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THE INFLUENCE OF HOST HIBERNATION ON 
HYMENOLEPIS CITELLI (McLEOD, 1933)

INTRODUCTION

H ib e rn a t io n ,  which i s  b e n e f i c i a l  f o r  a h o s t  s p e c i e s ,  

appears  to  be a b a r r i e r  f o r  many of  the  p a r a s i t e s  o f  such 

h o s t s .  Kayser ( I 96I)  t h e o r i z e d  t h a t  h i b e r n a t i o n  i n c r e a s e s  

the  r e s i s t a n c e  of  h o s t s  to  v a r io u s  p a r a s i t i c  organisms.

Such r e s i s t a n c e  i s  p robab ly  due to  mechanical  and p h y s io ­

l o g i c a l  i n t e r f e r e n c e s  r a t h e r  than  to a n t i b o d y - a n t i g e n  

i n t e r a c t i o n s  s in c e  s e v e r a l  r e p o r t s  show a d ec rea se  i n  the  

g e n e ra l  immune re sp o n se  of  animals du r in g  h i b e r n a t i o n  or 

hypothermia ( B i s s e t ,  19^8; C a h i l l  ^ a l . ,  1967; J a r s lo w  and 

Smith, 1961 ; Schmidt , 1963). T h ere fo re ,  f o r  the  s u c c e s s f u l  

con t inuance  as a s p e c i e s  i n  t h i s  type o f  a s s o c i a t i o n ,  the  

p a r a s i t e  must a d a p t ,  i n  some phase  of  i t s  l i f e  c y c l e ,  fo r  

s u r v i v a l  when the  d e f i n i t i v e  h o s t ' s  core  t em pera tu re  may 

f a l l  to  as low as 2 C. I n e v i t a b l y ,  a d a p t a t i o n s  of  a p a r a ­

s i t i c  sp e c ie s  to  a h i b e r n a t i n g  h o s t  s p e c ie s  must occur i n  

the  i n t e r m e d ia t e  s t a g e s  i f  the  a d u l t  form does no t  s u rv iv e ,  

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

s h o r t .  Babero ( I960)  sugges ted  t h a t  the  e x te n s iv e  l a r v a l

1
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m ig ra t io n  of  A sca r is  l a e v i s  Leidy ,  1856 i n  Alaskan marmots 

may be an a d a p t a t i o n  to  h i b e r n a t i o n .

The n a tu r e  of  such a h o s t - p a r a s i t e  a s s o c i a t i o n  i s  

p o o r ly  d e f in e d  bu t  i s  obv io u s ly  complex when the  h o s t  can 

su rv ive  f o r  s e v e r a l  months w i th  a r e l a t i v e l y  low body tem­

p e r a t u r e ,  whi le  the  p a r a s i t e  succumbs to  the  cooled e n v iro n ­

ment even though as  a s p e c ie s  i t  may have evolved w i th  the  

h o s t  s p e c i e s .  The i n a b i l i t y  to  su rv ive  wide tem pera tu re  

f l u c t u a t i o n s  i s  most e v id e n t  i n  those  p a r a s i t e s  which do not  

normally  occur  i n  h i b e r n a t i n g  h o s t s .  For example, i n  

T r i c h i n e l l a  s p i r a l i s  (Owen, 1835) development i s  slowed and 

v i a b i l i t y  reduced i n  h ib e r n a t i n g  ham s te rs ,  dormice,  and 

b a t s ,  p a r t i c u l a r l y  i f  h i b e r n a t i o n  occurs w i t h i n  72 hours  

p o s t i n f e c t i o n  (Chute ,  1960a, 1961, 1964; Chute and Covalt ,  

I960) .  Of r e l a t e d  i n t e r e s t  i s  the  r e p o r t  by Munchberg and 

Khiewal ler  ( I960)  t h a t  T. s p i r a l i s  l a r v a e  w i l l  su rv iv e  

f r e e z in g  i n  pork  a t  -8  C f o r  45 days.  However, a 10 minute 

exposure a t ' -10 C i s  r e p o r t e d  by Shaver (1952) to  have 

k i l l e d  T. s p i r a l i s  l a r v a e .  Some p a r a s i t i c  an imals  or  t h e i r  

in te r m e d ia t e  s t a g e s  can be kep t  v i a b l e  i n  a r e f r i g e r a t e d  

water  medium with  no a p p a re n t  consequence, whi le  s u r v i v a l  

time of  the  same organisms i n  a h ib e r n a t i n g  h o s t  i s  reduced 

(Chute,  1964; Ford and Lang, i n  p r e s s ) .  A p r e l im in a r y  i n ­

v e s t i g a t i o n  i n d ic a t e d  t h a t  F a s c io la  h e p a t i c a  (L innaeus)  i n  

h i b e r n a t i n g  C i t e l l u s  t r i d e c e m l i n e a t u s  t r i d e c e m l i n e a t u s  

( M i t c h i l l )  i s  e l im in a te d  i f  the  f lu k e  reaches  the  common
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b i l e  duc t  b e fo re  the  in d u c t io n  of  h i b e r n a t i o n  (Ford and 

Lang, i n  p r e s s ) .  On the  o th e r  hand, i t s  rae tace rca r iae  may 

su rv ive  r e f r i g e r a t i o n  a t  7-10 0 fo r  a year  or more. This 

in fo rm a t io n  su gges ts  t h a t  the  concomitant  change i n  h o s t  

phys io logy  dur ing  h i b e r n a t i o n  may be a g r e a t e r  f a c t o r  i n  the 

s u r v i v a l  of  a p a r a s i t e  than  i s  the  low tem pera tu re  a lo n e .

Severa l  i n v e s t i g a t o r s  have a t tem pted  to  demonstra te  

the  d e t r i m e n t a l  or b e n e f i c i a l  e f f e c t s  of h o s t  h i b e r n a t i o n  

on p a r a s i t e s .  Blanchard (1903a,  b) and Blanchard and B l a t i n  

( 1907) p r e s e n te d  exper im en ta l  evidence t h a t  h i b e r n a t i o n  i n  

marmots p ro v id es  p r o t e c t i o n  a g a i n s t  he lm in ths  i n  g e n e ra l  and 

p a r t i c u l a r l y  a g a i n s t  l e t h a l  i n f e c t i o n s  of Trypanosoma b ru ce i  

Plimmer and Bradford .  Su rv iva l  of p a r a s i t e s  n a t u r a l l y  oc­

c u r r in g  i n  h i b e r n a t o r s  seems to be dependent upon both the  

sp e c ie s  concerned and the  d u r a t io n  of  continuous h i b e r n a ­

t i o n .  Simitch and P e t r o v i t c h  (195*+) r e p o r t e d  t h a t  s e v e r a l  

i n t e s t i n a l  p ro tozoa  of C i t e l l u s  c i t e l l u s  Linnaeus remain in  

the  h o s t  dur ing  h i b e r n a t i o n  while  o th e r s  a r e  e l im in a te d ,  

depending on th e  dep th  and d u r a t io n  of  h i b e r n a t i o n .  Various 

he lm in ths  a re  a l s o  e l im in a te d  w i th in  10 to  25 days a f t e r  the 

onse t  o f  h i b e r n a t i o n .  Examination of 13 woodchucks, Marmota  

monax (L in n a eu s ) ,  a t  the  end of  h ib e r n a t i o n  by Chute (1960b) 

r e v e a le d  s e v e r a l  nematodes which p robab ly  ove rw in te red  in  

these  an im a ls .  Dery (I960) demonstra ted  t h a t  growth and 

development o f  Schistosomatium d o u t h i t t i  Oort ,  191*+ a re  r e ­

ta rded  but  t h a t  r e p r o d u c t io n  can occur i n  h i b e r n a t i n g  ground
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s q u i r r e l s  i n  which p e r i o d i c  a ro u s a l s  occur .  Conversely,  

N ippostrongylus b r a s i l i e n s i s  (T ravassos ,  191*+) i s  found no t  

to  su rv iv e  i n  h i b e r n a t i n g  C i t e l l u s  t r id e c e m l in e a tu s  ( C a h i l l  

e t  a l . , 1967)* Schmidt e t  a l .  ( I960)  recovered  c o l i fo rm  

b a c i l l i  and f e c a l  s t r e p to c o c c i  from h i b e r n a t i n g  ground 

s q u i r r e l s  and no ted  t h a t  p s y c h r o p h i l i c  organisms a c t u a l l y  

in c re a s e d  i n  some of  th ese  an im als .  Schmidt (1963) found 

t h a t  Coxsacki B-3 v i r u s  can su rv ive  i n  h i b e r n a t i n g  a r c t i c  

ground s q u i r r e l s  whereas the  v i r u s  i s  e l im in a te d  from a c t iv e  

animals  w i th in  5 days a f t e r  i n o c u l a t i o n .

The fo rego ing  r e p o r t s  sugges t  t h a t  s u r v i v a l  of  p a ra ­

s i t i c  organisms i n  h ib e r n a t in g  h o s t s  depends i n  p a r t  on the  

tem pera ture  t o l e r a n c e  of the  p a r a s i t e  sp e c ie s  involved  p lu s  

the  depth  and d u r a t i o n  of the  h ib e r n a t i n g  p e r i o d .  Even 

though th e r e  a r e  s e v e r a l  r e p o r t s  on h o s t - p a r a s i t e  r e l a t i o n ­

sh ips  among h ib e r n a t in g  h o s t s ,  Dery (I960) i s  the  only i n ­

v e s t i g a t o r  who has a t tem pted  to  demonstra te  a n a l y t i c a l l y  the 

in f lu e n c e  o f  h i b e r n a t i o n  on a p a r a s i t e .  He c r i t i c a l l y  

ev a lua ted  the  growth and development of S. d o u t h i t t i  i n  the  

13- l i n e d  ground s q u i r r e l .  His work has the  u n d e s i r a b l e  

f e a t u r e  of the  p a r a s i t e  being abnormal to  the 1 3 - l ined  

ground s q u i r r e l .  This h o s t  has been r e p o r t e d  by some workers 

to  be r e f r a c t o r y  to  S. d o u t h i t t i . Most o th e r  workers a l s o  

u t i l i z e d  u n n a tu r a l  p a r a s i t e s  i n  the  h i b e r n a t i n g  h o s t .

