
SOME ASPECTS O F  THE BEHAVIOUR AND 

PHYSIOLOGY OF SEXUAL A C T I V I T Y  I N  

TRYPODENDRON LINEATUM O L I V I E R  

(COLEOPTERA: SCOLYTIDAE) 

C a t h e r i n e  E l i z a b e t h  Fockler 

B.  Sc., S i m o n  Fraser U n i v e r s i t y ,  1970 

A T H E S I S  SUBMITTED I N  PARTIAL FULFILLMENT 

O F  THE REQUIREMENTS FOR THE DEGREE OF 

MASTER OF SCIENCE 

i n  the D e p a r t m e n t  

of 

B i o l o g i c a l  Sciences 

@ CATHERINE ELIZABETH FOCKLER 1 9 7 2  

SIMON FRASER UNIVERSITY 

F e b r u a r y ,  1 9 7 2  



APPROVAL 

Name : 

D e g r e e  : 

T i t l e  of T h e s i s :  

C a t h e r i n e  E l i z a b e t h  Fockler 

Master of Science 

S o m e  A s p e c t s  of the B e h a v i o u r  and 
Physiology of Sexual  A c t i v i t y  i n  
T r y p o d e n d r o n  l i n e a t u m  O l i v i e r  
( C o l e o p t e r a  : S c o l y t i d a e )  

E x a m i n i n g  C o m m i t t e e :  

C h a i r m a n :  D r .  G. H. G e e n  

c 

J. H. B o r d e n  
Supervisor 

< 

K. K. N a i r  

John A.  c h a p m a n  
E x t e r n a l  E x a m i n e r  
R e s e a r c h  S c i e n t i s t  

C a n a d i a n  Forestry Service 
Pacific Forest R e s e a r c h  C e n t r e ,  V i c t o r i a ,  B. C. 



ABSTRACT 

Mating frequency and behaviour of f i v e  co lo r -  

coded a d u l t s  of  each sex of T. l i n e a t m  were observed f o r  

one hour pe r iods  i n  p e t r i  d i s h  arenas.. A mating was 

a r b i t r a r i l y  def ined  a s  assumption of a "precopulatory" 

p o s i t i o n  f o r  a minimun of t e n  seconds. Newly emerged brood 

a d u l t s  mated with very low frequency. The mating a c t i v i t y  

of revived overwinter ing b e e t l e s  increased g radua l ly  u n t i l  

February, when t h e r e  was a sudden r i s e  i n  a c t i v i t y  t o  

an  i n t e n s i t y  approaching t h a t  of  s e x u a l l y  a c t i v e  "spr ing"  

popula t ions  of March and Apr i l .  This p a t t e r n ,  a s  w e l l  a s  

t h e  recovery  of locomotion upon warming throughout t h e  winter ,  

provides evidence t h a t  overwinter ing popula t ions  undergo a 

reproduct ive  diapause,  or  h ibe rna t ion .  Mating a c t i v i t y  of 

excavat ing  p a r e n t s  f e l l  t o  one h a l f  t h a t  of "spr ing"  

b e e t l e s  w i t h i n  two weeks of h o s t  invas ion  and dec l ined  

f u r t h e r  a f t e r  four  weeks. Parents  t h a t  had r e c e n t l y  emer- 

ged from brood logs  had n e g l i g i b l e  mating a c t i v i t y .  F l i g h t  

is no t  an  e s s e n t i a l  p r e r e q u i s i t e  t o  mating. There i s  no 

prolonged de lay  between i n i t i a l  c o n t a c t  of t h e  sexes and 

mounting, and no observable cour t sh ip .  Many observat ions  

iii 



indicated that, behaviourally, the male is the aggressive 

partner; the female is entirely passive and nonresisting. 

Multiple natings by both sexes, with the same or different 

partners, and mounting of mating couples and other males 

by males were recorded, There was some behavioural evi- 

dence that males identify females through chemoreceptive 

means, but antennectomies did not reduce mating drastically; 

palpi ablations were inconclusive. Mating was not diminished 

in red light. The average duration of mating was 1.75 

minutes and when copulation occurred, it increased to 3.35 

minutes; dissections showed that this period was sufficient 

for insemination. Partial satiation of the mounting and 

copulation drives occurred within 30 .to 40 minutes of initial 

contact with the opposite sex. Mating frequency depended 

primarily on the maturity and vigor of the male, although 

the maturity of females had a slight effect. There was 

evidence that the population aggregating and/or sex 

pheromone produced by excavating females is.not directly 

associated with sexual activity. 

Topical application of 50 kg of a juvenile 

hormone analog, 10-epoxy-2 -cis/trans , 6 

acid ethyl ester (EFA) in 1/2 h acetone 

trans-farnesenic 

solution to both 



sexes,  t o t a l l y  repressed mating wi th in  one hour of t r e a t -  

ment. Mating a c t i v i t y  increased gradual ly  with time and 

was s l i g h t l y  h igher  than t he  con t ro l s  by 48 hours. The 

repress ive  e f f e c t s  of t he  hormone appeared t o  be pr imar i ly  

assoc ia ted  wi th  t h e  male, although t h e  a c t i v i t y  of the  

female a l s o  decreased somewhat. Sexual a c t i v i t y  of t r e a t ed  

females increased a f t e r  2 4  hours.  A lower dose (0.05 pg) 

of EFA acce le ra ted  mating a c t i v i t y  a f t e r  one hour. ~ p p l i -  

c a t i on  of 50, bu t  not 0.05, pg EFA t o  v i r g i n  females induced 

growth and maturat ion of t h e  ovar ies .  
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INTRODUCTION 

Sexual A c t i v i t y  of Trypodendron l ineatum 

L i t t l e  information i s  a v a i l a b l e  about t h e  sexual  

behaviour of Trypodendron l ineatum ( O l i v i e r ) ,  I n  an ex- 

t e n s i v e  examination of t h e  spec ies ,  Hadorn (1933) made 

some observat ions  of t h e  mating behaviour of specimens i n -  

vading h o s t  l o g s  i n  t h e  s p r i n g ,  He noted t h a t  males r e -  

moved from overwinter ing s i t e s  and placed manually on a l og  

su r face  d i d  not  mate, presumably because they  had not y e t  

flown. Sexual ly a c t i v e  males approached females on t h e  

l o g  su r face ,  and followed and c i r c l e d  with v i b r a t i n g  an- 

tennae be fo re  a t tempt ing  t o  mount; copula t ion  g e n e r a l l y  

occurred on t h e  log  su r face  dur ing  i n i t i a l  excavat ion of 

t h e  ent rance  tunne l  by t h e  female. The female appeared t o  

be  un in te res ted  i n  mating. The couple remained on t h e  su r -  

face  of t h e  l o g  f o r  approximately one day wi th  i n t e r m i t t e n t  

copula t ion  u n t i l  t h e  depth of p e n e t r a t i o n  of t h e  female i n t o  

t h e  log  prevented mounting; t h e  male followed t h e  female 

i n t o  t h e  g a l l e r y .  Hadorn hypothesized t h a t  most, i f  not 

a l l ,  mating occurred on t h e  log  su r face  during i n i t i a l  hos t  



i nvas ion .  Numerous b e e t l e s  have been observed copula t ing  

on l o g  s u r f a c e s  i n  t h e  f i e l d  during a t t a c k  f l i g h t s  i n  t h e  

s p r i n g  (Chapman 1954, 1962) .  Rudinsky and Daterman (1964a, 

b) and Chapman (1966) showed t h a t  excavat ing female 2. l i n e -  

atum produce a  pheromone t h a t  has  bo th  populat ion aggregat ing 

and sex  a t t r a c t a n t  p r o p e r t i e s ,  a l though i t s  e f f e c t  on sex- 

u a l  a c t i v i t y  h a s  not  been determined. 

L i f e  His to ry  

I n  t h e  sp r ing ,  when maximum d a i l y  temperatures 

have r i s e n  t o  approximately 1 5 . 5 ' ~  ( ~ o ' F ) ,  reproduct ive ly  

a c t i v e  " s p r i n g "  popula t ions  f l y  from overwintering s i t e s  

and a t t a c k  s u i t a b l e  h o s t s  (Chapman and Kinghorn 1958, Rud- 

insky and Daterman 1964a, Daterman, Rudinsky and Nagel 

1965) .  With in  two weeks of  h o s t  invasion,  pa ren t  females 

commence o v i p o s i t i o n  (Prebble and Graham 1957) . Brood 

development t a k e s  approximately 40 days and "broodt' a d u l t s  

feed on ambrosia fungus i n  t h e  g a l l e r y  f o r  s e v e r a l  days 

before  l e a v i n g  t h e  h o s t  (Hadorn 1933, Chapman 1954).  

Throughout t h e  summer, t h e r e  a r e  sporadic  f l i g h t s  c o n s i s t -  

i n g  of b o t h  brood a d u l t s  and emerged pa ren t s  (chapman 1958a; 



Daterman, Rudinsky and Nagel 1965).  It has  been e s t a b l i s h e d  

t h a t  a t t a c k s  on new h o s t s  dur ing  t h e  summer a r e  i n i t i a t e d  

only  by emerged p a r e n t s  (Hadorn 1933; Chapman 1955, 1958a; 

Schneider and Rudinsky 1969a);  emerging brood f l y  d i r e c t l y  

t o  overwinter ing s i t e s ,  burrowing i n t o  l i t t e r  o r  cons t ruc t ing  

shal low g a l l e r i e s  i n  t r e e s  w i t h i n  neighbouring f o r e s t s  (Chap- 

man 1958b, Kinghorn and Chapman 1959, Dyer and Kinghorn 1961) 

wi thout  mating (Hadorn 1933) . Eventual ly ,  surv iv ing  pa ren t s  

overwinter w i t h  t h e  brood; p a r e n t s  have been recovered i n  

overwinter ing popula t ions  (Chapman 1955, 1958a; Chapman and 

N i  j h o l t  1965) ,  and f l y i n g  "spr ing"  populat ions of  t h e  follow- 

i n g  year  (Chapman 1955, 1958a) . 

Role of Juven i l e  Hormone i n  I n s e c t  Reproductive A c t i v i t y  

The corpora a l l a t a  have been implicated i n  t h e  

r e g u l a t i o n  of  s e v e r a l  processes  a s soc ia ted  wi th  reproduct ion 

i n  t h e  a d u l t  i n s e c t .  Juveni le  hormone promotes t h e  matur- 

a t i o n  and s e c r e t o r y  a c t i v i t y  of t h e  accessory sex  glands i n  

males (Loher 1960, Wigglesworth 1964) and i n  females of sev- 

e r a l  s p e c i e s  (Gi lbe r t  1964, de Wilde 1964) . The hormone 

s t i m u l a t e s  growth and matura t ion  of  t h e  ovar i e s ,  a s  we l l  a s  



advanced development of oocytes through r e g u l a t i o n  of yolk 

depos i t ion  by t h e  f o l l i c l e  c e l l s  i n  t h e  v i t e l l o g e n e s i s  phase 

(de Wilde 1964, Highnam 1964, Engelmann 1968, Wigglesworth 

1970).  Extremely reduced corpora a l l a t a  s e c r e t i o n  prevents  

oocyte maturat ion and diminishes genera l  metabol ic  a c t i v i t y  

(de Wilde 1964) and juveni le  hormone de f i c i ency  has been 

found t o  induce imaginal diapause i n  s e v e r a l  i n s e c t  spec ies  

(de Wilde 1959, 1964; Dani levski i  1965; Bowers and Blicken- 

s t a f f  1966).  Termination of diapause,  through s e c r e t i o n  of 

juveni le  hormone, occurs  i n  most spec ies  upon r e  -exposure 

of t h e  diapausing ind iv idua l  t o  cond i t ions  s u i t a b l e  f o r  

normal development, following a  c r i t i c a l  per iod of suboptimal 

cond i t ions  (Dani levski i  1965, Beck 1968) . 
Juveni le  hormone may a l s o  be involved i n  processes  

a s soc ia ted  wi th  mating a c t i v i t y ,  such a s  pheromone production 

(Loher 1960; Barth 1962, 1965, 1968; Borden, Nair and S l a t e r  

1969; Menon 1970),  cour t sh ip  sound product ion (Loher 1966, 

Loher and Huber 1964),  and sexual  r e c e p t i v i t y  of  females 

(Engelmann 1960a, Manning 1967, Adams and Hintz  1969) and 

males (Pener 1967, Wal j and Pener 1970) . 