My i n v e s t i g a t i o n  was designed to  ana lyze  and d e f in e  

the in f lu e n c e  of  the  h ib e r n a t in g  phenomenon i n  a h o s t
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s p e c ie s  Ç. t r i d e c e m l i n e a t u s  on the  developmental  phys io logy  

and s u r v i v a l  of i t s  n a t u r a l  p a r a s i t e ,  H. c i t e l l i . Beginning 

w i th  th e  f o u r th  and ex tending  through the  13th day p o s t ­

i n f e c t i o n ,  the  growth r a t e ,  development,  m a tu ra t io n ,  and 

r e p r o d u c t io n  were observed and reco rded  under n o n - h ib e r ­

n a t i n g  c o n d i t i o n s .  I n  a d d i t i o n ,  c e r t a i n  changes i n  the  

major b iochemical  c o n s t i t u e n t s  were ana lyzed  i n  the  worms. 

Using t h i s  as a base  w i th  which to  make comparisons, the  

i n f lu e n c e  of  h i b e r n a t i o n  on the  above v a r i a b l e s  was s t u d i e d .



MATERIALS AND METHODS

The 13- l i n e d  ground s q u i r r e l ,  C i t e l l u s  t r idecem ­

l i n e a t u s  t r i d e c e m l i n e a t u s  ( M i t c h i l l ) ,  and Hymenolepis 

c i t e l l i  (McLeod, 1933), which p a r a s i t i z e s  i t ,  were s e l e c t e d  

as  the  model f o r  t h i s  i n v e s t i g a t i o n .  This s e l e c t i o n  i s  

s i g n i f i c a n t  i n  t h a t  H. c i t e l l i  i s  a n a t u r a l  p a r a s i t e  i n  the  

13- l i n e d  ground s q u i r r e l ,  a h i b e r n a t i n g  mammal. The model 

has th e  advantage  o f  having a p a r a s i t e  which being normal 

f o r  i t s  h o s t  may be assumed to  be adap ted  to  su rv iv in g  the  

r i g o r s  p laced  upon i t  by h o s t  h i b e r n a t i o n .

Ç. t .  t r i d e c e m l i n e a t u s  was ob ta ined  by c ap tu r in g  

g rav id  females  i n  l a t e  A p r i l  and e a r l y  May and a l low ing  them 

to  p a r t u r a t e  i n  the  l a b o r a t o r y .  A l l  h o s t s  came from the 

U n iv e r s i ty  of Oklahoma g o l f  course  and from L inco ln  Park i n  

Oklahoma C i ty .  S ince  the  h o s t s  were from s i m i l a r  e c o lo g ic a l  

h a b i t a t s ,  s t r a i n  d i f f e r e n c e s  were assumed to be minor. Fe­

males were housed i n  s e p a r a t e  wire  cages prov ided  with  n e s t ­

ing m a t e r i a l  th roughou t  the  l a c t a t i n g  p e r i o d .  Rations  f o r  

the  l a c t a t i n g  females  c o n s i s t e d  of Pu r in a  Labora tory  Guinea 

Pig Chow p lu s  a d a i l y  supplement of  f r e s h  c lov e r  and g r a s s .  

Young ground s q u i r r e l s  were weaned by 2 months of age and 

m ain ta ined  i n  s e p a r a t e  cages dur ing  exper im ents .  All

6
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exper imenta l  animals  were fed  Pu r ina  Guinea Pig Chow and 

were 3 months of  age by the  time experiments were i n i t i a t e d .

H. c i t e l l i  was i s o l a t e d  from the  U n iv e r s i ty  of  Okla­

homa g o l f  course  h o s t  p o p u la t i o n ,  and has been mainta ined i n  

the  l a b o r a to r y  f o r  the  p a s t  3 y ea rs  i n  hamsters  and ground 

s q u i r r e l s .  Tr ibolium confusum (Duval) was u t i l i z e d  as the  

i n te r m e d ia te  h o s t  i n  t h i s  i n v e s t i g a t i o n .  The b e e t l e s  were 

s t a rv e d  f o r  approxim ate ly  1 week and then  fed  on crushed 

g rav id  p r o g l o t t i d s  f o r  24- h ours .  The p r o g l o t t i d s  were r e ­

f r i g e r a t e d  a t  4- C f o r  24- hours p r i o r  to  being fed  to  the 

b e e t l e s .  C y s t i c e rc o id s  were removed from b e e t l e s  i n to  

0.85^ s a l i n e  17 days a f t e r  the  b e e t l e s  were exposed and fed 

to  ground s q u i r r e l s  by gavage.

Four major experiments were conducted.  Experiment I 

was designed to  de te rmine  the d a i l y  growth and developmental 

p a t t e r n  o f  H. c i t e l l i  dur ing the  l a t e  summer p e r io d ,  which 

approximates the  maximum feed ing  p e r io d  of young s q u i r r e l s .  

These h o s t s  a l s o  se rved  as summer c o n t r o l s  and e s t a b l i s h e d  a 

b a s i s  f o r  l a t e r  comparisons.  Experiment I I  was designed to  

determine  the  i n f lu e n c e  of  h o s t  h i b e r n a t i o n  on the  growth 

and development of  H. c i t e l l i . The t h i r d  experiment was 

designed to  de te rmine  the  e f f e c t s  o f  h o s t  h ib e r n a t i o n  on 

a d u l t  worms w e l l  e s t a b l i s h e d  i n  the  h o s t  b e fo re  the  induc­

t i o n  of  h i b e r n a t i o n .  Experiment IV determined whether 

H. c i t e l l i  could  su rv iv e  the w in te r  i n  a h ib e r n a t in g  h o s t .

I n  the  f i r s t  experiment each h o s t  was g iven  15
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c y s t i c e r c o i d s .  Four an imals  were n e c ro ps ied  p e r  day from 

the  f o u r th  through the  13th days p o s t i n f e c t i o n .  A l l  ground 

s q u i r r e l s  f o r  a g iv en  experiment  were necrop s ied  a p p ro x i ­

mately the  same time each day. A f te r  k i l l i n g  each s q u i r r e l  

w i th  a sharp blow to  the  head,  the  small  i n t e s t i n e  was im­

m ed ia te ly  removed and the  worms f l u s h e d  out  w i th  0 .85^

NaCl. Worms from a g iven  h o s t  were d iv ided  i n t o  3 l o t s  of 

3 to  5 worms each, u s ing  a random numbers t a b l e .  However, 

due to the  small  s i z e  o f  day k  worms, i n d iv i d u a l  l o t s  were 

too small  f o r  b iochemical  a n a l y s i s .  I t  was n e ce ssa ry  to  

pool  these  l o t s  from a l l  h o s t s  f o r  a s sa y in g .

In  c h a r a c t e r i z i n g  the  growth and development of  H. 

c i t e l l i  dur ing  the  summer months, the  i n i t i a l  growth p e r io d s  

were n o t  observed s in c e  l a r g e  numbers of h o s t s  and massive 

i n f e c t i o n s  would have been n e cessa ry  to o b t a i n  maximal r e ­

covery of  small  worms. T here fo re ,  o b se rv a t io n s  began on the  

f o u r t h  day p o s t i n f e c t i o n  and cont inued  through th e  13th day.

From each h o s t  2 l o t s  were washed 5 times i n  0 .85^  

s a l i n e ,  weighed, and q u ic k - f r o z e n  a t  -20 C. The t h i r d  l o t  

was re la x e d  and k i l l e d  i n  water  h e a ted  to  70 0. They were 

then  f ix e d  i n  a l c o h o l - f o r m a l i n - a c e t i c  a c i d ,  s t a i n e d  i n  

Meyer’s paracarmine  and mounted. These specimens were used 

f o r  no t ing  p h y s i c a l  measurements, p r o g l o t t i d  c oun ts ,  

organogeny, and sperm and ova p ro d u c t io n .

The f i r s t  of  the  2 l o t s  of  f ro z e n  worms was used 

f o r  t o t a l  p r o t e i n ,  g lycogen,  and a lc o h o l  so lu b le
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carbohydra te  a n a l y s i s ,  whi le  the  second sample was used f o r  

t o t a l  l i p i d  a n a l y s i s .  The f i r s t  sample was d r i e d  i n  t a r e d  

f o i l  pans a t  90 C f o r  2k hours  and then  dry weight de ­

te rm ined .  The sample was p r o p o r t i o n a t e l y  d i l u t e d  with  d i s ­

t i l l e d  water  and homogenized i n  a g l a s s  t i s s u e  g r in d e r  f o r  

5 minutes or l o n g e r .  The second l o t  was homogenized i n  a 

2:1 chloroform-methanol  mixture  f o r  l i p i d  e x t r a c t i o n .

For g lycogen d e te r m in a t io n  the  method of  Kemp and 

van H e i jn in g en  (195^) was used and a p h e n o l - s u l f u r i c  a c id  

c o lo r i m e t r i c  t e s t  was employed f o r  a lc o h o l  s o lu b le  sugars  

d e te r m in a t io n  (Dubois e t  a l . , 1956). P r o t e i n  was de termined 

by the  method o f  Lowry e t  (1951) .  A g r a v im e t r i c  method 

modif ied  from th e  e x t r a c t i n g  and washing p ro ced u res  de­

s c r ib e d  by Folch e t  a l .  (1957) was used f o r  t o t a l  l i p i d  de­

t e r m in a t io n .

Experiment II was conducted during  the  w in t e r  months 

when h i b e r n a t i o n  norm al ly  occurs  i n  the  ground s q u i r r e l s .  A 
p i l o t  experiment  i n d i c a t e d  t h a t  growth, development, and 

recovery  of  H. c i t e l l i  a r e  g r e a t l y  suppressed  dur ing  h o s t  

h i b e r n a t i o n .  F u r t h e r ,  i t  had been found im p o ss ib le  to  p r e ­

d i c t  whether young ground s q u i r r e l s  w i l l  e n te r  h i b e r n a t i o n  

w i t h in  a s h o r t  p e r io d  of time a f t e r  exposure to  co ld .  These 

v a r i a b l e s  n e c e s s i t a t e d  l a r g e  numbers of h o s t s  f o r  any g iven  

experiment .  For th e s e  r e a s o n s ,  3 days ( f i f t h ,  n i n t h ,  and 

13th  days p o s t i n f e c t i o n )  were a r b i t r a r i l y  s e l e c t e d  f o r  the  

exper im en ta l  phase .  The f i f t h  day was s e l e c t e d  as the
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e a r l i e s t  age when worms would be most e a s i l y  p ro cessed ,  

while  the  time j u s t  b e fo re  pa tency  of  worms i n  non­

h i b e r n a t i n g  h o s t s  was s e l e c t e d  f o r  the  n in th  day. The 13th 

day was s e l e c t e d  because i t  co in c id e s  w i th  the  o l d e s t  age of 

the  worms i n  the  summer c o n t r o l s .  F i f t e e n  ground s q u i r r e l s  

were used f o r  each day s e l e c t e d  and a l l  animals  were exposed 

to  15 c y s t i c e r c o i d s  each. Control  h o s t s  were s e l e c t e d  as 

those  which d id  no t  h i b e r n a t e  f o r  the  d u r a t i o n  of any one 

exper im enta l  p e r i o d .  Those animals  t h a t  d id  h i b e r n a te  were 

used as  e x p é r im e n ta i s .  Cestodes recovered  from each h o s t  

were d iv ided  i n t o  3 l o t s  and analyzed  as  d e sc r ib e d  i n  Ex­

perim ent  I .  Where samples were i n s u f f i c i e n t  f o r  i n d iv id u a l  

a n a l y s i s ,  they were pooled  w i th  those  from o th e r  h o s t s .

H ib e rn a t io n  was induced by p l a c in g  the  s q u i r r e l s  i n  

a w a lk - in  c o o le r  a t  6 l  1 C. A l l  animals  were caged i n d i ­

v i d u a l l y  with  n e s t in g  m a te r i a l  and p lac ed  i n  the  cold  room 

24- hours  p o s t i n f e c t i o n .  The animals  were checked twice 

d a i l y ,  and - to  de te rmine  whether  a s q u i r r e l  had been awake 

dur ing  the i n t e r v a l  between checks,  wood shavings were 

p laced  over i t s  body a f t e r  i t  had e n te red  h i b e r n a t i o n .  Dis­

lodged shavings  were taken  to  i n d i c a t e  t h a t  h i b e r n a t i o n  had 

been i n t e r r u p t e d .

The t h i r d  experiment was designed to  de termine  the  

e f f e c t s  of  h o s t  h i b e r n a t i o n  on a d u l t  worms wel l  e s t a b l i s h e d  

i n  the  h o s t .  Twenty-five ground s q u i r r e l s  were exposed to  

10 c y s t i c e r c o i d s  each. At 20 days p o s t i n f e c t i o n  a l l
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s q u i r r e l s  had p a t e n t  c e s to d e s ,  determined by the  p resence  of 

ova i n  the  f e c e s .  At t h i s  time 8 ground s q u i r r e l s  were s e ­

l e c t e d  as c o n t r o l s  and kep t  a t  room tem pera tu re  (ça .  25- 

28 C). The remaining s q u i r r e l s  were p laced  i n  the  c o o le r  a t  

6 C and observed d a i l y .  A l l  animals d id  n o t  e n te r  h i b e r n a ­

t i o n  a t  the  same time and the  p e r io d s  of  u n i n t e r r u p t e d  h i ­

b e rn a t io n  were n o t  equ a l .  Consequently,  animals  were 

s e l e c t e d  f o r  o b se rv a t io n  which had approxim ate ly  equal  

h ib e r n a t in g  p e r i o d s .  They were d iv ided  i n to  2 groups with  k- 

expér im en ta is  and ^ c o n t r o l s  i n  each group. The f i r s t  group 

was n e c ro ps ied  a f t e r  10 days of  r e f r i g e r a t i o n .  Upon necropsy 

worms were d iv id ed  i n t o  2 l o t s  of  3 to 5 worms p e r  l o t  and 

analyzed f o r  change i n  b iochemical  composit ion as d e sc r ib e d  

e a r l i e r .  No worms from t h i s  experiment were s t a in e d  and 

mounted.

In  the  f o u r t h  exper im ent ,  18 s q u i r r e l s  were i n f e c t e d  

i n  e a r l y  August, 1966 and p lac ed  in  the  cold room 20 days 

l a t e r .  These animals  were caged s e p a r a t e l y  and observed 

d a i l y  as  d e sc r ib e d  above. They served to  de te rmine  whether 

H. c i t e l l i  could su rv iv e  exper im en ta l ly  s e v e r a l  months i n  a 

h ib e r n a t i n g  h o s t .  Feca l  checks were made p e r i o d i c a l l y  fo r  

4- weeks to  determine whether  the  worms were a b o r t e d .  They 

were removed from the  co ld  room on March 1, 196?.

All  of the  exper im en ta l  groups had food and water  ad 

l i b i t u m . Where a p p l i c a b l e ,  S tu d e n t s ' s  t - t e s t  was used to 

t e s t  the  s i g n i f i c a n c e  between the  means of a n a l y t i c a l
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r e s u l t s .  In  o th e r  c a s e s ,  one and two-way a n a ly se s  of  

v a r i a n c e  were a p p l i e d  to  the  d a t a .  Where the  d a ta  were ex­

p re s se d  as  p e r c e n t a g e s ,  s i g n i f i c a n c e  was t e s t e d  by c o n v e r t ­

ing the  p e r c e n t  v a lu es  to  the  a r c s i n e  b e fo re  a pp ly ing  the 

a n a l y s i s  of  v a r i a n c e  t e s t  ( S t e e l e  and T o r r i e ,  I960) .  

P r o b a b i l i t y  v a lu e s  o f  .05 o r  l e s s  were con s ide red  s i g n i f i ­

c a n t .



RESULTS 

Experiment 1

P h y s i c a l  Measurements 

R e su l t s  of  t h i s  experiment  p rov ided  worms which 

served  as a b a s i s  f o r  comparisons w ith  both w in t e r  c o n t r o l s  

and h i b e r n a t i n g  e x p é r im e n ta i s .  Mature p r o g l o t t i d s  were 

p r e s e n t  by the  f o u r t h  day. G e n i ta l  organs were w e l l  de­

ve loped ,  in c lu d in g  the  seminal v e s i c l e s  and seminal  r e ­

c e p t a c l e s ,  i n  the  most p o s t e r i o r  p r o g l o t t i d s .  By the  f i f t h  

day immature ova were p r e s e n t  i n  the  u t e r u s ,  and sperms were 

i n  the  seminal  r e c e p t a c l e s  of the  l a s t  2 or 3 p r o g l o t t i d s .  

Completely s h e l l e d  ova were p r e s e n t  i n  8 day o ld  worms. The 

11th was the  e a r l i e s t  day when egg l i b e r a t i o n  o ccu r red  en 

mass and i s  cons idered  h e r e i n  as the  day of  p a te n c y .

Table I shows the  number of  h o s t s  i n f e c t e d  and worm 

recovery  r a t e s  p e r  day i n  each exper im en ta l  group.  Summer 

c o n t r o l  an imals  showed a 67% to  97^ recovery  r a t e  f o r  any 

given  day during  the  exper im en ta l  p e r i o d .  In  no case  was 

th e re  100# recovery  from a l l  h o s t s  on any g iven  day. How­

ever ,  a l l  s q u i r r e l s  became i n f e c t e d .  The low r e c o v e r i e s  of 

12 and 13 day o ld  worms cannot  p r e s e n t l y  be ex p la in e d .

13
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TABLE I I .  P h y s ic a l  measurements of  H. c i t e l l i  from 
n o n -h ib e rn a t in g  summer s q u i r r e l s ,  (nT = number of 
worms i n  sample.

ÜW 0 
O 'H OhÜ W 0)
rt Ü Q "H

a)

m M 0) -H A 0)

-p

A 0) p>:s %A

0
H^P
-P Ü 0 (Ü 
EH A

4 0 .4 l 0.131 0.317
(n)

(40) 16.6 ± .81
5 2 .14 0.422 0.200 (20) 24.8 ± .93
6 5.64 1.206 0.207 (24) 42.9  ± 2.00
7 10.8 2 .45 0.224 (21) 58.6 ± 2.16
8 16.3 3 .80 0.229 (20) 65.5 ± 6.88
9 15.1 3.28 0.215 (20) 68.4  ± 6.59

10 24.2 5.40 0.218 (20) 74.1 ± 5.08
11 29.8 6.67 0.221 (18) 89.9 ± 9.51
12 32.8 7.73 0.236 ( 17) 103.7 ± 10.52
13 35 .5 7.51 0.211 (19) 120.0 + 11.60

Expressed as the  average  weight  i n  mg per
worm.

D/W means the  dry w e ig h t - f r e s h  weight
r a t i o .

^Expressed as the mean l e n g th  o f  worms i n  
mm ± s ta n d a rd  e r r o r  of  the mean.

^Expressed as the mean number of  p r o g l o t ­
t i d s  ± s t a n d a rd  e r r o r  of  the  mean.
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m

' ri
q) -p

-p H  
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H  Ph

TJ

'O•H
P  
P  

0  0

p  0

l £

m

•ri
P  
P  

t J  0  •H rH 
>  txO nS 0  
^  U

0  a<

•cf
w

•H
P
P
0rH rH 

CÜ ÜO 
P  0  
0  A 

EH

(n)
1 3 1 ±  6 . 3 4 5  ±  4 . 6 0 1 7 3  ±  1 0 . 0 ( 1 3 )
1 3 3 ±  4 . 2 1 2 4  ±  3 . 7 0 2 5 6 +  6 . 4 ( 1 8 )

1 5 8  ± i + . 6 2 3 7  ±  7 . 8 0 3 8 8  ±  1 6 . 9 ( 1 2 )

2 1 ^ ±  1 2 . 6 2 9 9  ± 1 8 . 7 0 5 1 4  ± 2 4 . 2 ( 1 3 )
2 9 0  ±  2 2 . 6 2 7 8  ±  2 7 . 0 5  ±  2 . 0 5 7 4  + 3 7 . 1 ( 1 8 )

2 1 1 ±  1 2 . 1 2 2 9  ± 2 0 . 6 2 2  ± 3 . 7 4 8 4  ±  4 7 . 8 ( 1 7 )
2 5 6  ± 1 2 . ^ 2 7 8  ±  2 1 . 5 2 8  ±  7 . 5 5 5 6  +  2 1 . 1 ( 1 6 )

2 7 5  ±  2 0 . 9 3 0 7  ±  2 6 . 4 4 8  ± 1 4 . 5 6 3 1  ±  3 8 . 2 ( 1 8 )

2 4 7 +  3 . 5 3 2 5  ±  1 8 . 2 1 1 0  ±  1 4 . 0 6 7 1  ±  2 8 . 9 (10)
3 1 6  ±  2 0 . 9 3 2 5  ±  2 9 . 7 6 8  ±  1 6 . 4 731 ± 14.3 ( 1 2 )
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As the  worms matured i n  n o n -h ib e rn a t in g  h o s t s  under 

summer c o n d i t i o n s ,  t h e r e  was an i n c r e a s e  i n  a l l  v a lu es  of 

p h y s i c a l  measurements (Table I I ) .  One a re a  of  i n t e r e s t  i s  

the dry  w e i g h t - f r e s h  weight  r a t i o  f o r  4- day o ld  worms. This 

h igh va lue  i s  the  average  of a l l  worms from 3 s e p a r a t e l y  

pooled l o t s ,  the  r a t i o s  o f  which ranged from 0.302 to  0 .338.  