There appears  t o  be a r e l a t i o n s h i p  between t h e  

hemolymph concent ra t ion  of juveni le  hormone (o r  s e c r e t o r y  

a c t i v i t y  of t h e  corpora a l l a t a )  and t h e  type of  reproduct ive  

phenomena e l i c i t e d .  I n  c e r t a i n  spec ies ,  t h e  q u a n t i t i e s  of  

hormone t h a t  a r e  necessary t o  i n i t i a t e  gonad maturat ion,  t h e  

development of oocytes  up t o  t h e  i n i t i a l  s t a g e s  of yolk dep- 

o s i t i o n  and mating a c t i v i t y  a r e  much lower than  those r e -  

qu i red  f o r  t h e  completion of egg development (i .e . v i t e l l o -  

genes i s )  (Johansson 1955, Engelmann 1960b, Lea 1968) . In  

o t h e r  spec ies ,  t h e  oocytes do not complete development u n t i l  

t h e  s e x u a l l y  mature female i s  exposed t o  s p e c i f i c  s t i m u l i  

rece ived  from mating (Engelmann 1958, 1960b; Davey 1967 ; 

Barth 1968; Rohdendorf and Watson 1969),  o r  feeding (Mellan- 

by 1939, Clements 1956, G i l l e t  1956, O r r  l 964) ,  f l y i n g  

(Highnam and Haskel l  1964) and male pheromone (Highnam and 

Lusis 1962) ,  o f t e n  i n  conjunct ion wi th  mating s t i m u l i .  

Increased a c t i v i t y  of  t h e  corpora a l l a t a  has  been observed 

t o  fo l low these  " t r i g g e r "  s t i m u l i  (Engelmann 1959, Rohden- 

dorf and Watson 1969) and has been c o r r e l a t e d  wi th  te rminal  

egg matura t ion  (Scharrer  and von Harnack 1959, Cass ier  and 

Pap i l lon  1968, Rohdendorf and Watson 1969).  A reduct ion  of 

sexual  a c t i v i t y  o f t e n  accompanies t h e  f i n a l  s t a g e s  of  egg 



development (Engelmann 1960b, Roth and Dateo 1966, Loher 

1966) . 

Object ives  

The o b j e c t i v e s  of t h i s  r e sea rch  were: 1) t o  des- 

c r i b e  t h e  sexual  behaviour and seasonal  mating a c t i v i t y  of 

T. l ineatum, a t tempt ing  t o  e l u c i d a t e  some of t h e  n a t u r a l  - 
r e g u l a t o r s  of a c t i v i t y ,  and 2 )  t o  i n v e s t i g a t e  t h e  poss ib le  

r o l e  of juveni le  hormone i n  t h e  reproduct ion of x, l ineatum 

by a r t i f i c i a l l y  augmenting i n t e r n a l  supp l i e s  through t h e  

admin i s t r a t ion  of a  juveni le  hormone analog, 10-epoxy-2 - 

c i s / t r a n s ,  6  t r ans - fa rnesen ic  a c i d  e t h y l  e s t e r  (EFA) .  
1 

Farnesol  d e r i v a t i v e s  have been shown t o  have juveni le  hor-  

mone a c t i v i t y  (c , f  . G i l b e r t  1964, Wigglesworth 1970) and 

c e r t a i n  of t h e s e  compounds have been shown t o  induce pheno- 

mena assoc ia ted  w i t h  reproduct ion  i n  s c o l y t i d s ,  inc luding  

pheromone product ion (Borden, Nair and S l a t e r  1969),  f l i g h t  

muscle degenera t ion  (Borden and S l a t e r  1968) ,  and ovary 

development (Sahota, Chapman and N i  j h o l t  1970) . 

1, Supplied by F.  Hof •’man-La Roche and Co., Ltd., Basle, 

Switzerland 



METHODS 

Specimens 

With few except ions,  overwinter ing T. l ineatum 

were c o l l e c t e d  from l i t t e r  on t h e  f l o o r  of screened outdoor 

cages t h a t  had been f i l l e d  t h e  previous summer wi th  na tur -  

a l l y  i n f e s t e d  Douglas f i r  and hemlock c o l l e c t e d  from t h e  

Univers i ty  of B r i t i s h  Columbia (U.B.C.) Research Fores t ,  

Maple Ridge, B.C. This ensured both  a r e l a t i v e l y  uniform 

experimental  populat ion and a concentrated supply of  b e e t l e s ,  

pe rmi t t ing  rap id  c o l l e c t i o n  of  specimens p r i o r  t o  a t e s t .  

However, f o r  some of t h e  t e s t s  examining t h e  e f f e c t  on mating 

of hormone t rea tment  t o  e i t h e r  sex ,  and f o r  a l l  t e s t s  compar- 

ing  t h e  mating a c t i v i t y  of "spr ing"  b e e t l e s  and newly emerged 

brood a d u l t s ,  specimens of "spr ing"  populat ions were acquired 

from l i t t e r  c o l l e c t e d  from Por t  Renfrew, B. C . Excavating 

p a r e n t s  were excised  from t h e i r  g a l l e r i e s  i n  n a t u r a l l y  i n -  

f e s t e d  Douglas f i r  c o l l e c t e d  from U.B.C.  Fores t .  merged par-  

e n t s  and brood a d u l t s  were c o l l e c t e d  a s  they  evacuated na tur -  

a l l y  i n f e s t e d  Douglas f i r  l o g s  from U.B.C. Fores t .  Observa- 

t i o n s  revealed t h a t  p a r e n t s  begin  t o  emerge before  brood have 

matured and t h a t  t h e  commencement of brood emergence, approxi- 



mately two weeks l a t e r ,  i s  heralded by the  appearance of 

cal low a d u l t s .  Without d i s s e c t i o n ,  darkened brood b e e t l e s  

could not  be d i s t ingu i shed  from emerged pa ren t s .  Therefore, 

only b e e t l e s  which could be i d e n t i f i e d  a s  callow were des-  

ignated  a s  brood, and darkened b e e t l e s  emerging before  and 

dur ing  t h e  e a r l y  per iod  of cal low emergence were considered 

emerged p a r e n t s .  To prevent  mating a s  much a s  p o s s i b l e  p r i o r  

t o  t e s t i n g ,  most b e e t l e s  were c o l l e c t e d  wi th in  minutes of 

emergence. However, i n  c o n t r a s t  t o  "spring" populat ions,  

mating was never observed dur ing  c o l l e c t i o n s  of t h e s e  popu- 

l a t i o n s  and such p recau t ions  may have been unnecessary. 

A l l  duf f  samples were removed from t h e  f i e l d  before  

n a t u r a l  emergence of t h e  i n s e c t s ,  and s tored  a t  approximately 

0' C.  Beet les  were revived from cold-immobilization jus t  

p r i o r  t o  t e s t i n g .  Specimens were c o l l e c t e d  i n d i v i d u a l l y  a s  

they  emerged t o  t h e  su r face  of a p o r t i o n  of  l i t t e r  placed i n  

a shallow enamel pan heated from beneath.  They were segreg- 

a t e d  immediately by sex  t o  prevent  mating, and cooled t o  a 

s tuporous s t a t e  i n  p e t r i  d i s h e s  r e s t i n g  on i c e  t o  prevent ex- 

t e n s i v e  metabol ic  change o r  f l i g h t .  A s  soon a s  a s u f f i c i e n t  

number of b e e t l e s  were c o l l e c t e d  (usua l ly  wi th in  one h a l f  

h o u r ) ,  they  were removed from t h e  cold d i shes  and held a t  2 4  



+ 1•‹c f o r  a def ined  period p r i o r  t o  t e s t i n g .  Beet les  used - 

w i t h i n  f i v e  hours of c o l l e c t i o n  were incubated i n  100 x 15 

nun d isposable  p e t r i  d i s h e s  wi th  moistened f i l t e r  paper f l o o r -  

ing .  Beet les  held f o r  a longer  per iod  were confined t o  e i g h t  

o r  s i x t e e n  ounce, screw-cap j a r s  conta in ing  moistened, 

crumpled paper t i s s u e  t o  prevent  dehydrat ion and reduce con- 

t a c t  wi th  o t h e r  i n d i v i d u a l s .  Excavating p a r e n t s  were segreg- 

a t e d  by sex  and he ld  a t  room temperature f o r  approximately 

two hours p r i o r  t o  t e s t i n g ,  due t o  a de lay  while  c o n t r o l  pop- 

u l a t i o n s  from t h e  duff  were condi t ioned t o  room temperature.  

Emerged p a r e n t s  and brood were segregated by sex and s to red  

a t  4 * ~  i n  e i g h t  o r  s i x t e e n  ounce j a r s  conta in ing  moistened 

paper t i s s u e .  P r i o r  t o  t e s t i n g ,  they  were warmed t o  room 

temperature f o r  one t o  two hours i n  d isposable  p e t r i  d i shes .  

Matinq Tes ts  

A mating t e s t  was conducted i n  a c losed 100 x 15 

mm d isposable  p e t r i  d i s h  divided equa l ly  by a v e r t i c a l  par -  

t i t i o n  and conta in ing  a paper toweling f l o o r  t o  f a c i l i t a t e  

locomotion. The p a r t i t i o n  prevented b e e t l e s  from con t inua l ly  

c i r c l i n g  t h e  con ta ine r  and reduced t h e  arena t o  a s i z e  t h a t  



allowed g r e a t e r  c o n t a c t  between i n d i v i d u a l s .  Each t e s t  com- 

p r i sed  t h e  continuous observat ion of t h e  mating a c t i v i t y  of 

f i v e  specimens of each sex  f o r  one hour .  A l l  i n s e c t s  were 

i n d i v i d u a l l y  coded by applying a small  do t  of model p a i n t  

( T e s t o r ' s  " p l a " )  or  n a i l p o l i s h  t o  t h e  dorsum of  t h e  thorax o r  

e l y t r a .  Specimens were never used i n  more than  one mating 

t e s t .  The commencement t ime, p a r t i c i p a n t s  and, whenever 

p o s s i b l e ,  t h e  dura t ion  of each mating s e s s i o n  were noted. By 

a r b i t r a r y  d e f i n i t i o n ,  a mating occurred i f  a male remained 

mounted on a female f o r  a t  l e a s t  t e n  seconds and assumed t h e  

"precopulatory" p o s i t i o n  (Fig.  1) a t  l e a s t  once. Copulation 

was recorded whenever observed. Most t e s t s  were performed i n  

1971 i n  a semicontrol led environment: r e l a t i v e  humidity 40 t o  

60%, 2 4  - + 1•‹c, and cons tan t  f luorescen t  l i g h t i n g .  A l l  t e s t s  

performed i n  1970 and those on emerged pa ren t s  and brood 

b e e t l e s  i n  1971 were performed i n  a windowed l abora to ry  with 

cons tan t  f l u o r e s c e n t  l i g h t i n g  and a t  room temperature ( 2 3  t o  

2 9 ' ~ )  . General ly ,  t h e  tes t  chamber remained c losed ,  bu t  

occas iona l ly  t h e  l i d  was removed t o  r ep lace  a b e e t l e  t h a t  had 

s t r ayed  over the  p a r t i t i o n  or  t o  d i s p e r s e  a prolonged immobile 

aggregat ion of bee t  l e s  . 