High dry  weight  p e rc en ta g es  a r e  of  i n t e r e s t  s in c e  Roberts  

(1961) ob ta ined  va ry ing  r a t i o s  i n  H. d iminuta  w i th  va lues  of 

0.197 to  0.288 depending on the  worm p o p u la t i o n  p e r  h o s t .

The growth curves based on l e n g th  and f r e s h  weight 

fo r  H. d iminuta  and H. c i t e l l i  a r e  i n  c lo se  agreement 

(F ig s .  1, 2; Table I I ) .  The curves were f i t t e d  to  the  mean 

p o i n t s .  The g r e a t e s t  r e l a t i v e  growth r a t e  f o r  the  p e r io d  

p l o t t e d  i s  the  f o u r t h  through the  s i x t h  days.  T h e re a f te r  

growth i n  l e n g t h  and f r e s h  weight d e c l in e d  as  pa tency  was 

approached.  On the  curves f o r  H. c i t e l l i  i n  F igures  1 and 

2, the  l e n g t h  and f r e s h  weights of 9 day old worms a re  l e s s  

than  f o r  8 day old worms. Al l  worms except  those  from 1 h o s t  

were small  f o r  t h i s  day, i n d i c a t i n g  in f lu e n c e s  from unknown 

f a c t o r s .  H. d iminuta  da ta  a re  taken  from Roberts  (1961) f o r  

15 to  20 worms p e r  h o s t .  This ces tode  showed a s i m i l a r  p a t ­

t e r n  o f  growth. I n i t i a l l y  i t  i s  sm a l le r  than  H. c i t e l l i  but  

su rp a sse s  the  l a t t e r  i n  l e n g th  by the  seventh  day and i n  

weight by the  e ig h th  day p o s t i n f e c t i o n .  I t  i s  ap p a ren t  t h a t  

a f t e r  8 days r e l a t i v e  growth d e c e l e r a t e s  and approaches a 

maximum by 13 days p o s t i n f e c t i o n  i n  H. c i t e l l i .
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Figure  1. Growth curves i n  l e n g th  
f o r  H. c i t e l l i  and H. diminuta  from 4-13 
days p o s t i n f e c t i o n  i n  n o n -h ib e rn a t in g  h o s t s .  
H. d iminuta  p l o t t e d  from da ta  by Rober ts ,  
1 9 6 1 .



19

bû 100
s
ri
•H

m
A

m
bû
ri
ri
(D
5

0  = H. c i t e l l i  
□  = H. d iminuta

Days P o s t i n f e c t i o n

F igure  2. Curves of  growth i n  
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H. d iminuta  d a ta  from R obe r ts ,  1961.
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D i f f e r e n t i a l  p r o g l o t t i s a t i o n  (F ig .  3j Table I I )  

occurs e a r l y  i n  H. c i t e l l i . Immature and mature p r o g l o t -  

t i d s  a re  p r e s e n t  by the  f o u r t h  day. Immature p r o g l o t t i d s  

i n c r e a s e  g r a d u a l ly  between the  f o u r t h  and e ig h th  days of  

o b se rv a t io n  bu t  t h e r e a f t e r  approximate the  number o f  mature 

p r o g l o t t i d s .  There i s  a r a p i d  in c re a s e  from day through 

day 6 i n  mature p r o g l o t t i d s .  T h e re a f te r  a near  maximum i s  

reached and a d e c l in e  i n  the  number of  mature p r o g l o t t i d s  

occurs i n  the  seventh  and e ig h th  days as the  most p o s t e r i o r  

p r o g l o t t i d s  become g r a v id .  For a s i m i l a r  worm load  (15-20 

per  h o s t )  Roberts  (1961) observed t h a t  mature p r o g l o t t i d s  

appear on the  s i x t h  day i n  H. diminuta  and g rav id  p r o g l o t ­

t i d s  a r e  p r e s e n t  by day 13* There i s  a very r a p i d  in c r e a s e  

in  the  number o f  g rav id  p r o g l o t t i d s  of  H. c i t e l l i  through 

day 12 bu t  the  number d e c l in e s  on day 13 as the  most p o s ­

t e r i o r  p r o g l o t t i d s  a r e  shed. The t o t a l  number of  p r o ­

g l o t t i d s  i n c r e a s e s  e x p o n e n t i a l ly  from the  f o u r t h  through the 

seventh  days,  bu t  reaches  a p l a t e a u  a f t e r  8 days. The de­

c l in e  observed i n  a l l  p r o g l o t t i d  types between the  e ig h th  

and t e n t h  days i s  i n f lu e n c e d  by s e v e r a l  f a c t o r s  and i s  d i s ­

cussed l a t e r .

Chemistry

With the  e x c e p t io n  of  a lc o h o l  so lu b le  su g a rs ,  which 

v a r i e s  c o n s id e ra b ly ,  a l l  b iochemical  components g r a d u a l ly  

in c re a s e  i n  a b s o lu te  amounts as worm s i z e  i n c r e a s e s .  Gly­

cogen i s  i n i t i a l l y  low (7-10^ of dry weight)  and in c r e a s e s
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to  more than  36^ on the  l a t e r  growth days (Table I I I ;

F ig .  4 ) .  Alcohol s o lu b le  carbohydra tes  a re  i n i t i a l l y  near  

\0% bu t  d ec rease  to l e s s  than  2%. The a lc o h o l  so lu b le  

sugars  in c re a s e d  d r a m a t i c a l l y  on the  seventh  day.  Since 

a l l  samples were t r e a t e d  s i m i l a r l y  on any g iven  day and were 

c o l l e c t e d  a t  approx im ate ly  the  same t ime,  no d e f i n i t e  ex­

p l a n a t i o n  can be g iven  f o r  the  i n c r e a s e .  Tota l  carbohy­

d r a t e s  range from about  17% i n  4 day old worms to  about 

40% i n  g rav id  worms. This i s  i n  c lo se  agreement w i th  da ta  

from o th e r  workers (Read and Rothraan, 1957; R ober ts ,  1961). 

F igure  4 i l l u s t r a t e s  the  r e l a t i v e  changes i n  the  carbohy­

d r a t e s .  The h ig h e s t  r e l a t i v e  value  observed f o r  p r o t e i n  i s  

60.6% i n  4 day old  worms. This d e c l in e s  to  37% i n  13 day 

old c e s to d e s .  L ip ids  a re  a l s o  i n i t i a l l y  h ig h e r  on the  f i f t h  

and s i x t h  days ( 29- 31%) bu t  decrease  to  l e s s  than  19% as age 

i n c r e a s e s .

Experiment I I  

Since young ground s q u i r r e l s  were used i n  t h i s  i n ­

v e s t i g a t i o n ,  h i b e r n a t i o n  was no t  uniform fo r  a l l  animals 

used i n  any g iven  experiment .  'Many of the  animals  appeared 

to undergo "co n d i t io n in g "  responses  to  h i b e r n a t i o n  as  the 

body tem pera tu re  decreased  g ra d u a l ly  over s e v e r a l  days with  

f r e q u e n t  a r o u s a l s .  Strumwasser ( i960)  observed the  same 

phenomenon i n  C a l i f o r n i a  ground s q u i r r e l s .  For t h i s  reason  

i t  i s  d i f f i c u l t  to  a s se s s  the  a c t u a l  i n i t i a t i o n  of  h ib e r n a ­

t io n  f o r  the  animals  i n  t h i s  experiment .  I f  an animal was
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observed to  have aroused  and moved abou t ,  i t  was no t  recorded 

as having h ib e r n a te d  on t h a t  day. Ground s q u i r r e l s  used i n  

the  5 day p e r io d  h ib e r n a te d  an average  o f  2 .5  days p e r  a n i ­

mal, those  fo r  the  9 day p e r io d  averaged 4 .4  days,  and those 

i n  the  13 day p e r io d  averaged 7 .4 days.  In  the  l a t t e r  2 

groups,  the  l o n g e s t  p e r io d  of u n i n t e r r u p t e d  h i b e r n a t i o n  f o r  

a s i n g l e  animal was 7 days.

Since i t  t akes  s e v e r a l  hours  f o r  H. c i t e l l i  to 

e s t a b l i s h  i t s e l f  i n  the  h o s t ' s  g u t ,  24 hours were allowed to 

e lap se  between exposure of  the s q u i r r e l s  to  i t  and the  time 

when the  s q u i r r e l s  were p laced  i n  the  cold  room. I t s  a b i l i t y  

to  remain e s t a b l i s h e d  i n  both h ib e r n a t i n g  and n o n -h ib e rn a t in g  

h o s t s  i s  i n d i c a t e d  i n  the recovery  r a t e s  shown i n  Table I .  

There i s  no s i g n i f i c a n t  d i f f e r e n c e  between the  recovery  

r a t e s  o f  summer and w in te r  c o n t r o l s  but  the  l a t t e r  r a t e s  a re  

s l i g h t l y  lower because  of  s e v e r a l  p o s s ib l e  in f lu e n c e s  r e ­

viewed i n  the  D iscu ss io n .  However, t h e r e  i s  a s i g n i f i c a n t l y  

g r e a t e r  recovery  r a t e  of  the  2 c o n t r o l  groups over t h a t  of 

the  exper im enta l  group ranging  from 96 .8^  to  66.6^ i n  the  

summer c o n t r o l s  and 76.2^  to  58«3^ In  the  w in te r  c o n t r o l s  as 

compared to  1 .0^  to  38 .9^  fo r  the  exp ér im e n ta i s .  A c o r r e ­

l a t i o n  i s  e v id e n t  between recovery  r a t e s  and the  time the 

h o s t  e n te r s  h i b e r n a t i o n  a f t e r  i n f e c t i o n  (Table IV). I f  

h ib e r n a t i o n  occurs w i th in  72 hours  p o s t i n f e c t i o n ,  s u r v iv a l  

of  H. c i t e l l i  i s  g r e a t l y  reduced.  Contro ls  were i n f e c t e d  

a t  the  same time the  expér im enta is  and the 83^ recovery
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f o r  c o n t r o l s  r e f l e c t s  the  importance of  the  n o n -h ib e rn a t in g  

phys io logy  o f  th e  h o s t  to  worm s u r v i v a l  during t h i s  p e r io d .

On day 5> a l l  the  s q u i r r e l s  which h i b e r n a t e d  had 

done so w i t h in  48 hours  p o s t i n f e c t i o n .  Only 1 worm was r e ­

covered from 7 h i b e r n a t i n g  h o s t s  on t h a t  day. Because of 

t h i s  no d a ta  were c o l l e c t e d  f o r  expér im en ta is  on day 5 s in c e  

the  1 worm d id  no t  p ro v id e  enough t i s s u e  to  g ive  r e l i a b l e  

r e s u l t s  f o r  any one measurement i n  t h i s  exper iment .  However, 

t h i s  dem ons tra tes  t h a t  worms must r each  a g iven  s t a g e  o f  ma­

t u r i t y  b e fo re  h i b e r n a t i o n  or they, w i l l  no t  su rv iv e .

P h y s ic a l  Measurements

I f  h i b e r n a t i o n  has a marked e f f e c t  on ces tod e  me­

ta b o l i sm ,  the  i n f lu e n c e  should be r e f l e c t e d  c l e a r l y  on i t s  

growth and development.  A comparison of worms from summer 

and w in te r  c o n t r o l  s q u i r r e l s  or of  both  c o n t r o l s  w i th  h i ­

b e rn a t in g  e x p ér im en ta is  i n d i c a t e s  t h i s  to  be t r u e  (Table  V). 

Nearly a l l  p h y s i c a l  measurements ana lyzed  a re  s i g n i f i c a n t l y  

d i f f e r e n t  w i th  p r o b a b i l i t y  va lues  between .0005 and . 0 5 , 

whether  th e  comparison i s  between summer and w in te r  c o n t r o l s  

or between w in t e r  c o n t r o l s  and e x p é r im e n ta i s .  The average  

l e n g t h  o f  H. c i t e l l i  from exper im enta l  h o s t s  i s  s i g n i f i ­

c a n t ly  l e s s  than  t h a t  of those  from a l l  c o n t r o l s .  What may 

n o t  be expec ted  i s  the  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  be­

tween the  l e n g th s  of w in te r  and summer c o n t r o l  g roups .  A 

p l a u s i b l e  e x p la n a t io n  i s  g iven  i n  the  D iscuss io n .  The



TABLE V. Physical measurements of H. citelli from non-hibernating and hibernating 
squirrels, ± standard error of the meanl (n) = number of worms in samples
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Summer Controls 0 2^.8 ± .93 133 ± h . 2 1 2 h  ± 3.7 • • • • 256 ± 6.4 (18)
Winter Controls 0 10.7 ± 1 .06 72 ± 8.0 30 ± 5.6 • • • • 94 ± 11 .8 (24)

ro
9 Days Postinfection

Summer Controls 0 68.4 ± 6.59 21 1 ± 12.1 229 + 20.6 22 ± 3.7 484 + 4 7 . 8 (1 7)
Winter Controls 0 42.6 ± 4.30 1 55 ± 1 5.4 197 ± 28.4* •  « •  • 373 + 7 .6*= (12)
Experimentals 2 21 .5 ± 2.70 81 ± 9.4 88 ± 19.0 • • 189 ± 2 7 . 8 (1 8 )

13 Days Postinfection

Summer Controls 0 120.0 + 11 .60 316 ± 20.9 325 + 29.7 68 ± 16.4 731 + 14.3 (1 2 X
Winter Controls 0 52.3 ± 5.82 200 ± 10.7 183 + 16.3 38 ± 8.9* 421 ± 3 5 . 3 ( 6)
Expérimentais 8 17.3 ± 2.38 110 ± 11.6 59 ± 12.4 • 169 + 2 3 . 5 (12)

CO

^Except those marked (*), all means are significantly different from summer 
controls between .0005 and .05 Probabilities.
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average le n g th s  of  the  snimner c o n t r o l s  a re  over 1 1/2 to 

n e a r ly  2 1/2 t imes those  of  the w in te r  c o n t r o l s  and a re  ap­

prox im a te ly  3 to  7 t imes longer  than the  exper im enta l  

groups.  I t  i s  i n t e r e s t i n g  t h a t  w in te r  c o n t r o l s  f a l l  midway 

between the summer c o n t r o l  and exper imenta l  groups i n  a v e r ­

age l e n g th .

There i s  a s i g n i f i c a n t  d i f f e r e n c e  i n  weights  between 

summer c o n t r o l s  and the  expér im enta is  (P <  .05) of 9 day old 

worms, but  not  between the  summer and w in te r  c o n t r o l s  or be­

tween the  w in te r  c o n t r o l s  and the  expér im enta is  (Table  VI) .  

In  13 day old worms, a l l  3 groups d i f f e r  s i g n i f i c a n t l y  i n  

weight (P <  .0 5 ) .  The average  f r e s h  weights  of  summer con­

t r o l  worms a re  approxim ate ly  9 to  70 t imes g r e a t e r  than  t h a t  

of the  ex p ér im en ta is .

P r o g l o t t i s a t i o n  i s  a l s o  a f f e c t e d .  While t h e r e  i s  a 

gradual  i n c r e a s e  i n  the numbers of  immature p r o g l o t t i d s  from 

the  f i f t h  through 13th days, the  number i n  the  expér im enta is  

i s  s i g n i f i c a n t l y  l e s s  than  in  the  c o n t r o l s  (Table  V).

Mature p r o g l o t t i d s  appeared in  a l l  g roups .  Sperm and ova 

p rod u c t io n  had occurred  i n  l e s s  than  33^ of  the  5 day old 

worms used as  w in te r  c o n t r o l s  as compared to  100^ i n  the  

summer c o n t r o l s .  In  9 day old w in te r  c o n t r o l  worms, ova and 

sperm p ro d u c t io n  had occurred  i n  a l l  specimens and the  

seminal r e c e p t a c l e s  were d i s ten d ed  w i th  sperm. In  c o n t r a s t ,  

worms from h ib e r n a t i n g  h o s t s  produce no sperm or  ova i f  h i ­

b e rn a t io n  occurs i n  the  f i r s t  4 or 5 days of  worm growth.



TABLE V I . Average fresh and dry weights in mg of H. citelli from hibernating and non­
hibernating hosts.
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In  worms from s q u i r r e l s  beginning h i b e r n a t i o n  on the  seventh  

or e ig h th  days a f t e r  i n f e c t i o n ,  small  immature ova were 

p r e s e n t  as were sperm i n  the  seminal  v e s i c l e s .  Sperm and 

ova p ro d u c t io n  occu rred  i n  13 day old w in te r  c o n t r o l  worms, 

as i n d i c a t e d  by w e l l  formed oncospheres be ing  p r e s e n t  i n  the  

ova. The number of  t o t a l  p r o g l o t t i d s  i n  9 and 13 day summer 

c o n t r o l  worms i s  approx im ate ly  3 to  if times t h a t  of  the  r e ­

s p e c t iv e  exper im en ta l  worms (Table V). Even though the  mean 

number o f  the  o th e r  p r o g l o t t i d  types  d i f f e r s  s i g n i f i c a n t l y  

between the  2 c o n t r o l  groups,  th e r e  i s  no s i g n i f i c a n t  d i f ­

f e r e n c e  between the  number of  g rav id  p r o g l o t t i d s  i n  the  2 

c o n t r o l  groups of  13 day o ld  worms. In  the  expér im en ta is  of  

t h i s  same age group, the  number of  mature p r o g l o t t i d s  i s  

s i g n i f i c a n t l y  l e s s  than  i n  the  c o n t r o l s .  Also sperm and ova 

p ro d u c t io n  i s  g r e a t l y  reduced and comparable to  t h a t  i n  5 

day old  summer c o n t r o l s .  No g rav id  p r o g l o t t i d s  were seen in  

any h i b e r n a t i n g  group f o r  the  d u r a t i o n  of  the  experiment .

As shown i n  Tables V and VI, 9 day o ld  expér im en ta is  

a r e  l a r g e r  than  13 day o ld  exper im enta l  worms. This i s  r e ­

l a t e d  to  the  f a c t  t h a t  those  s q u i r r e l s  h a rb o r in g  the  13 day 

old worms h ib e r n a te d  an average  of  8 days w i th  an average of  

5 n o n -h ib e rn a t in g  days p e r  h o s t ,  whereas the  s q u i r r e l s  h a r ­

bor ing  9 day o ld  worms h ib e r n a te d  on the  average  o f  2 days 

with  an average  o f  7 n o n -h ib e rn a t in g  days p e r  s q u i r r e l .

While the  dry weight-wet  weight  r a t i o s  do no t  d i f f e r  

s i g n i f i c a n t l y ,  the  tendency i s  toward h ig h e r  r a t i o s  in
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ces todes  from both the  h i b e r n a t i n g  and n o n -h ib e rn a t in g  

s q u i r r e l s .  This sugges ts  t h a t  the  worms a re  s l i g h t l y  dehy­

d r a te d  i n  w in te r  c o n t r o l  h o s t s  and h ib e r n a t in g  h o s t s .  Such 

seems p l a u s i b l e  s in c e  the  gu t  c o n te n ts  of the  h o s t s  in  both 

groups a r e  mostly  e n te r o h e p a t i c  c i r c u l a t i o n ,  succus 

e n t e r i c u s ,  and mucus which may be h y p e r to n ic  to  the  worm 

t i s s u e .

Chemistry

The g e n e ra l  b io ch e m is t ry  of  the  ces todes  was f o l ­

lowed to  de te rmine  whether h o s t  h i b e r n a t i o n  produces changes 

i n  t h e i r  o v e r - a l l  metabolism. I f  metabolism con t inues  during  

h i b e r n a t i o n  a t  r e l a t i v e l y  h igh  r a t e s ,  a r e d u c t io n  i n  the  

t o t a l  carbohydra te  and p r o t e i n  c o n te n t  would be expected 

dur ing  t h a t  time s in c e  h o s t  food i n ta k e  i s  g r e a t l y  reduced 

dur ing  the  dormant p e r i o d s .  However, such was no t  the  case .