Hormone Treatments 

Hormone t r e a t m e n t s  were adminis te red  t o p i c a l l y  

as  ace tone  s o l u t i o n s  o f  EFA t o  t h e  abdominal v e n t e r  o f  co ld-  

immobilized i n s e c t s .  The m a j o r i t y  o f  t r ea tmen t s  were ap- 

p l i e d  w i t h  a 25 p 1  Hamilton m i c r o l i t e r  s y r i n g e  (No, 702-N) , 

adap ted  t o  r e l e a s e  0.5 p l  s o l u t i o n  p e r  a p p l i c a t i o n  w i t h  a 

Hamilton r e p e a t i n g  d i s p e n s e r  (P B600-1) . I n  p r e l i m i n a r y  

tests, s o l u t i o n s  w e r e  a p p l i e d  w i t h  a nonadapted 10 p1  Ham- 

i l t o n  m i c r o l i t e r  s y r i n g e  (7005-N) . A t r ea tmen t  c o n s i s t e d  o f  

one o f  f i v e  doses  o f  EFA, 50, 5,  0.5, 0.05, o r  0.005 pg. 

Con t ro l  samples w e r e  o f  two k inds :  u n t r e a t e d ,  and t r e a t e d  

w i t h  0.5 p l  a ce tone .  Following p r e p z r a t i o n ,  a l l  hormone s o l -  

u t i o n s  were s t o r e d  a t  - 5 0 ' ~  i n  one m l  serum v i a l s  covered 

w i t h  serum caps .  Samples w e r e  removed by punc tu r ing  t h e  

serum cap  w i t h  t h e  s y r i n g e  and withdrawing t h e  d e s i r e d  quan- 

t i t y  o f  f l u i d ,  A f t e r  t r ea tmen t ,  b e e t l e s  were segrega ted  by 

sex and t r e a t m e n t  and h e l d  a t  room tempera ture  f o r  a  de f ined  

pe r iod  u n t i l  t e s t i n g .  



Dissec t ions  and Microscopic Examination - 

A f t e r  mating t e s t s  o r  hormone t rea tments ,  represen-  

t a t i v e  cold-immobilized females were secured f o r  d i s s e c t i o n  

by i n s e r t i n g  them, v e n t r a l  s i d e  down, i n  warmed black wax, 

which provided c o l o r  c o n t r a s t  wi th  i n t e r n a l  s t r u c t u r e s .  

Specimens were covered immediately wi th  ice-cold s a l i n e  (0.75% 

N a ~ l )  and d i s s e c t e d  under a d i s s e c t i n g  microscope. An e f f o r t  

w a s  made t o  determine t h e  age of female i n s e c t s ,  u t i l i z i n g  

c r i t e r i a  e s t a b l i s h e d  by  Chapman (1958a). An emerged parent  

could be d i s t i n g u i s h e d  from a brood a d u l t  by t h e  presence of  

pigmented oenocytes i n  t h e  f a t  body and "corpora l u t e a t '  i n  

t h e  o v a r i o l e s .  The reproduct ive  t r a c t  was teased  f r e e ,  ex- 

c i s e d ,  placed on a g l a s s  s l i d e  a t  O O C ,  and covered wi th  two 

drops of s a l i n e .  Specimens were he ld  i n  t h i s  condi t ion  u n t i l  

f i v e  were prepared f o r  observat ion ,  and then examined under 

a compound microscope. Tracings of a l l  i n t a c t  o v a r i o l e s  were 

made wi th  t h e  a i d  of  a drawing tube (Treffenberg type)  a t -  

tached t o  t h e  microscope. The enclosed a r e a s  of t h e  plane 

su r face  drawings were determined w i t h  a planimeter  (F i lo -  

t echn ica  Salmoiraghi Sp. A. Milano) and t h e  va lues  used a s  

an index of r e l a t i v e  s i z e .  This technique has  been used 



previous ly  wi th  apparent  e f f e c t i v e n e s s  (de Wilde and de Boer 

1961). F i n a l l y ,  t h e  reproduct ive  t r a c t  was ruptured by pres-  

su re  and examined f o r  t h e  presence and l o c a t i o n  of spermatozoa. 

Frass  Bioassays 

Ol fac to ry  o r i e n t a t i o n  t o  f r a s s  w z s  determined a s  

an ar res tment  response on an  o l fac tometer  descr ibed by Borden, 

Brownlee and S i l v z r s t e i n  (1968). The s t imulus  cons is ted  of 

approximately 250 mg of f r a s s ,  produced during t h e  preceding 
1 

summer by females excavat ing i n  logs  i n  t h e  labora tory ,  and 

s t o r e d  a t  approximately - 5 0 ' ~  p r i o r  t o  t e s t i n g .  The s t imulus  

was replaced on a l t e r n a t e  tests. Ten b e e t l e s  of  t h e  same sex  

were t e s t e d  simultaneously.  An i n d i v i d u a l  responded p o s i t -  

i v e l y  i f  it executed a t  l e a s t  t h r e e  r i g h t  angle  t u r n s  over  t h e  

s t imulus  s i t e ,  o r  i f  it made a s i n g l e  r i g h t  angle  t u r n  over  

t h e  s t imulus  s i t e  and completely t r ave r sed  t h e  width of t h e  

s t imulus  s i t e ,  o r  i f  it  reversed i t s  d i r e c t i o n  a f t e r  c ross -  

ing  t h e  s t imulus  s i t e ,  bu t  before  c ross ing  a l i n e  t h r e e  cm 

beyond t h e  s t imulus  s i t e  and re turned  t o  t h e  s t imulus  without  

c ross ing  a l i n e  t h r e e  cm before  t h e  s t imulus  s i t e .  An ind iv -  . 
i d u a l  t h a t  was exposed t o  t h e  s t imulus  b u t  d id  not  respond 



p o s i t i v e l y ,  was considered a negat ive  responder. Indiv id-  

u a l s  t h a t  were no t  exposed t o  t h e  s t imulus ,  due t o  photo- 

negat ive  response,  immobility, escape o r  f l i g h t  t o  t h e  l i g h t ,  

were discounted.  A t e s t  l a s t e d  f o r  f i v e  minutes, o r  u n t i l  

a l l  b e e t l e s  had responded,. 



RESULTS AND DISCUSSION 

Quali tat ive Observations 

Neither sex became noticeably excited upon exposure 

t o  the  opposite sex. Generally, individuals appeared t o  in- 

t e r a c t  randomly, with mating occurring upon some encounters, 

Occasionally, males were observed t o  follow females, i n  con- 

t a c t ,  o r  up t o  two millimeters behind. This a c t i v i t y  led a t  

times t o  an attempt t o  mount the  female, but more often the 

male spontaneously terminated the "chase" o r  the female moved 

out of range. On occasion, the  t r a i l i n g  male successfully 

navigated several  a l t e ra t ions  i n  the d i rec t ion  of the moving 

female, caught up t o  the female, and then walked r igh t  past  

her! 

There was no conspicuous courtship pr ior  t o  mount- 

ing. Although a male sometimes caught and mounted a rapidly 

moving female with a burs t  of ac t iv i ty ,  males usually mounted 

s ta t ionary  o r  slow moving females. The male mounted the back 

of the  female from any direct ion,  but most commonly from the 

r ea r .  Even a s  a male mounted, he often curved the abdomen 

ventral ly ,  and, with aedeagus extended, probed the surface 
I 

of the female. The male manoeuvred upon the back i n t o  a 



"precopulatory" p o s i t i o n ,  male ven te r  a g a i n s t  female dorsum, 

both  i n d i v i d u a l s  f ac ing  i n  t h e  same d i r e c t i o n ,  male s l i g h t l y  

caudad t o  t h e  female (Fig. 1 Occasional ly,  t h e r e  were long 

de lays  be fo re  a male o r i en ted  i n t o  t h e  "precopulatory" pos i -  

t i o n  and in f requen t ly ,  males f a i l e d  t o  manoeuvre i n t o  pos i -  

t i o n  even a f t e r  prolonged mounts. A male was no t i ceab ly  

a g i l e  on t h e  female ' s  back and would sometimes t u r n  a 360' 

c i r c l e  o r  r a p i d l y  dismount and remount. Inf requent ly ,  males 

reversed t h e i r  p o s i t i o n  on t h e  back, paused wi th  t h e  head 

over  t h e  caudal  r eg ion  of t h e  female, and then  re turned  t o  

t h e  o r i g i n a l  p o s i t i o n .  Generally,  t h e  aedeagus was r e t r a c t e d  

dur ing  t h e s e  manoeuvres. I n  t h e  mating p o s i t i o n ,  t h e  male 

u s u a l l y  c lu tched t h e  e l y t r a  of t h e  female wi th  t h e  p ro thorac ic  

and mesothoracic l e g s .  The metathoracic  l e g s  were occasion- 

a l l y  used f o r  support  bu t  g e n e r a l l y  remained f r e e  and were 

o f t e n  seen rhythmical ly  brushing t h e  caudal  por t ions  of t h e  

e l y t r a  of t h e  female. Whether t h i s  a c t i v i t y  served a cour t -  

s h i p  func t ion  is  unclear .  However, males were occas iona l ly  

observed t o  brush females wi th  t h e  metathoracic  l e g s  while 

i n  copulo i f  t h e  female remained a c t i v e ,  and t o  cease when - 
she  became immobile, sugges t ing  t h a t  t h i s  a c t i o n  may have 

had a pac i fy ing  e f f e c t .  S imi lar  a c t i v i t y  was observed i n  



Figs .  1 - 2 Mating T. l ineatum: Fig.  1, Beetles i n  

"precopulatory" p o s i t i o n ;  Fig.  2 ,  Beetles 

i n  copulo.  - 





lucanid  b e e t l e s  more f r equen t ly  wi th  unreceptive females and 

when a female became immobile (Mathieu 1969), i n d i c a t i n g  a 

c o u r t s h i p  funct ion .  T a c t i l e  s t i m u l i  a r e  used by males of  

s e v e r a l  s p e c i e s  i n  o rde r  t o  q u i e t e n  and reduce t h e  mobi l i ty  

of cour ted  females (Engelmann 1970) . Inf requent ly ,  t h e  

mounted male s t roked t h e  female wi th  t h e  pro thorac ic  and 

mesothoracic l e g s ,  employing t h e  metathoracic  l e g s  f o r  sup- 

p o r t .  I n  t h e  "precopulatory" p o s i t i o n ,  t h e  o r i e n t a t i o n  of  

t h e  male va r i ed  considerably,  from one high on t h e  female 's  

back and a t  t h e  same angle t o  t h e  s u b s t r a t e  t o  one much more 

caudad and a t  a much s t e e p e r  ang le .  The antennae of t h e  

male sometimes "quivered" dur ing  mating but  d i d  not  "pa t"  

t h e  female, a s  i n  t h e  a l f a l f a  weevi l  (Le Cato and Pienkowski 

1970) and o t h e r s  (Engelmann 1970).  