I n  Table VII a g e n e ra l  i n c r e a s e  in  the  a b s o lu te  

amounts of  glycogen and low molecular  weight ca rbohydra te s  

w i th  in c re a s e d  worm s i z e  i s  e v id e n t .  T h ir teen  day old worms 

from h ib e r n a t i n g  s q u i r r e l s  con ta ined  0.0^6 mg of glycogen 

p e r  worm as compared to  2.717 mg p e r  worm i n  summer c o n t r o l s  

or  1.651 mg pe r  worm i n  w in te r  c o n t r o l s .  Based on the  per  

cen t  of dry worm w e igh t ,  g lycogen and a lcoho l  s o lu b le  sugars  

(Table VII I )  a r e  s i m i l a r  f o r  the  c o n t r o l  groups.  Glycogen 

c o n c e n t r a t i o n  i n  the  exper im en ta l  group ( 18. 29^ f o r  9 day 

o lds  and 32 . f or  13 day o ld  worms) i s  only s l i g h t l y  lower



TABLE VII. Average carbohydrate composition in mg per worm from hibernating and 
non-hibernating squirrels.
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TABLE V I I I .  Carbohydrate  composi t ion  of  H. c i t e l l i  from 
h i b e r n a t i n g  and n o n -h ib e rn a t in g  s q u i r r e l s ,  expressed  as 
p e r  cen t  of  dry w e igh t .
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as compared to  the  2 c o n t r o l  groups which con ta ined  21- 27^ 

i n  9 day o lds  and 36-4-6^ i n  13 day old  worms. The p e r  cen t  

of a lc o h o l  s o lu b l e  sugars  i s  h ig h e r  i n  the ex pe r im en ta l  worms 

than  i n  th e  c o n t r o l  g roups ,  b u t  i s  s i g n i f i c a n t l y  h ig h e r  only 

i n  the  13 day o ld  exper im en ta l  worms as compared to  th e  con­

t r o l s  (P <  .0 5 ) .

F igure  5 shows the  r e l a t i v e  d i f f e r e n c e s  i n  composi­

t i o n  of  the  t o t a l  c a rbohydra te s  as glycogen and a lc o h o l  

so lu b le  sugars  between summer c o n t r o l s  and worms from h i b e r ­

n a t in g  h o s t s .  There i s  no s i g n i f i c a n t  d i f f e r e n c e  between 

the  c a rbohydra te  c o n te n t  of summer and w in te r  c o n t r o l s  

(Table  IX) so th e  l a t t e r  was not  in c lu d ed  i n  F igure  5- 

Alcohol s o l u b l e  suga rs  c o n s t i t u t e  the  major p o r t i o n  of  t o t a l  

c a rbohydra te s  i n  5 day old  worms f o r  both  summer and w in te r  

c o n t r o l s  (Table  IX).  Glycogen i s  the  major c a rb oh y dra te  com­

ponent  i n  a l l  3 groups i n  9 and 13 day old  worms, b u t  the  

a lc o h o l  so lu b l e  p o r t i o n  c o n s t i t u t e s  a s i g n i f i c a n t l y  l a r g e r  

p e rc en ta g e  i n  worms from h i b e r n a t i n g  animals  th an  i t  does i n  

the  summer c o n t r o l  group (P <  .0 5 ) .

Based on a d i r e c t  method of measurement, p r o t e i n  con­

c e n t r a t i o n s  i n  the  expér im en ta is  and wi n t e r  c o n t r o l s  a re  

l e s s  than  i n  summer c o n t r o l s  (F ig ,  6; Table X). S t a t i s t i ­

c a l l y ,  the  p e r  cen t  of  p r o t e i n  i n  9 day o ld  worms from h i ­

b e rn a t in g  h o s t s  i s  no d i f f e r e n t  from the summer c o n t r o l s .

In  13 day old  worms the  p r o t e i n  c o n c e n t r a t i o n s  i n  both  w in te r  

c o n t r o l s  and e x p ér im en ta is  a re  s i g n i f i c a n t l y  below the  summer
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Figure  5* R e la t iv e  changes i n  composit ion of  
glycogen and a l c o h o l  so lu b le  sugars  i n  worms from h i ­
b e rn a t in g  and n o n - h ib e r n a t in g  an im als ,  (a)  = a lc o h o l  
so lu b le  s u g a r s ,  h i b e r n a t i n g  h o s t s ,  (b) = a lc o h o l  
s o lu b le  s u g a r s ,  n o n -h ib e rn a t in g  h o s t s ,  (c)  = g lyco­
gen, h i b e r n a t i n g  h o s t s ,  (d) = glycogen,  n o n - h ib e r n a t ­
ing h o s t s .
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TABLE X. Protein in H. citelli from hibernating and non-hibernating squirrels, 
(n) = number of worms in samples.

1+3 Ü
From Non-hibernating 

Summer Group
From Non-hibernating 

Winter Group
From Hibernating 
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« «
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13 2.826 (19) 37.35 1 .017 ( 8) 28.06^ o.o4o (24) 28.19&
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vD

‘'Significantly different from summer controls with P . <  .005*
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c o n t r o l  group. Based on the  p e r  cen t  of wet w eigh t ,  t h e r e  i s  

no d i f f e r e n c e  between l i p i d  con ten t  i n  the  c o n t r o l  groups and 

the  exper im enta l  groups (Table  XI).

Experiment I I I

This experiment  was conducted to  de termine  the  i n ­

f lu en c e  of h o s t  h i b e r n a t i o n  on the  chem is try  of  a d u l t  worms 

which were g rav id  and w e l l  e s t a b l i s h e d  i n  th e  ground s q u i r ­

r e l s .  F i f t e e n  ground s q u i r r e l s ,  each h a rb o r in g  mature 20 

day o ld  worms, were p lac ed  i n  the  co ld  room a t  6 0. Six days 

l a t e r  4 of th ese  a n im a ls ,  which h ib e r n a te d  an average o f  4 

days ,  and 4 c o n t r o l  h o s t s  were n e c ro p s ie d .  These animals  a re  

d es ig n a ted  as Group I .  Ten days a f t e r  p l a c in g  the s q u i r r e l s  

i n  the  cold  room 4 a d d i t i o n a l  s q u i r r e l s ,  which h ib e r n a te d  an 

average  of  6 .5  days ,  and 4 c o n t r o l  an imals  were nec ro p s ie d .  

These animals c o n s t i t u t e  Group I I .  Tables XII and XIII  show 

the  r e s u l t s  of  t h i s  experiment .

As shown i n  Table XII the  f r e s h  and dry  weights  of 

the  exper im enta l  worms a re  s i g n i f i c a n t l y  l e s s  than  t h a t  of 

the  c o n t r o l  groups (P <  .005) .  However, t h e r e  i s  no s i g ­

n i f i c a n t  d i f f e r e n c e  between weights  of  the  2 c o n t ro l  groups 

or between weights  o f  the  2 exper im en ta l  groups even though 

Group I I  i s  l a r g e r .  Except  f o r  glycogen and t o t a l  carbohy­

d r a t e s ,  th e re  i s  no d i f f e r e n c e  between the  c o n c e n t r a t i o n  of 

the  o th e r  b iochemical  compounds i n  c o n t r o l  and experimenta l  

worms in  e i t h e r  group (Tables  XII, X I I I ) .  Group I e x p e r i ­

ments c o n ta in  about  6^ l e s s  glycogen and t o t a l  carbohydra tes



TABLE XI. Total lipids per worm in hibernating and non-hibernating squirrels,

1 Expressed in mg Expressed as Per Cent of Fresh Weight
cn  O  
O  -r-i 
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nJ CP:) -r4
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Controls Expérimentais
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(n) (n)

6 . 1 7
(n) (n)

9 0 . 4 9 9 0 . 6 7 4  (8 ) 0 . 1 3 0 (1 2 ) 3 . 8 0 7 . 0 8  (8 ) 6 . 5 0 (1 2 )
13 1 . 3 7 3 0 . 5 4 5  (7) 0 . 0 7 0 ( 4) 4.06 4.44 (7 ) 5 . 6 0 ( 4)



TABLE XII. Composition in mg of ad.nlt worms from non-hibernating and. hibernating 
squirrels, (n) = total number of worms in samples.
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Controls 0 35.2 8.04 0.223 3 . 6 1 2 0.641 4 . 2 5 3 1.116 (24) 2.402 (1 8 )
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mentais 6.5 23.1 5.50 0 . 2 3 2 2.552 0 . 2 6 6 3.358 1 . 0 7 8 (1 2 ) 1 . 1 5 7 ( 9)

Controls 4 0 40.5 8 . 9 2 0.219 4.976 0.304 5.285 1 . 7 2 3 (16) 1 .621 (15)

-rro

^Group I represents cestodes from squirrels allowed to remain in cooler at 
6 0 for 6 days.

^Group II represents cestodes from squirrels allowed to remain in cooler at 
6 C for 10 days.
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TABLE X I I I .  Composit ion of  a d u l t  H. c i t e l l i  from non­
h ib e r n a t i n g  and h i b e r n a t i n g  s q u i r r e l s ,  expressed  as pe r  
cen t  of  dry  w eigh t .

w w o5
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Group ib

Expérimentais 3 4 . 3 9 10.22 44.61 7 7 . 8 5 1 8 .5 8 5 .33

Contro ls 40.10 9 . 9 6 51.22 84.92 17.82 6 .8 3

Group I i c

Expérimentais 42.56 5 .9 6 4 8 . 5 4 7 5 .9 8 16.16 6.66

Controls 5 6 .27 3 . 5 7 60.68 94.15 1 8 . 7 5 3 . 9 6

^Expressed as  p e r  cen t  o f  wet we igh t .

^Group I r e p r e s e n t s  ces tod es  from s q u i r r e l s  a llowed 
to  remain i n  c o o le r  a t  6 C f o r  6 days.