The mounted female d id  not  respond not iceably  t o  

t h e  ma le ' s  presence;  she appeared n e i t h e r  t o  cooperate wi th  

nor r e j e c t  t h e  male. Occasional ly,  a female f e l l  t o  he r  s i d e  

and s t rugg led  dur ing  mating, bu t  it could not be determined 

whether she was r e j e c t i n g  t h e  male o r  was simply burdened by 

h i s  a c t i v i t i e s .  These observat ions  support  those of Hadorn 

(1933), t h a t  females appeared t o  ignore  t h e  presence of t h e  

male and continued t o  sea rch  f o r  excavat ion s i t e s  and/or t o  



c o n s t r u c t  en t rance  tunne l s  during mating. They a l s o  suggest  

t h a t  t h e  sexual  p a t t e r n  of  2. l ineatum is  s i m i l a r  t o  t h a t  of  

many s p e c i e s  i n  which t h e  aggress ive  male must persuade t h e  

"coy" female t o  copulate  (Richards 1927).  The low incidence 

o f  copula t ion  (5.3% of 398 matings i n  a sexua l ly  a c t i v e  

sample) sugges ts  t h a t  t h e s e  females a r e  h igh ly  unrecept ive 

t o  t h e  advances of  t h e  males and may have some cover t  r e j e c -  

t i o n  mechanisms. Mayer and Brazzel (1963) and Le Catc and 

Pienkowski (1970) observed t h a t  female weevi ls  prevented 

in t romiss ion  by r a i s i n g  t h e  abdominal apex under t h e  e l y t r a .  

This mechanism could not  be observed i n  - T. l i n e a t - ~  females 

because of t h e i r  small  s i z e .  

I n  o rde r  t o  i n s e r t  t h e  aedeagus, males had t o  move 

t o  a more v e r t i c a l  p o s i t i o n  s o  t h a t  t h e  abdominal t i p  was 

s u f f i c i e n t l y  v e n t r a l  t o  t h e  vulva o f  t h e  female t o  permit  

e n t r y .  In copulo, t h e  male assumed t h e  "male v e r t i c a l  pose" 

(Richards 1927) and was o f t e n  almost perpendicular  t o  t h e  

female (Fig.  2 ) .  The p ro thorac ic  and mesothoracic l e g s  e i t h e r  

r e s t e d  on t h e  female ' s  back o r  were held f r e e .  Support and 

ba lance  were maintained wi th  t h e  metathoracic  l e g s  and par- 

t i c u l a r l y ,  t h e  aedeagus, which was lodged f i rmly  wi th in  t h e  

vagina.  During copula t ion ,  t h e  male remained p r a c t i c a l l y  



mot ion le s s  w i t h  on ly  o c c a s i o n a l  t w i t c h i n g  of t h e  an tennae  o r  

l e g s ;  t h e  female became mot ion le s s  o r  cont inued t o  walk 

s lowly .  

Inc reased  movements o f  t h e  l e g s  and antennae by t h e  

male s i g n a l l e d  t h e  t e r m i n a t i o n  of  c o p u l a t i o n .  The female 

began t o  walk i f  she  had been immobile p rev ious ly .  The male 

g r a d u a l l y  r e t r a c t e d  t h e  aedeagus b e f o r e  dismounting,  some- 

t i m e s  w i t h  the a i d  o f  pushes  o f  t h e  hind l e g s ,  and he  l e f t  

t h e  female ' s back immediately.  

The average d u r a t i o n  of  mating was 1.75 minutes  

( range ,  0.45 t o  7 .OO minutes ;  n  = 145) . When c o p u l a t i o n  oc- 

c u r r e d ,  mat ing d u r a t i o n  i n c r e a s e d  t o  3.35 minutes ( range,  

2.00 t o  6.25 minutes ;  n  = 1 8 ) .  D i s s e c t i o n s  i n d i c a t e d  t h a t ,  

i n  many c a s e s ,  t h i s  pe r iod  w a s  s u f f i c i e n t  t o  permit  sperm 

t r a n s f e r .  

Mul t ip l e  mounting w i t h  t h e  same and w i t h  d i f f e r e n t  

p a r t n e r s  and v e r y  r a r e l y ,  m u l t i p l e  c o p u l a t i o n s ,  w e r e  observed 

i n  b o t h  s exes .  Two females t h a t  had copulated once each  w i t h  

t h e  same male du r ing  a  tes t  had evidence of  f r e s h  insemin- 

a t i o n ,  i n d i c a t i n g  t h a t  males a r e  capable  of  insemina t ing  

more t h a n  one female w i t h i n  a  few minutes .  



The mating a c t i v i t y  of males w a s  not iceably  aggres-  

s i v e .  Males were seen t o  mount mating couples, e i t h e r  on t h e  

a n t e r i o r  of t h e  female o r  on t h e  back of t h e  mounted male. 

They sometimes d i s tu rbed  mating couples by shoving them o r  

fo rc ing  t h e  head between t h e  two bodies .  Occasionally,  one 

male would d i s p l a c e  another  on a female. On t h r e e  occasions,  

males were observed t o  mate very  a c t i v e l y  with r e c e n t l y  

crushed,  deformed females and on s e v e r a l  occasions,  t o  mount 

and assume t h e  "precopulatory" p o s i t i o n  f o r  prolonged per iods  

on o t h e r  males i n  a mixed group. "Homosexual" a c t i v i t y  among 

males h a s  been observed i n  o t h e r  i n s e c t s ,  inc luding  t h e  a l -  

f a l f a  weevi l ,  Hypera p o s t i c a  (Le Cato and Pienkowski 1970),  

two s p e c i e s  of Callosobruchus (Nakamura 1969) and t h e  g rass -  

hopper, Aulocara e l l i o t t i  (Ferkovich, Wellso and Wilson 1967) .  

Sexual a t t r a c t i o n  t o  mating couples  has  been noted i n  males 

of  s e v e r a l  spec ies ,  inc luding  t h e  white  pine weevil  and a l -  

f a l f a  weevi l  (c .  f . ,  Le Cato and Pienkowski 1970) . 

Contrary t o  t h e  claim t h a t  male T. l ineatum r e -  

q u i r e  a per iod  of f l i g h t  be fo re  becoming sexual ly  a c t i v e  

(Hadorn 1933),  males i n  these  experiments mated without  
* 

previous f l i g h t  e x e r c i s e ,  i n d i c a t i n g  t h a t  mating may occur 

be fo re  b e e t l e s  leave t h e  overwinter ing s i t e .  Chapman (1955) 



observed t h a t  many sp r ing  females taken i n  f l i g h t  were 

a l r e a d y  f e r t i l i z e d .  Although he assumed t h a t  they  had mated 

on h o s t  logs  and then  taken f l i g h t  again,  some mating could 

have occurred a s  b e e t l e s  emerged from overwintering s i t e s .  

Addi t ional  support  comes from t h e  f inding  t h a t  b e e t l e s  emerge 

from bark and l i t t e r ,  and a r e  locomotory, a t  temperatures 

below those  conducive f o r  f l i g h t  ( ~ a t e r m a n ,  Rudinsky and 

Nagel 1965) . 
The t r a i l i n g  behaviour of c e r t a i n  males provides 

evidence t h a t  t h e  male recognizes  t h e  female through chemo- 

recep t ion .  The occas ional  mounting of mating couples ,  males, 

and r e c e n t l y  i n j u r e d ,  deformed females (wings spread, head 

and pro thorax  crushed) i n d i c a t e  t h a t  v i s i o n  i s  not  a p r e c i s e  

means of i d e n t i f y i n g  a female. On t h e  o ther  hand, t h e  r e -  

l e a s e  of  chemical s t i m u l i  by i n j u r e d  o r  sexua l ly  a c t i v e  f e -  

males, contamination of males i n  c l o s e  proximity t o  females, 

o r  a s t a t e  of genera l  excitement produced by high l e v e l s  of 

odour i n  a confined a r e a  could exp la in  these  a c t i v i t i e s .  

However, i n  an  unrepl ica ted  experiment with l a t e  sp r ing  pop- 

u l a t i o n s  i n  1970, antennectomies reduced mating a c t i v i t y  by . 
only  17% and 37% when males and females were antennectomized, 

r e s p e c t i v e l y .  These reduc t ions  a r e  no t  t h e  t o t a l  c e s s a t i o n  



of a c t i v i t y  t h a t  would occur i f  t h e  antennae were t h e  only  

organs used f o r  r ecogn i t ion  of t h e  o the r  sex.  Mating was 

extremely r e d u c e d b y  antennectomy a s  we l l  a s  p a l p i  c a u t e r -  

i z a t i o n  i n  experiments wi th  e a r l y  "spr ing"  populat ions i n  

1971, b u t  c o n t r o l  i n j u r i e s  ( p e r f o r a t i o n  of  t h e  l a t e r a l  

edges of  t h e  prothorax)  a l s o  e l iminated  mating a c t i v i t y ,  

making it impossible t o  s e p a r a t e  t h e  e f f e c t s  of i n j u r y  from 

t h e  experimental  ope ra t ions .  

A s i n g l e  t e s t  showed t h a t  mating a c t i v i t y  was not  

h indered ,  and may have been enhanced, by a d r a s t i c  reduct ion  

i n  l i g h t  i n t e n s i t y .  I n  r ed  l i g h t ,  a wavelength poorly o r  

no t  perceived by most i n s e c t  s p e c i e s  (Burkhardt 1964) ,  

b e e t l e s  mated n ine teen  t imes wi th  t h r e e  success fu l  copula- 

t i o n s ,  compared wi th  a c o n t r o l  group which mated s i x t e e n  

t imes i n  b r i g h t  l i g h t ,  wi th  t h r e e  success fu l  copula t ions .  

However, it i s  not  known whether t h e s e  condi t ions  were 

o p t i c a l l y  d e f i c i e n t ,  s i n c e  t h i s  spec ies  spends a l a r g e  por- 

t i o n  of i t s  a c t i v e  s t a t e  i n  a dark g a l l e r y  system and may 

be a b l e  t o  perce ive  t h e  longer  wavelengths, a s  do a few 

s p e c i e s  (Burkhardt 1964) . . 



Quantitative Observations 

Weather Conditions 

Although a l l  t e s t s  were performed under semi- 

controlled conditions, the mating frequency of sexually ac- 

t i v e  specimens was examined i n  r e l a t ion  t o  the s t a t e  of the  

weather, s ince individuals could not be isolated fron atmos- 

pheric pressure and extremely high re l a t ive  humidities. No 

cor re la t ion  was discovered with weather conditions occurring 

a t  the t i n e  of tes t ing .  

Sa t ia t ion  of Matins Activity 

Although there was considerable var ia t ion,  sexu- 

a l l y  ac t ive  beet les  became a t  l e a s t  p a r t i a l l y  sa t ia ted  d u r -  

ing the  hour of t e s t ing  (Figs. 3 ,  4) . Mating was most 

frequent during the f i r s t  twenty minutes, declined 

t o  approximately one half  t h i s  leve l  between t h i r t y  and 

fo r ty  minutes, and remained a t  the lower level  fo r  the re -  

maining twenty minutes of the t e s t .  Almost one half  of the 

copulations occurred within the f i r s t  t en  minutes of the  

t e s t  (Fig. 4) indicating tha t ,  unlike many species (Richards 

1927), there  may be l i t t l e  delay between i n i t i a l  contactland 

copulation i n  t h i s  species. 



Figs .  3 - 4 Mean frequency o f  mat ing (Fig .  3 )  and 

c o p u l a t i o n  (Fig .  4) of  s e x u a l l y  a c t i v e  

T. l i n e a t g  ( f i v e  hour s  p o s t r e v i v a l )  - 

d u r i n g  twenty,  hour-long t e s t s .  V e r -  

t i c a l  b a r s  i n  F ig .  3  r e p r e s e n t  + 1 

s tanda rd  d e v i a t i o n .  Numbers i n  F ig .  4 

t o o  low t o  make s i m i l a r  c a l c u l a t i o n s .  