^Group I I  r e p r e s e n t s  ces todes  from s q u i r r e l s  a llowed 
to  remain  i n  c oo le r  a t  6 0 f o r  10 days.
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than  the  c o n t r o l  worms. S t a t i s t i c a l l y ,  the  d i f f e r e n c e  i s  

no t  s i g n i f i c a n t .  Experimental  worms i n  Group I I  a re  from 

s q u i r r e l s  which h ib e r n a te d  2 .5  days lo n g e r  than  the  Group I 

s q u i r r e l s .  T h ere fo re ,  the  exper im en ta l  worms have n e a r ly  

l e s s  glycogen (P <  .025) and \2% l e s s  t o t a l  carbohy­

d r a t e s  (P <  .005) th an  do the  c o n t r o l s .  I t  i s  i n t e r e s t i n g  

t h a t  glycogen i n  the  Group I expér im en ta is  i s  77.8# of the 

t o t a l  carbohydra tes  whi le  glycogen i n  the  c o n t r o l s  c o n s t i ­

t u t e s  84.9# of the  t o t a l  c a rb o h y d ra te s ,  a d i f f e r e n c e  of  

7 .1# .  In  Group I I  glycogen c o n s t i t u t e s  n e a r ly  76# of  the  

t o t a l  carbohydra tes  i n  the  expér im en ta is  and 94# i n  the  con­

t r o l s .  This i s  a d i f f e r e n c e  of  18# as compared to  about  7# 

i n  Group I .

Experiment IV 

To de te rmine  whether H. c i t e l l i  su rv iv e s  the  w in te r  

i n  an e x p e r im e n ta l ly  induced h ib e r n a t i n g  h o s t ,  18 ground 

s q u i r r e l s  were i n f e c t e d  and p laced  i n  the  co ld  room a t  6 C 

20 days p o s t i n f e c t i o n .  A check of  the  f ec es  f o r  worm ova 

p r i o r  to  inducing h i b e r n a t i o n ,  i n d i c a t e d  t h a t  a l l  s q u i r r e l s  

were i n f e c t e d .  They were induced to  h i b e r n a te  by August 20, 

1966. Al l  f ec es  from th e s e  animals were checked f o r  a 4 

week p e r io d  a f t e r  co ld  exposure.

All  an imals  were h ib e r n a t in g  w i th in  1 week a f t e r  

p l a c in g  them i n  the  c o o le r .  Daily  checks i n d ic a t e d  t h a t  

d i f f e r e n t  h o s t s  h ib e r n a te d  f o r  continuous p e r io d s  of from 3
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to  14- days.  S q u i r r e l s  would u s u a l l y  a rouse  f o r  on ly  a few 

h ours ,  d e f e c a t e ,  perhaps  e a t ,  and then  r e - e n t e r  h i b e r n a t i o n .

A check o f  f e c a l  p e l l e t s  a f t e r  a r o u s a l  p e r io d s  i n ­

d ic a te d  t h a t  worms were being d e s t r o b u la te d  a f t e r  3 weeks.

No sco leces  were observed dur ing  t h i s  time when s t r o b u l a e  

appeared i n  the  f e c e s .  A f te r  4 weeks no ova were found i n  

fec es  of  any animal .

A f te r  60 days i n  the  c o o le r ,  6 animals  were removed 

and 3 were n ec ro p s ie d ,  whi le  the  remaining 3 were m ain ta ined  

a t  room tem p era tu re .  The l a t t e r  were fed  and watered  ad 

l i b i t u m . No worms were found i n  the  i n t e s t i n a l  t r a c t  of  the 

necrops ied  s q u i r r e l s .  A check of the  f e c a l  p e l l e t s  of  the  3 

s q u i r r e l s  kep t  a t  room tem pera tu re  con ta ined  ova 2 weeks 

a f t e r  removal of  the  animals  from the cold  room, i n d i c a t i n g  

the  s q u i r r e l s  were s t i l l  i n f e c t e d .

The 12 animals  l e f t  i n  the  cold  room were removed to 

a warm tem pera ture  room on March 1, 1967, a f t e r  6 months of  

d isco n t in uo u s  h i b e r n a t i o n .  An immediate check o f  the  f eces  

showed no evidence o f  an i n f e c t i o n .  However, w i th in  13 days 

ova o f  H. c i t e l l i  appeared i n  the  feces  o f  50^ (6 s q u i r r e l s )  

of  the  an im als .  This i n d i c a t e s  t h a t  the  s c o lec es  were l e f t  

i n  the h o s t ' s  i n t e s t i n e  and re g e n e ra te d  t h e i r  s t r o b u l a e  

a f t e r  c o n d i t io n s  became f a v o r a b le .



DISCUSSION

The s p e c i f i c  growth curves of H. c i t e l l i  a re  

s i m i l a r  to  those  r e p o r t e d  f o r  H. d iminuta  by Roberts  (1961). 

The i n i t i a l  l a r g e r  s i z e  o f  H. c i t e l l i  i s  i n d i c a t i v e  of i t s  

e a r l i e r  m a tu ra t io n  and ova l i b e r a t i o n  as compared to  H. 

d i m l m t a . Read (1959) r e p o r t e d  t h a t  H. c i t e l l i  i s  i n t e r ­

mediate  i n  t h i s  r e s p e c t  between H.' nana and H. d im in u ta . My 

i n v e s t i g a t i o n  tends  to sup po r t  h i s  c o n c lu s io n .

The i n f lu e n c e s  of  d i f f e r e n t  types  o f  h o s t s  on growth 

of  ces todes  a r e  obvious when H. c i t e l l i  from the  1 3 - l in ed  

ground s q u i r r e l  i s  compared to  those  from the  golden hamster .  

Read (1959) r e p o r t e d  wet weight  va lues  of  8 day o ld  worms as 

5 .7  mg f o r  H. c i t e l l i . Wet weights  of  8 day o ld  worms from 

ground s q u i r r e l s  i n  my r e s e a r c h  averaged I 6.3  mg while  12 day 

old worms from ham ste rs  (Read, 1959) were more th an  twice- the 

average  wet we igh ts  of  th e  same age worms from ground s q u i r ­

r e l s  r e p o r t e d  i n  t h i s  p a p e r .  Such comparisons must be 

viewed w i th  c a u t io n  s in c e  Read used s i n g l e  worm i n f e c t i o n s  

i n  hamsters  on a s t a r c h  d i e t .  However, the  d i f f e r e n c e s  be­

tween the  o ld e r  worms i n  the  2 h o s t s  may be due to  a crowd­

ing e f f e c t  i n  the  s q u i r r e l s  and to the  lower carbohydra te  

d i e t  f o r  th e se  a n im a ls .  The Pur ina  Guinea P ig  Chow fed

6̂
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ground s q u i r r e l s  In  t h i s  r e s e a r c h  was ca rbohydra te ,  but  

a l a r g e  p o r t i o n  of  t h i s  i s  probably  su c ro se .  Read (1959) 

showed t h a t  H. c i t e l l i  i s  sm a l le r  i n  hamsters  on a sucrose  

d i e t  th an  i n  the  same h o s t  on a s t a r c h  d i e t .

The low growth r a t e  f o r  9 day old worms i s  the  r e ­

s u l t s  o f  s e v e r a l  i n d e f i n i t e  f a c t o r s  (Table I I ) .  T h i r te e n -  

l i n e d  ground s q u i r r e l s  a r e  n o t  i d e a l  l a b o r a to r y  animals and 

a re  e a s i l y  e x c i t e d ,  e s p e c i a l l y  when caged. During the  9 

through 13 day exper im enta l  p e r io d  th e re  was an unusual  

amount o f  human a c t i v i t y  i n  the animal q u a r t e r s .  This a g i ­

t a t e d  them and p o s s ib l y  caused a s t r e s s f u l  s i t u a t i o n  which 

may be r e f l e c t e d  i n  the  ces todes  through suppressed  growth. 

Another cause o f  v a r i a t i o n  may have been the  time the s q u i r ­

r e l s  were i n f e c t e d .  The experiments fo r  9 through 13 day 

old  worms (Experiment I )  were conducted during  e a r l y  Sep­

tember. By th en  l a b o r a to r y  re a re d  s q u i r r e l s  had gained 

maximum weigh ts  and food consumption had d e c l in e d .  This r e ­

s u l t e d  i n  l e s s  a v a i l a b l e  food f o r  the  worms and reduced t h e i r  

growth r a t e  s in c e  t h i s  r e q u i r e s  a h igh  carbohydra te  supply 

(Read e t  ^ . , 1958). Also numerous cockroaches and Nor­

wegian r a t s  were in  the  b u i ld in g  where the  s q u i r r e l s  were 

q u a r t e r e d .  Since the  1 3 - l in e d  ground s q u i r r e l  has i n s e c t i v ­

orous h a b i t s ,  some of  the  animals dur ing  t h i s  p e r io d  

a cqu i red  H. d iminuta  which undoubtedly occurs  i n  roaches 

and r a t s .  A p i l o t  experiment in  d i f f e r e n t  animal q u a r t e r s  

produced c o n s i s t e n t l y  l a r g e r  worms f o r  t h i s  same age group a
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year  e a r l i e r .  The d a ta  from the  p i l o t  experiment a re  no t  

inc luded  h e re  because of  the  d i f f e r e n t  exper im en ta l  condi­

t io n s  under which i t  was conducted.

The h igh  dry weight-wet  weight r a t i o  ob ta ined  fo r  k- 

day old  worms may be the  r e s u l t  of  s l i g h t  d eh y d ra t io n .  The 

0.85^ s a l i n e  used to  wash th ese  worms i s  h yp e r to n ic  to  the  

worm. T here fo re ,  t h e r e  was p robably  a l o s s  of  water  dur ing  

the washing phase .  Roberts  (1961) showed h igh  va lues  fo r  

t h i s  same age i n  H. diminuta  with  i n f e c t i o n  of  20 and 40 

worms pe r  h o s t .  He a l s o  used a h y p e r to n ic  wash s o l u t i o n  and 

c a l c u l a t e d  t h a t  h i s  da ta  were in  e r r o r  by 5 .8#.

In  c o n t r a s t  to  a h igh growth r a t e  of  worms i n  a c ­

t i v e l y  f eed ing  summer h o s t s ,  the  fo rego ing  r e s u l t s  demon­

s t r a t e  t h a t  h o s t  h i b e r n a t i o n  markedly reduces  the  growth and 

m a tu ra t io n  of  H. c i t e l l i . The i n t e r p r e t a t i o n  of the  r e s u l t s  

i s  d i f f i c u l t  s in c e  many f a c t o r s  a r e  invo lved .  I n  h ib e r n a t in g  

h o s t s  tem pera tu res  a r e  dep ressed ,  a v a i l a b l e  food i s  low, and 

h o s t  phys io logy  i s  r a d i c a l l y  changed. Also the  e f f e c t  de­

pends i n  p a r t  on the d u r a t i o n  of  the  h ib e r n a t i n g  p e r io d  as 

observed i n  the s i z e  and m a tu ra t io n  d i f f e r e n c e s  between 9 

and 13 day o ld  worms (Table VI).  The 9 day old worms came 

from s q u i r r e l s  which h ib e rn a te d  o n e - fo u r th  as long as  did 

those  which harbored  13 day old worms. The ces todes  from 

the former group were th e r e f o r e  l a r g e r  than  the  o ld e r  worms.