AVERAGE NUMBER MATINGS PER TEST 



Comparison of Male and Female Activity 

There was a noticeable difference between the 

character  of the  nating a c t i v i t y  of males and females 

(Fig. 5 ) .  Males tended t o  mate several  times o r  not a t  a l l ,  

whereas females tended t o  mate a t  l e a s t  once and a moderate 

number of times. For example, i n  t e s t s  conducted one t o  

two hours a f t e r  revival  of the insec ts ,  58% of the females 

mated a t  l e a s t  once, whereas only 46% of the males mated. 

This pa t te rn  persisted a t  f ive  t o  s i x  hours a f t e r  rev iva l ,  

96% of the females and 85% of the males mating a t  l e a s t  

once. Moreover, 2% and 15% of the males mated more than 

e ight  times per hour a t  one t o  two and f ive  t o  s i x  hours, 

respectively,  whereas 0% and 4% of the females mated more 

than eight  times during the same periods. Thus, there  i s  

soine tendency for  a few act ive males t o  se l ec t  females by 

chance. These data indicate tha t  there  i s  a delay of 

sexual maturation i n  some males, whereas females a re  more 

universally susceptible t o  mating i n  a shorter  period of 

time. 



Fig .  5 Comparison of mating a c t i v i t y  of male and 

female 2. l ineatwn a t  1-2 hours ( top)  and 

5-6 hours (bottom) pos t rev iva l .  N r e f e r s  

t o  number of specim:lns. 



(1-2 HR) MALES 

(5.6 HR) MALES 

(1-2 HR) FEMALES 
N=50 

0 1-2 3-4 5-6 7-8 9-10 11-12 0 1.2 3-4 5-6 7-8 9-10 11-12 
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Delay Before Maximum Matinq In tens i ty  

Immediately a f t e r  revival  from the overwintering 

condition, bee t les  mated very seldom; maximum a c t i v i t y  

occurred a f t e r  a delay of between two and f ive  hours 

(Fig. 6 ) .  Thus, a period of exposure t o  temperatures con- 

ducive t o  normal a c t i v i t y  i s  necessary before beet les  tha t  

a re  removed d i r e c t l y  from c h i l l i n g  temperatures become 

sexually ac t ive .  This maturation or "activation" period is  

probably associated with the secret ion of e s sen t i a l  hormones 

and/or perhaps pheromones, processes which commence only 

upon exposure of the reactivated individual  t o  temperatures 

t h a t  a re  stimulatory t o  metabolic a c t i v i t y  (Gilbert 1964). 

The phenomenon i s  probably not obvious i n  nature since f i e l d  

populations a re  exposed t o  increasing temperatures which 

revive metabolic a c t i v i t y  before emergence threshold temp- 

e ra tures  a r e  reached. The maturation lag  period observed 

i n  the  laboratory t e s t s  i s  probably an experimental a r t i f a c t  

produced by the immediate exposure of a chi l led ovexwinter- 

ing population t o  temperatures which induce emergence. 

The maturation lag suggested a means by which 

c e r t a i n  d e t a i l s  of maturation could be investigated. When 



Fig. 6 Effec t  of length  of  a c t i v a t i o n  on t he  

mating frequency of T. l ineatum (two 

t e s t s ,  with f r e sh  b e e t l e s ,  f o r  each per-  

iod)  . Tests performed March, 1970. 
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one sex was permitted only one hour exposure t o  room temper- 

a ture  and the other,  f ive  hours, there  was a sex-dependent 

e f f e c t  on mating a c t i v i t y  (Fig. 7 ) .  After one hour exposure, 

males did not mate act ively,  even with females tha t  had been 

warmed fo r  f ive  hours, but males warmed fo r  f ive hours were 

very act ive,  even with females warmed for  cnly one hour. 

Therefore, maturation of males accounts for  the majority of 

the delay i n  maximum mating z c t i v i t y ,  

A ce r t a in  degree of maturation of the female a l s o  

occurs since both one- and five-hour males mated more frequent- 

l y  with females tha t  had been warmed for  f ive  hours than with 

females t h a t  had been warmed fo r  one hour, although the 

e f f e c t  i n  both cases was s t a t i s t i c a l l y  ins igni f icant ,  When 

females warmed for  one hour were replaced by females warmed 

for  f ive  hours, the increased mating frequency of males was 

due t o  increased mating in tens i ty  of ac t ive  individuals, 

not t o  the ac t iva t ion  of nonmating invididuals (Table I ) .  

This indicates  tha t  females of a more prolonged act ivat ion 

period enhance the mating frequency of sexually mature males, 

presumably through the development of some form of exc i t -  

I 

atory st imulation.  That the males become more generally 

excited a t  a l a t e r  stage of ac t iva t ion  i s  suggested by the  



Fig .  7 E f f e c t  of  d i f f e r e n c e  i n  d u r a t i o n  of  a c t i -  

v a t i o n  time of  e i t h e r  sex  on mating f r e -  

quency i n  2. l ines twn ( t - t e s t  p r o b a b i l i t y  

l e v e l s  f o r  b a r s  numbered from t h e  l e f t  a re :  

b a r  1 versus  b a r  2 ,  p < -05; 

b a r  1 versus  b a r  3 ,  p < .025; 

b a r  1 versus  b a r  4, p  < .50; 

b a r  2 versus  b a r  3 ,  p > .50; 

b a r  2 versus b a r  4, p < . l o ;  

b a r  3  versus  b a r  4, p < - 0 5 ) .  



BOTH SEXES BOTH SEXES FEMALES, 5 HR MALES, 5 HR 
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obse rva t ion  t h a t  t h e  occurrence of copula t ion  a s  a pe rcen t  

o f  mating a t tempts  decreased from 13.4% of 67 matings i n  

t h e  one hour a c t i v a t i o n  sample t o  5.3% of 398 matings i n  

t h e  s i x  hour sample. This i n d i c a t e s  t h a t  t h e  male becomes 

more e x c i t e d  and mounts more o f t e n  wi th  o l d e r  females,  

Seasonal A c t i v i t y  

Brood Adults 

Dissec t ions  confirmed previous f ind ings  t h a t ,  i n  

brood female T. lineaturn, f r e s h l y  emerged from logs  i n  which 

t h e y  matured, t h e  o v a r i e s  appear mature but  do not con ta in  

developing oocytes  (Chapman 1955).  Mating a c t i v i t y  was 

n e g l i g i b l e  (1.3 matings pe r  test)  (Fig.  8 )  . However, two 

o f  t h e  s i x  observed matings terminated i n  copula t ion .  No 

d i s s e c t i o n s  were made t o  confirm inseminat ion.  However, 

Chapman (1954) observed t h a t  t h e  t e s t e s  of emerged brood 

males were of f u l l  s i z e  and contained mobile sperm, suggest-  

i n g  t h a t  males may be capable of inseminat ing females a t  

t h i s  t ime. I n  many spec ies ,  males produce sperm and a r e  

s e x u a l l y  a c t i v e  p r i o r  t o  diapause (Beck 1968).  
I 



Table I E f f e c t  of p o s t r e v i v a l  t ime on mating a c t i v i t y ,  

by sex, i n  x. l ineatum. Number of  r e p l i c a t e s  

same a s  i n  Fig.  7 .  

Pos t rev iva l  Number of Percent of Number of  
t ime p r i o r  i n d i v i d u a l s  ind iv idua l s  matings pe r  
t o  t e s t  t e s t e d  mating mating i n -  

d i v i d u a l  

d ? d ? d 9 

Both sexes ,  5 h r  20 20 

Both sexes,  1 h r  10 10 

Females, 5 hr ,  
Males, 1 h r  

Males, 5 h r ,  
Females, 1 h r  



Overwinterinq Populat ions 

When samples of an overwinter ing populat ion of  

T. l ineatum were warmed a t  monthly i n t e r v a l s  t o  t e n p e r a t u r e s  - 
conducive t o  locomotion and t e s t e d  f o r  sexual  a c t i v i t y  a f t e r  

f i v e  hours  a t  24  - + 1•‹c, an i n i t i a l  absence of sexua l  ac-  

t i v i t y  became apparent  (F ig .  8 ) .  Mating frequency was ve ry  

low i n  e a r l y  f a l l  and increased  g radua l ly  throughout t h e  

w i n t e r  u n t i l  February, when t h e r e  was an abrupt  i n c r e a s e  t o  

l e v e l s  approaching those  of normally a c t i v e  "spr ing"  popula- 

t i o n s .  Inc reas ing  mating a c t i v i t y  was due t o  both  i n c r e a s -  

i n g  numbers of p a r t i c i p a t i n g  i n d i v i d u a l s  and inc reas ing  mat- 

i n g  frequency o f  a c t i v e  i n d i v i d u a l s  (Table 11). 

Overwintering 2. l ineatwn become mobile when 

warmed, a response t h a t  i s  s i m i l a r  t o  t h a t  of a number of  

i n s e c t  s p e c i e s  t h a t  overwinter  i n  t h e  a d u l t  s t a g e  (Pat ton  

1963),  and which sugges ts  t h a t  i f  T. l ineatum undergoes a 

t r u e  d iapause ,  it i s  a shal low form of  diapause termed 

"h ibe rna t ion"  ( ~ a n i l e v s k i i  1965).  The p r i n c i p a l  f e a t u r e  of 

such a n  a d u l t  diapause i s  t h e  a r r e s t  o f  sexual  matura t ion  

(de Wilde 1964, Dani levski i  1965) .  
I 

A diapausing i n s e c t  i s  not  phys io log ica l ly  i n e r t ,  
. .  



Fig. 8 Mating a c t i v i t y  o f '  T. lineatwn a t  d i f f e ren t  

stages of adul t  l i f e .  
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Table I1 Changes i n  s e a s o n a l  mat ing a c t i v i t y ,  by sex ,  

i n  T. l ineaturn.  - N u m b e r  o f  r e p l i c a t e s  same 

as i n  F ig .  8. 

Seasona l  s t a g e  Number o f  Pe rcen t  of  Number of 
o f  b e e t l e s  i n d i v i d u a l s  i n d i v i d u a l s  mat ings  p e r  

t e s t e d  mat ing mating i n -  
d i v i d u a l  

Emerged brood 

Overwinter ing 
p o p u l a t i o n s  

O c t .  

Nov . 
Dec . 
Jan .  

Feb . 
M a r .  

Apr. 

P a r e n t s  

2 weeks i n  l o g  

4 weeks i n  l o g  

Emerged 



bu t  undergoes "diapause development" o r  l l r eac t iva t ion l l  pro- 

c e s s e s  which, when complete, permit  normal maturat ion t o  

recommence when t h e  i n d i v i d u a l  i s  re-exposed t o  temperatures  

conducive t o  normal development ( ~ a n i l e v s k i i  1965) . Cold- 

diapausing i n s e c t s  o f t e n  r e q u i r e  a  per iod of exposure t o  

c r i t i c a l  low temperatures  (0-10 '~)  before  r e a c t i v a t i o n  can 

occur (de Wilde 1964).  A g e n e r a l l y  accepted hypothesis  

(Gi lbe r t  1964) i s  t h a t  of Williams (1946), supported by t h e  

s t u d i e s  of Highnam (1958), t h a t  t h e  exposure of a  diapausing 

b r a i n  t o  low temperatures  conver t s  it t o  a  "competent" b r a i n ,  

i n  which m a t e r i a l  has  accumulated i n  t h e  median neurosecre- 

t o r y  c e l l s  (mnc) of t h e  p a r s  i n t e r c e r e b r a l i s .  This sub- 

s t ance  is requ i red  t o  s t i m u l a t e  t h e  corpora a l l a t a  t o  syn- 

t h e s i z e  juveni le  hormone (de Wilde 1964) . Exposure of  t h e  

r e a c t i v a t e d  i n d i v i d u a l  t o  h igh  temperatures  induces t h e  r e -  

l e a s e  of m a t e r i a l  from bo th  t h e  mnc and corpora a l l a t a ,  thus  

i n c r e a s i n g  t h e  hemolymph concen t ra t ion  of juveni le  hormone, 

r e s u l t i n g  i n  diapause t e rmina t ion  (de Wilde 1964, Gi lbe r t  

1964) .  

Because of g e n e t i c  and environmental  v a r i a t i o n s ,  
I 

t h e  r e a c t i v a t i o n  t imes of i n d i v i d u a l s  vary,  but  t h e  propor t ion  



of r e a c t i v a t e d  i n s e c t s  t ends  t o  inc rease  gradual ly throughout 

t h e  w i n t e r  u n t i l  sp r ing ,  when e s s e n t i a l l y  t h e  e n t i r e  d ia -  

pausing popula t ion  i s  r e a c t i v a t e d  and indiv iduals  resume 

development concurrent ly  fol lowing an  increase  i n  environ- 

mental  temperatures  t o  va lues  above the  threshold f o r  normal 

a c t i v i t y  ( ~ a n i l e v s k i i  1965) . I n  na tu re ,  r e a c t i v a t i o n  t r e n d s  

a r e  not  ev iden t  s i n c e  both  r e a c t i v a t e d  and nonreact ivated 

i n s e c t s  a r e  immobilized by cold .  A r t i f i c i a l  warming of  

overwinter ing 2. l ineatwn revealed r e a c t i v a t i o n  t r e n d s  i n  

reproduct ive  a c t i v i t y ,  confirming previous evidence o f  h i b e r -  

n a t i o n  i n  t h i s  s p e c i e s .  Inc reas ing  mating frequency i n  r e -  

a c t i v a t e d  i n d i v i d u a l s  l a t e r  i n  t h e  winter  (Table 11), demon- 

s t r a t e s  t h a t  t h e r e  i s  i n c r e a s i n g  sexua l  t ens ion  i n  r e a c t i -  

vated i n d i v i d u a l s ,  under prolonged s to rage .  These t e s t s  

a l s o  show t h a t  diapause i s  "broken" i n  the  major i ty  of t h e  

popula t ion ,  two t o  t h r e e  months be fo re  b e e t l e s  resume a c t i v -  

i t y  i n  t h e  f i e l d .  

Before February, t h e r e  was no evidence of insem- 

i n a t i o n  dur ing  mating, e i t h e r  through observat ion of  cop- 

u l a t i o n  o r  t h e  d i a g n o s t i c  presence of  masses of  sperm i n  t h e  . d 
. C lower reproduct ive  t r a c t  of t h e  fernale. However, i n  females 

d i s s e c t e d  a f t e r  f a l l  and e a r l y  w i n t e r  t e s t s ,  n ine  of t h i r t y -  



two females which had been mounted during a  t e s t ,  and four  

of twenty-six nonmounted females contained sperm w i t h i n  t h e  

spermatheca and assoc ia ted  "gland".  Of twenty females r e -  

moved from November and December diapause populat ions,  seven 

(35%) appeared, upon d i s s e c t i o n ,  t o  be emerged pa ren t s .  Two 

p a r e n t s  and one brood female contained l i v e  sperm i n  t h e  

spermatheca. These d i s s e c t i o n s  support  the  f indings  t h a t  

some p a r e n t s  h ibe rna te  a  second year  (chapman 1955, 1958a; 

Chapman and N i  j h o l t  1965) . Chz.pman (1958a) found t h a t  52% 

of t h e  females of  an autumn l i t t e r  sample and 37% of a  sp r ing  

l i t t e r  sample were emerged p a r e n t s .  These r e s u l t s  a l s o  show 

t h a t  brood females may be inseminated before o r  dur ing  con- 

finement t o  overwinter ing sites, i n d i c a t i n g  t h a t  t h e  matings 

t h a t  were observed among brood i n s e c t s  (Fig. 8) a r e  capable  

of  inseminat ion and occur n a t u r a l l y .  

~ "Sprinq" Adults and Excavatinq Parents  

The mating a c t i v i t y  of b e e t l e s  removed from s t o r e d  
I 

duff  i n  March and A p r i l  averaged 18.7 and 23.0 matings per  

I t e s t ,  r e s p e c t i v e l y  (Fig.  8 ) .  These d a t a  a r e  considered 'to 

be t y p i c a l  of sexua l ly  a c t i v e  "spr ing"  populat ions i n  na tu re ,  



s i n c e  overwinter ing popula t ions  have been known t o  emerge 

from h i b e r n a t i o n  and i n i t i a t e  h o s t  a t t a c k s  and sexual  ac- 

t i v i t y  during t h e s e  months. Following hos t  invasion,  

mating frequency decl ined cons iderably ,  f a l l i n g  t o  approxi- 

mately one h a l f  t h e  i n t e n s i t y  of t h e  "spr ingu populat ions 

two weeks a f t e r  log  e n t r y  and d e c l i n i n g  f u r t h e r  t o  6.0 

matings pe r  t e s t  a f t e r  four  weeks (Fig.  8 )  . 

Emerqed Parents  

m- - -L: ---- -L:  - - 2  L -  
L I I ~ :  l l laLuly SCLIVIL~ 01 parenis t h a t  had i e f t  t'ne 

h o s t  was almost n e g l i g i b l e  (2 .6  matings per t e s t )  (Fig. 8 ) .  

This f ind ing  i s  e luc ida ted  by t h e  observat ions of  Hadorn 

(1933) t h a t  seven of t e n  g a l l e r i e s  cons t ruc ted  by r e a t t a c k -  

i n g  females contained no male p a r t n e r s ,  and t h a t  t h e  sperm- 

a thecae  of  t h e s e  females contained r e s i d u a l  supp l i e s  of  l i v e  

sperm, sugges t ing  t h a t  sexual  a c t i v i t y  and reinseminat ion 

a r e  unnecessary during hos t  r e invas ion .  

Cross Matinqs Between Brood and 'Sprincf' Adults 

I 

I n  o rde r  t o  observe t h e  e f f e c t  upon mating i n t e n -  

s i t y  of a  n a t u r a l l y  a c t i v e  sex  p a r t n e r ,  brood a d u l t s  were 



exposed t o  "spr ing"  a d u l t s  of t h e  oppos i te  sex. Brood males 

were only  s l i g h t l y  s t imula ted  by sexua l ly  a c t i v e  l lspr ingl '  

females whereas "spr ing"  males were not  appreciably de te r red  

by t h e  youth of t h e i r  brood p a r t n e r s  (Fig.  9 ) ,  r evea l ing  

t h a t  t h e  lack  of sexual  a c t i v i t y  i n  brood b e e t l e s  i s  due 

p r i m a r i l y  t o  t h e  immaturity of t h e  male. However, i n h i b i t i o n  

of mating i s  p a r t i a l l y  female-dependent a s  wel l .  Both brood 

and "spr ing"  males mated s l i g h t l y  (although i n s i g n i f i c a n t l y )  

more f r equen t ly  wi th  "spr ing"  females than  brood females. 

Fur ther  a n a l y s i s  revealed t h a t  exposure of males t o  females 

of  a  d i f f e r e n t  l i f e  s t a ~ e  a l t e r e d  t h e  mating frequency of ac- 

t i v e  males b u t  d i d  not  a f f e c t  t h e  pe rcen t  of male p a r t i c i p a n t s  

(Table 111). These r e s u l t s  a r e  notably  s i m i l a r  t o  those  t h a t  

occurred when males and females of sexua l ly  a c t i v e  "spr ing"  

samples were allowed d i f f e r e n t  matura t ion  times (Fig.  7 ,  

Table I )  . Thus, s i m i l a r  t o  t h e  conclusions drawn from t h e  

matura t ion  t e s t s ,  it appears  t h a t  i f  a  male has ,  through i n -  

t r i n s i c  processes ,  reached a  s t a t e  whereby he i s  capable of  

recognizing and/or responding t o  a  female, t h e  ma tu r i ty  of  

t h e  female has  some e f f e c t  on h i s  mating i n t e n s i t y .  
I 



Fig.  9 E f f e c t  of t h e  a d u l t  l i f e  s t age  of e i t h e r  

sex on mating frequency i n  2. lineaturn. 
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DEVELOPMENTAL STAGE AND NUMBER OF REPLICATES 



Table 111 E f f e c t  o f  a d u l t  l i f e  s t a g e  on mating 

a c t i v i t y ,  by sex ,  i n  2, l ineatum.  N u m b e r  

o f  r e p l i c a t e s  same a s  i n  F ig ,  9. 

Developmental Number of  Percent  o f  N u m b e r  o f  
s t a g e s  of  i n d i v i d u a l s  i n d i v i d u a l s  mat ings  pe r  
t es t  beetles t e s t e d  mating mating i n -  

d i v i d u a l  

Spr ing  b e e t l e s  35 35 60 88 5.0 3.4 

Emerged brood 
beetles 

Brood males w i t h  
s p r i n g  females  30 30 

Spr ing  males w i t h  
brood females 30 30 



Frass  Bioassays 

Af te r  one hour of a c t i v a t i o n ,  11.7% of "spr ing"  

females and 45.7% of males o r i e n t e d  t o  a t t r a c t i v e  f r a s s ;  

a f t e r  f i v e  hours ,  31.9% of females and 53.2% of males r e -  

sponded. Between one and f i v e  hours ,  t h e  response of females 

increased  172%; of males, only  16%. Notably, males responded 

t o  f r a s s  a t  almost peak i n t e n s i t y  whi l e  s t i l l  sexua l ly  i m -  

mature bu t  females r equ i red  a pe r iod  of  maturation before  

response was marked. Hibernat ing males (~ecember  popula- 

t i o n s )  a l s o  responded q u i t e  s t r o n g l y  t o  f r a s s  (31.1%), while 

h i b e r n a t i n g  females showed a n e g l i g i b l e  response (4.7%) (E . 
Stokkink, pe r sona l  communication). 

2 

The r e s u l t s  suggest  t h a t  t h e  f r a s s  response of a 

male i s  not  d i r e c t l y  r e l a t e d  t o  sexua l  a c t i v i t y .  Frass  r e -  

sponse d id  not  fol low t h e  p a t t e r n  o f  mating a c t i v i t y ;  both  

h i b e r n a t i n g  and immature "spr ing"  inales responded almost a s  

s t r o n g l y  t o  f r a s s  odour a s  mature " sp r ing"  males. 

2 .  Department of B io log ica l  Sc iences ,  Simon Frase r  Univer- 

s i t y  



Juveni le  Hormone T e s t s  

Treatment of Both Sexes wi th  50 w q  of EFA 

Appl ica t ion  of  50 pg of  EFA t o  both  sexes of a 

'kpring"popu1ation sample caused complete i n h i b i t i o n  of  sexual  

a c t i v i t y  w i t h i n  one hour of  t reatment  (Fig. 1 0 ) .  This e f f e c t  

i s  extremely r a p i d  compared t o  most known e f f e c t s  of  hormone 

t rea tment ,  and i s  t h e  f i r s t  demonstration of induct ion  of  

mating i n h i b i t i o n  i n  i n s e c t s  by t rea tment  wi th  juveni le  hor-  

mone. Mating frequency of t r e a t e d  b e e t l e s  increased grad- 

u a l l y  w i t h  t ime, b u t  remained s i g n i f i c a n t l y  depressed from 

t h e  ace tone- t rea ted  and unt rea ted  c o n t r o l s  ( t - t e s t ,  p < 0-10)  

u n t i l  48 hours pos t t rea tment ,  when EFA-treated specimens mated 

a t  a l e v e l  s l i g h t l y  h igher  than  t h e  c o n t r o l s .  This apparent  

s t i m u l a t i o n  of  mating r e s u l t e d  from extremely i n t e n s e  ac- 

t i v i t y  i n  two of  t h e  s ix  r e p l i c a t e s  (47 and 53 matings i n  

t h e  hour t e s t ) .  U n t i l  48 hours,  inc reas ing  mating a c t i v i t y  

was caused by bo th  inc reas ing  nunibers,of p a r t i c i p a n t s  and 

i n c r e a s i n g  mating frequency of  a c t i v e  b e e t l e s  b u t ,  between 2 4  

and 48 hours ,  t h e  r a p i d  r i s e  i n  mating a c t i v i t y  was produced 

p r i m a r i l y  by t h e  h igher  frequency of  mating by t r e a t e d  b e e t l e s  
I 

(most notably  males) a s  compared t o  t h e  c o n t r o l s ,  even 



Fig. 10 E f f e c t  of t rea tment  of both  sexes of T. 

l ineatum wi th  50 y,g EFA on mating a c t i v i t y  

a t  d i f f e r e n t  t imes pos t t rea tment .  Mating 

a c t i v i t y  of EFA-treated ind iv idua l s  s i g -  

n i f i c a n t l y  lower than  unt rea ted  o r  acetone 

c o n t r o l s  ( t - t e s t ,  p  < .01, -005; p  < .005, 

.005; p  C -10, -025; p  C .01, . O 1  f o r  

acetone and unt rea ted  c o n t r o l s  a t  1 -2 ,  5-6, 

11-12 and 23-24 hours,  r e s p e c t i v e l y )  except  

a t  47 t o  48 hours .  Higher a c t i v i t y  of EFA- 

t r e a t e d  i n d i v i d u a l s  a t  47 t o  48 hours no t  

s i g n i f i c a n t l y  ( t - t e s t ,  p  < -50) d i f f e r e n t  

from unt rea ted  and acetone c o n t r o l s ,  respec-  

t i v e l y .  



UNTREATED CONTROL a ACETONE CONTROL C] 
EFA-TREATED 

POSTREVIVAL TIME (HOURS) AND NUMBER OF REPLICATES 



though a large number of t reated males remained inactive 

(Table I V ) .  The trend indicates tha t  the dramatic r i s e  i n  

mating a c t i v i t y  i n  some t e s t s  a t  48 hours i s  not due t o  the 

same fac tors  a s  were the previous increases, but tha t  ac t ive  

males a r e  suddenly stimulated t o  mate very abundantly. A l -  

though t h i s  change could be due t o  fac tors  i n t r i n s i c  i n  the 

males, previous observations of mating data (Tables I ,  111) 

suggest t h a t  these males were excited by the t reated females. 

Further evidence w i l l  be presented l a t e r .  

Treatment of Either Sex with 50 ~g EFA 

I n  order t o  elucidate the source of mating inhibi-  

t ion,  sexes were treated individually with 50 pg of EFA and 

exposed -to untreated specimens of the opposite sex. When 

males alone were t reated (Fig. ll), mating a c t i v i t y  was very 

s imilar  t o  tha t  when both sexes were t rea ted .  When females 

alone were t rea ted ,  mating a c t i v i t y  was somewhat greater  than 

a f t e r  treatment of both sexes ( t - t e s t ,  p < -50) .  Both segre- 

gated treatments were s igni f icant ly  d i f f e ren t  from t h e i r  

acetone controls  ( t - t e s t ,  p < . O 1  and p < .10 fo r  males and 

females, respec t ive ly) ,  but nei ther  was s igni f icant ly  d i f -  

ferent  ( t - t e s t ,  p < - 5 0  and p > .50 fo r  males and females, 
* 

respectively) from the untreated controls which performed a t  
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Fig .  11 Ef fec t  on mating a c t i v i t y  of  t reatment  

of  e i t h e r  sex of T. l ineatwn wi th  50 p g  

EFA. Beet les  t e s t e d  5-6 hours after 

t rea tment .  



BOTH SEXES MALES ONLY MALES ONLY FEMALES ONLY FEMALES ONLY BOTH SEXES 
50 pg EFA 50pg EFA .5 AACETONE 50 pg EFA .5hACETONE UNTREATED 

N=2 N=4 N=4 N=3 N=4 N=4 

TREATMENT AND NUMBER OF REPLICATES 



an  unusual ly  low l e v e l .  

Reduction i n  mating frequency when males were 

t r e a t e d  wi th  hormone r e s u l t e d  from a reduct ion  i n  t h e  num- 

b e r  o f  mating ind iv idua l s  only;  t h e r e  was l i t t l e  e f f e c t  on 

t h e  mating frequency of  a c t i v e  males (Table V ) .  Repression 

of mating i n  t h e  EFA-treated groups appears  t o  be due t o  i n -  

h i b i t i n g  phys io log ica l  in f luences  on t h e  male and, t o  a 

l e s s e r  degree,  t h e  female. However, observa t ion  of some mor- f 
\ 

t a l i t y  i n  t r e a t e d  male specimens r a i s e s  t h e  p o s s i b i l i t y  t h a t  

t h e  healthy-appearing i n d i v i d u a l s  used i n  t h e  t e s t s  may have 

been pharmacologically incapac i t a t ed .  Nevertheless,  t h e  

e f f e c t  on mating was much more prominent when males were 

t r e a t e d .  

The a c c e l e r a t i o n  of mating of  hormone-treated spec i -  

mens a t  48 hours (Fig. 10)  was probably due t o  increased sex- 

u a l  a c t i v i t y  o f  t h e  females. Two t e s t s  i n  which females were 

t r e a t e d  wi th  50 pg EFA and he ld  f o r  2 4  hours before  be ing  

exposed t o  unt rea ted  males he ld  f o r  s i x  hours ,  revealed 

c o n s i s t e n t l y  g r e a t e r  mating a c t i v i t y  than  c o n t r o l  females of  

t h e  same a c t i v a t i o n  period (35.5, 15.5 and 7 .0 matings p e r  

t e s t  a f t e r  EFA, acetone and no t rea tment ,  r e s p e c t i v e l y ) .  . 
One can  assume t h a t  t r e a t e d  males do no t  undergo a s i m i l a r  



Table V Mating a c t i v i t y  by sex  following t reatment  of 

e i t h e r  sex of x. lineaturn wi th  50 pg EFA. 

Number of r e p l i c a t e s  same a s  i n  Fig.  11. 

Treatment Number of Percent  of Number of 
i n d i v i d u a l s  i n d i v i d u a l s  matings per  
t e s t e d  mating mating i n d i -  \ 

v idua l  

Both sexes 
50 pg EFA 

Males only 
50 p g  EFA 

Males on ly  
.5 h Acetcne 

Females only 
50 pg EFA 

Females only  
.5 h Acetone 

Both sexes 
Untreated 



t r e n d  s i n c e  mating a c t i v i t y  when b o t h  sexes  were t r e a t e d  was 

lower t h a n  t h e  c o n t r o l s  a t  24 hour s  (F ig .  1 0 ) .  Since t r e a t -  

ment o f  females on ly  d i d  no t  r e s u l t  i n  a c c e l e r a t e d  a c t i v i t y  

a t  f i v e  t o  s i x  hours  p o s t t r e a t m e n t  (Fig .  l l) ,  it appea r s  t h a t  

t h e i r  a c t i v i t y  a l s o  i n c r e a s e s  w i t h  t ime .  One hypo thes i s  

which would e x p l a i n  t h e  t r e n d  o f  a c t i v i t y  d i sp l ayed  i n  Fig-  

u r e  10 i s  t h a t  d e c r e a s i n g  c o n c e n t r a t i o n s  of  hormone, th rough  

m e t a b o l i z a t i o n  and/or e x c r e t i o n ,  r e s u l t e d  i n  d imin ish ing  i n -  

h i b i t i o n  o f  t h e  male, and,  t o  a  lesser e x t e n t ,  t h e  female,  

as w e l l  a s  i n c r e a s i n g  s e x u a l  a c t i v i t y  o f  t h e  female.  

Treatment o f  Both Snxes w i t h  Doses of EFA Lower t han  50 w q  

Since  t h e r e  i s  ev idence  t h a t  juveni le  hormone i s  

neces sa ry  t o  augment mating a c t i v i t y ,  a n  e f f o r t  was made t o  

f i n d  c o n c e n t r a t i o n s  o f  EFA lower t h a n  50 pg t h a t  would en- 

hance mat ing a f t e r  one hour  o f  a c t i v a t i o n  t o  i n t e n s i t i e s  

approaching t h o s e  a t  f i v e  t o  s i x  hour s ,  by o b v i a t i n g  t h e  

t i m e  d e l a y  r e q u i r e d  f o r  n a t u r a l  s e c r e t i o n .  Although t h e  50 

p,g dose induced t h e  p r e d i c t e d  i n h i b i t i o n ,  w i t h  a  s i n g l e  ex-  

c e p t i o n  t h e r e  was no s t i m u l a t i o n  o f  mating a c t i v i t y  by l'ower 

doses  (F ig .  12) and none were a b l e  t o  a c c e l e r a t e  mating f r e -  



Fig.  1 2  Mating i n t e n s i t y  of  2. l.i.neatwn 1 and 5 

hours a f t e r  a p p l i c a t i o n  of  d i f f e r e n t  

concent ra t ions  of  EFA t o  both sexes.  
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quency t o  l e v e l s  comparable t o  those  a t  f i v e  t o  s i x  hours .  

The sexual  a c t i v i t y  of b e e t l e s  t r e a t e d  with 0.05 pg EFA was 

g r e a t e r  ( t - t e s t ,  p  < 0.10) than  t h a t  o f  untreated c o n t r o l s  

a t  one hour pos t t rea tment ,  a l though not  d i f f e r e n t  from t h e  

acetone c o n t r o l s .  The enhanced mating a c t i v i t y  was due 

p r i m a r i l y  t o  increased mating frequency of a c t i v e  ind iv id -  

u a l s  and a c t i v a t i o n  of t h e  popula t ion  t o  a p a r t i c i p a t i o n  

l e v e l  c h a r a c t e r i s t i c  of more mature ind iv idua l s  a t  5-6 hours 

d i d  no t  occur (Table V I )  . The e f f e c t ,  although very weak, 

i s  s t i l l  considered v a l i d  due t o  t h e  cons i s t en t  t rend  of 

dose e f f e c t  a t  1-2 hours.  

E f f e c t  of EFA on Ovary Development 

Topical  a p p l i c a t i o n  of 50 pg EFA induced t y p i c a l  

ovary matura t ion  (Fig. 13) . Within 48 hours, ova r io les  of 

t r e a t e d  females were s i g n i f i c a n t l y  l a r g e r  than  those of both  

c o n t r o l s  ( t - t e s t ,  p  < . l o )  . Increased s i z e  was due t o  both 

e longa t ion  of  t h e  ovar io le  and t h e  production and growth of 

oocytes  (Fig.  1 4 ) .  Yolk depos i t ion ,  charac ter ized  by i n -  

creased d e n s i t y  of t h e  oocytes (Chapman 1955),  was evident  

i n  developed o v a r i o l e s .  The appearance of t h e  ovar io les  of 



Fig. 13 Effect  of appl icat ion of 50 pg EFA t o  

female 2. lineaturn on ovary s i z e  a t  

d i f f e r e n t  times posttreatment.  Each 

r ep l i ca t e  represents the average ovar- 

i o l e  s i ze  of one female. 



UNTREATED CONTROL ACETONE CONTROL 

EFA-TREATED 

24 HRS 48 HRS 72 HRS 96 HRS 120 HRS 

N=13,12,13 N=20,18,24 N=21,18,19 N=9,11,22 N=16,10,10 

POSTTREATMENT TIME AND NUMBER OF REPLICATES 



Fig .  14 Plane su r face  p r o j e c t i o n s  of t y p i c a l  

o v a r i o l e s  excised from female 2. j&- 

eatum following d i f f e r e n t  t reatments .  

A-C., No, acetone,  and EFA t rea tments ,  

r e s p e c t i v e l y ,  120 hours post t reatment;  

D . ,  Egg-laying female, 2 weeks i n  log  

i n  t h e  f i e l d .  





t r e a t e d  females, 120 hours fol lowing a p p l i c a t i o n ,  was very 

s i m i l a r  t o  t h a t  of egg-laying females removed from logs  two 

t o  four  weeks a f t e r  invas ion  (Fig.  1 4 ) .  These observat ions  

support  t h e  hypothesis  t h a t  egg maturat ion i s  regula ted  by 

t h e  corpora a l l a t a  i n  t h i s  s p e c i e s .  

Previous observat ions  l ed  t o  t h e  hypothesis  t h a t  

t h e  i n t e r n a l  concen t ra t ion  of  EFA d e c l i n e s  wi th  time (Fig.  

10)  and one would expect  t h a t  very  l i t t l e ,  i f  any, of t h e  

app l i ed  hormone remains i n  t h e  system by 120 hours.  However, 

a s  suggested by Sahota (1970), perhaps only an i n i t i a l  quan- 

t i t y  of hormone of s u f f i c i e n t  t i t e r  i s  necessary t o  " a c t i v a t e f 1  

yolk depos i t ion  processes .  Appl ica t ion  of 0.05 pg EFA d id  not  

induce egg maturat ion by 120 hours ,  al though the  same dose 

was s t imula to ry  t o  mating a t  one t o  two hours.  This dose 

was probably not  of s u f f i c i e n t  t i t e r  t o  f f a c t i v a t e "  yolk de- 

p o s i t i o n .  

Concludinq Discussion 

The hindguts  and f r a s s  of excavat ing female T. l i n -  - - 
eatum con ta in  a  pheromone wi th  both  populat ion aggregat iqg 

and sex a t t r a c t a n t  p r o p e r t i e s  (Rudinsky and Daterman 1964a,b; 

Chapman 1966).  Since sex  a t t r a c t a n t s  a r e  o f t e n  c l o s e l y  



associated with mating st imulation (Karlson and Butenandt 

1954, Jacobsen 1965), pheromone produced by females was 

hypothesized a s  the major regulator of sexual a c t i v i t y  i n  

3 
T. lineatum (J. H. Borden, personal communication). How- - 
ever, i t  can be concluded tha t  the predominant regulation of 

mating a c t i v i t y  i n  2. lineaturn i s  not through a l t e ra t ions  i n  

the a t t r a c t i v i t y  of the female. The exposure of immature t o  

mature members of the opposite sex of a "spring" population 

(Fig. 7, Table I ) ,  the exposure of brood t o  "spring1' bee t les  

of the  opposite sex (Fig. 9, Table 111), and, the  treatment 

of e i t h e r  sex with inhib i t ing  doses of EFA (Fig. 11, Table V) 

showed tha t  the physiological s t a t e  of the male has a much 

more profound e f f e c t  on mating than t h a t  of the female. 

Since mating a c t i v i t y  i s  very close t o  maximum levels  a t  

f ive  t o  s i x  hours postrevival (Fig. 6; Fig. 10, untreated 

controls)  , the a c t i v i t y  of the male probably determines 

mating in tens i ty  throughout the period of natural  sexual 

a c t i v i t y .  

3 .  Department of Biological Sciences, Simon Fraser Univer- . 
s i t y  



The mysterious a c c e l e r a t i o n  of t h e  mating a c t i v -  

ity of  females 2 4  hours fol lowing t rea tment  wi th  50 yg EFA 

was no t  observed a s  a n a t u r a l  phenomenon, even when un- 

t r e a t e d ,  v i r g i n  females were he ld  f o r  120 hours and then  

exposed t o  males t h a t  had been he ld  f o r  s i x  hours (120-hour 

females,  12.0; six-hour females, 16.5; n = 2 ) .  The mating 

a c t i v i t y  of v i r g i n  females producing a t t r a c t i v e  f r a s s  

(63.3% response by 49 males) removed from t h e  l o g  f i v e  days 

a f t e r  l o g  e n t r y  was a l s o  not  a c c e l e r a t e d  (19.5 matings, a s  

compared t o  19.5 f o r  six-hour c o n t r o l  females; n = 2 ,  both  

t e s t s ) .  It i s  concluded t h a t  t h i s  hormone-produced acce l -  

e r a t i o n  does not  occur i n  na tu re .  

Although some behavioural  observa t ions  i n d i c a t e  

t h a t  some form of  chemostimulation by t h e  females i s  l i k e l y  

i n  T. l ineatum, the  sex a t t r a c t a n t  r e l eased  by excavat ing 

females i s  probably not i n t i m a t e l y  a s soc ia ted  wi th  sexual  

a c t i v i t y .  Males t h a t  were i n  a s t a g e  unresponsive t o  sex- 

u a l l y  mature females were h igh ly  responsive t o  pheromone 

conta in ing  f r a s s ,  i n d i c a t i n g  t h a t  t h e  s t i m u l i  involved i n  

each a c t i v i t y  may be d i f f e r e n t .  The pheromone is re leased  



by b o t h  mated and v i r g i n  females excavat ing i n  wood (Rud- 

insky and Daterman 1964a,b; Castek,  Barbour and Rudinsky 

1967; Schneider and Rudinsky 1969a,b; Borden and S l a t e r  

1969; N i j h o l t  1970) .  Excavating b e e t l e s  show l i t t l e  i n t e r -  

e s t  i n  sexual  a c t i v i t y  (Fig.  8 )  . A f t e r  a period of excav- 

a t i o n ,  a female does not  emerge t o  t h e  log sur face  t o  mate 

(Chapman 1966).  Mating w i t h i n  a tunne l  i s  phys ica l ly  i m -  

p o s s i b l e  (Hadorn 1933) and t h e  l ike l ihood  of  mating a t  a 

tunne l  b i f u r c a t i o n  i s  s l i g h t ,  s i n c e  t h e  female i s  unco- 

opera t ive  sexua l ly .  I n  a d d i t i o n ,  most mating occurs  on 

t h e  log  su r face  during t h e  i n i t i a l  a t t a c k  (Hadorn 1933) o r  

upon emergence from overwinter ing s i t e s .  Therefore, t h e  

excavat ing female is  not  a t t r a c t i n g  males f o r  mating. How- 

e v e r ,  t h e  presence of  a male may be b e n e f i c i a l  i n  o t h e r  

ways s i n c e  Chapman (1959) noted t h a t  more o f f sp r ing  a r e  

produced when a male i s  p resen t  i n  t h e  g a l l e r y .  The pher- 

omone probably se rves  t h e  primary funct ion  of a t t r a c t i n g  

both sexes t o  a s u i t a b l e  h o s t ,  s i n c e  h o s t s  a r e  r e l a t i v e l y  

r a r e  i n  na ture  (see Atkins 1966).  The apparent sex a t t r a c -  

tancy  of  t h e  pheromone may be due t o  a s t ronger  s e l e c t i o n  

p ressu re  f o r  t h e  male t o  respond t o  t h e  aggregat ing pher- 

omone because of a d d i t i o n a l  mating oppor tun i t i e s  when he 



a r r i v e s  a t  a source concurrent ly  wi th  o ther  females. 

Mult iple  mating i s  a common occurrence i n  i n s e c t s  

(Davey 1965).  2. lineaturn dispLayed a considerable  number 

of  mating a t tempts  (Fig.  3 ,  5 ,  6)  a s  we l l  a s  both polygyny 

and polyandry. However, i n  t h e  f i e l d ,  males and females 

have been observed t o  remain toge the r  f o r  t h e  e n t i r e  dur-  

a t i o n  of sexual  a c t i v i t y  wi thout  mul t ip le  matings o r  i n t e r -  

fe rence  by o t h e r  males (Hadorn 1933) . Therefore, many of 

t h e  phenomena t h a t  occurred under t h e  crowded condi t ions  of 

t h e s e  experiments may be r a r e  i n  na tu re ,  although t h e  t e s t s  

probably i l l u s t r a t e  maximum sexua l  a c t i v i t y  under optimum 

cond i t ions  f o r  c o n t a c t .  A h igh  degree of sexual  t ens ion  

may expose t h e  populat ion t o  s e v e r a l  dangers,  inc luding  a t -  

t r a c t i o n  of p reda to r s  and wasted sperm (Richards 1927).  

However, i f  t h e  female does not  mate once she has entered  

t h e  h o s t ,  cons iderable  a c t i v i t y  would ensure t h a t  most f e -  

males would be mated dur ing  t h e  b r i e f  period p r i o r  t o  log 

invas ion ,  an  advantage probably outweighing the  hazards.  

There i s  cons iderable  evidence thi:t t h e  reproduc- 

t i v e  development and mating a c t i v i t y  of  2. lineatum i s  reg-  . 
u la ted  by t h e  corpora a l l a t a .  J u s t  a f t e r  ec los ion  and p r i o r  

t o  h ibe rna t ion ,  when juveni le  hormone concent ra t ions  would 



be expected t o  be extremely low, brood a d u l t s  mate very 

l i t t l e  (Fig.  8 ,  Table 11). The ovar i e s ,  al though f u l l y  

developed, r a r e l y  show s i g n s  of oogenesis.  Throughout 

h ibe rna t ion ,  t h e r e  i s  an e a r l y  gradual ,  and l a t e r  abrupt ,  

i nc rease  i n  t h e  propor t ion  of i n s e c t s  t h a t  a r e  sexua l ly  

a c t i v e  upon warming, inc luding  v i r t u a l l y  t h e  e n t i r e  pop- 

u l a t i o n  by February (Fig.  8 ,  Table 11) . This t r end  i n d i -  

c a t e s  t h a t  " r e a c t i v a t i o n "  does occur (i .e . ,  diapause is  

b roken) .  

Following a c t i v a t i o n  from h ibe rna t ion  i n  t h e  

s p r i n g  ( ~ p r i l )  when moderate q u a n t i t i e s  of juveni le  hor- 

mone a r e  expected t o  be r e l e a s e d ,  b e e t l e s  mate abundantly 

i n  t h e  l abora to ry  (Fig.  8 ,  Table 11) and, i n  na ture ,  on t h e  

log  s u r f a c e s  (Chapman 1954, 1962) . Moreover, low doses of  

EFA s t imula ted  mating a c t i v i t y  i n  immature specimens (Fig.  

12,  Table VI) . The ovar i e s  of v i r g i n  females o f t e n  con- 

t a i n  mature oocytes i n  t h e  primary s t a g e s  of yolk deposi-  

t i o n  (Chapman 1955) .  Females i n  t h e  e a r l y  s t ages  of g a l -  

l e r y  cons t ruc t ion ,  when i n t e r n a l  juveni le  hormone concen- 

t r a t i o n s  a r e  t h e o r e t i c a l l y  h igher ,  have g r e a t l y  en1arge.d 

o v a r i e s  (Fig.  14)  (Chapman 1958a) .  S imi lar  development was 

induced by t h e  a p p l i c a t i o n  t o  nonexcavating, v i r g i n  females, 



of 50 pg of EFA (Fig. 13, l 4 ) ,  but  not 0.05 pg EFA. Parents 

removed from logs two and four weeks a f t e r  natura l  en t ry ,  

have g r e a t l y  diminished mating a c t i v i t y  (Fig. 8,  Table 11) 

coinciding with the  egg laying a c t i v i t y  of the  females. 

I t  i s  hypothesized t h a t  high doses of juvenile hormone ana- 

log (Fig. 10, Table Iv) may teinporarily create  a  physiologi- 

c a l  condit ion s imi la r  t o  t h a t  of excavating parents .  
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