On the  b a s i s  o f  the  morphological  measurements made 

on worms i n  h ib e r n a t in g  and n o n -h ib e rn a t in g  h o s t s .
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development and m a tu ra t io n  were a f f e c t e d  more than  any o ther  

v a r i a b l e  ana lyzed .  I n  a d d i t i o n  to  su p p re ss in g  growth i n  

l e n g t h ,  t h e r e  were fewer than  h a l f  as many mature p r o g l o t t i d s  

in  13 day o ld  exper im en ta l  worms as i n  5 day o ld  summer con­

t r o l s .  I f  the  age of  the  13 day o ld  exper im en ta l  worms i s  

co r re c te d  by s u b t r a c t i n g  the  average  number of  h i b e r n a t i n g  

days from the a c t u a l  worm age ,  a c o r r e c t e d  age would c o r ­

respond to  5 day o ld  summer c o n t r o l s  (Table  VI) .  However, 

da ta  fo r  h day o ld  summer c o n t r o l s  (Table  I I )  and 13 day old 

exper im enta l  worms correspond more c l o s e l y  th an  the  l a t t e r  

do to  5 day old worms. This c l e a r l y  i n d i c a t e s  t h a t  de­

velopment i s  i n h i b i t e d  during  the  h i b e r n a t i n g  p e r i o d .

Though a c o r r e l a t i o n  i s  shown between the  s i z e  or  degree  of 

development of H. c i t e l l i  and the  number o f  days the  h o s t  

h i b e r n a t e d ,  the  r e l a t i o n s h i p  i s  no t  p r o p o r t i o n a l .  The s i z e  

of 9 day old  exper im en ta l  worms and a l l  the  w in te r  c o n t r o l s  

i n d i c a t e s  t h a t  f a c t o r s  o th e r  than  the  d e c re a se  i n  body tem­

p e r a t u r e  a r e  in v o lv e d .  Also i n d i c a t i v e  of o th e r  c a u s a t iv e  

f a c t o r s  i s  the  f i n d in g  t h a t  the  p r e p a t e n t  p e r io d  was ex­

tended i n  the  w in te r  c o n t r o l  ces todes  as  w e l l  as i n  the  ex­

p e r im e n ta l  group. While egg l i b e r a t i o n  d id  n o t  occur by the 

13th  day i n  w in te r  c o n t r o l s ,  i t  p robab ly  would have w i th in  

an o th e r  2 days s in c e  g rav id  p r o g l o t t i d s  were p r e s e n t .  This 

i s  a 2 to  4 day p r o lo n g a t io n  of the  summer c o n t r o l  p r e p a t e n t  

p e r i o d .  Even i f  h i b e r n a t i o n  had no t  been i n t e r r u p t e d ,  

pa tency  would p robab ly  have never occu rred  in  worms of
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h ib e r n a t i n g  s q u i r r e l s .  As shown from Experiment IV, the 

worms would l i k e l y  have been d e s t r o b u la t e d  b e fo re  f u l l  ma­

t u r i t y  was reach ed .  Dery (I960) r e p o r t e d  s i m i l a r  r e s u l t s  on 

Schistosomatium d o u t h i t t i  i n  h ib e r n a t i n g  1 3 - l in e d  ground 

s q u i r r e l s .  However, he r e p o r t e d  t h a t  o v u l a t i o n  d id  occur in  

worms p a r a s i t i z i n g  h i b e r n a t i n g  s q u i r r e l s  t h a t  had f r e q u e n t  

a r o u s a l s .

With r e s p e c t  to  worm chem is t ry ,  h i b e r n a t i o n  a f f e c t e d  

two components. F i r s t ,  r e l a t i v e  amounts o f  s o lu b l e  sugar 

c o n te n t  were g r e a t e s t  i n  worms from h i b e r n a t i n g  h o s t s .

Soluble  suga rs  a l s o  compose a l a r g e r  p o r t i o n  of  the t o t a l  

c a rbohydra te s  i n  worms from h i b e r n a t i n g  h o s t s  th an  i n  those  

from n o n -h ib e rn a t in g  h o s t s  (F ig .  5)* A p l a u s i b l e  e x p la n a t io n  

f o r  th e s e  r e l a t i v e  d i f f e r e n c e s  may be t h a t  the  r a t e  of  mono­

sa c c h a r id e  a b s o r p t io n  from gut c o n te n ts  by small  worms i s  

g r e a t e r  than  the  r a t e  of  g ly c o g e n e s i s . This seems p o s s i b l e  

s in c e  a small  amount of  i n g e s ta  was p r e s e n t  i n  the  i n t e s t i n e  

and some d i g e s t i o n  undoubtedly  occurred  i n  the  h o s t ' s  gut  

du r ing  e a r l y  p e r io d s  o f  h i b e r n a t i o n .  This h y p o th e s i s  a l s o  

i s  suppor ted  by the  f a c t  t h a t  4- and 5 day old worms have a 

h ig h e r  s o lu b le  sugar  c o n c e n t r a t i o n  than  do o ld e r  and more 

mature worms. This may be exp la ined  on the  b a s i s  o f  a 

sm a l l e r  worm having  a l a r g e r  su r f a c e  a re a  i n  p r o p o r t io n  to 

i t s  volume than  does a l a r g e  worm. For t h i s  rea so n  the  r a t e  

of  sugar  a b s o r p t io n  should be g r e a t e r  i n  small  c es todes  than 

i n  l a r g e r  ones.  A l t e r n a t i v e l y ,  the  h ig h e r  s o lu b l e  sugar
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p o r t i o n  may be from in c re a s e d  h y d r o ly s i s  of  glycogen with 

decreased  ca tabo l i sm  of  monosaccharides , a l lowing  a h igh e r  

monosaccharide c o n c e n t r a t i o n .  The l a t t e r  e x p la n a t io n  does 

no t  seem as p l a u s i b l e  as the  f i r s t  s in ce  glycogen degrada­

t i o n  i s  normal ly  in f lu e n c e d  among o th e r  th ing s  by a low mono­

sa cc h a r id e  c o n c e n t r a t i o n  and h ig h  in o rg an ic  phosphate  con­

c e n t r a t i o n  i n  many animal c e l l s  (White _et a l . ,  19640.

Second, worm s i z e  i n  h i b e r n a t i n g  animals i s  a l s o  

r e l a t e d  to  p r o t e i n  s y n th e s i s  as shown by the  r e l a t i v e l y  

lower p r o t e i n  c o n ten t  i n  both  13 day old w in te r  c o n t r o l s  and 

expér im en ta is  than  i n  summer c o n t r o l  worms (Table X; F ig .  6 ) .  

The lower p r o t e i n  c o n ten t  i s  p o s s ib l y  the  r e s u l t  of reduced 

m a tu ra t io n  and developmental  r a t e  i n  th ese  worms. I t  ap­

p ea rs  t h a t  s y n th e s i s  of  p r o t e i n s  i s  i n h i b i t e d  by h i b e r n a t i o n  

and t h i s  i s  a l s o  r e f l e c t e d  i n  the  l a c k  of sperm and ova p r o ­

d u c t io n .  Where m etabol ic  r a t e s  a re  reduced,  the  normal 

growth and development of the  worms a re  r e t a r d e d  a c c o rd in g ly .  

L ip id  c o n c e n t r a t io n s  do no t  seem to  be a f f e c t e d  by h ib e r n a ­

t i o n  (Table XI) . There i s  a s l i g h t l y  h ig h e r  l i p i d  f r a c t i o n  

i n  worms from h ib e r n a t i n g  s q u i r r e l s  than  in  c o n t r o l s .

The time a t  which a h o s t  e n te r s  h ib e r n a t i o n  a f t e r  

i n f e c t i o n  w i th  a p a r a s i t e  i s  im por tan t  fo r  the su c c e s s fu l  

e s t a b l i s h m e n t  of the p a r a s i t e .  Chute (1961, 1964) observed 

t h a t  T. s p i r a l i s  i s  complete ly  e l im in a te d  i f  the h o s t  h i b e r ­

na tes  w i th in  72 hours a f t e r  exposure to  the  p a r a s i t e .  

Blanchard and B l a t i n  (1907) observed t h a t  the l e t h a l  e f f e c t s
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of  4- sp e c ie s  of Trypanosoma a re  reduced i n  marmots i f  h i b e r ­

n a t io n  occurs  w i th in  5 days a f t e r  exposure to  th e se  p a r a ­

s i t e s .  I have observed s i m i l a r  r e s u l t s  w i th  H. c i t e l l i . I f  

the  ground s q u i r r e l  h i b e r n a t e s  w i th in  4-8 hours a f t e r  i n f e c ­

t i o n ,  l e s s  than  o f  the  ces todes  i s  recovered  and only  5% 

recovered  i f  h i b e r n a t i o n  was induced w i th in  72 h o u rs .  For 

s p e c i a l i z e d  organisms such as c e s to d e s ,  energy requ irem en ts  

during the  p e r io d  o f  r a p i d  growth and c e l l u l a r  d i f f e r e n t i a ­

t i o n  i s  c r i t i c a l .  T here fo re ,  any extreme change i n  tempera­

tu re  and consequent h o s t  physio logy  w i l l  be r e f l e c t e d  i n  the  

economy of the  worm p a r a s i t e s .

An a n a l y s i s  of  the  d a ta  from w in te r  c o n t r o l  worms 

a l s o  shows a sm a l le r  s i z e ,  and r e t a r d e d  development and mat­

u r a t i o n  as compared to  summer c o n t r o l s .  As shown i n  Table I 

t h e re  i s  a lower,  b u t  n o n - s i g n i f i c a n t ,  recovery  o f  w in te r  

c o n t r o l s  than  i n  summer c o n t r o l s .  This i n d i c a t e s  t h a t  the  

decreased  body tem p era tu re  a lone  cannot  be c r e d i t e d  w ith  the  

t o t a l  e f f e c t s  of  h i b e r n a t i o n .  Ground s q u i r r e l s  d ec rease  

t h e i r  food consumption when p h y s i o l o g i c a l l y  p rep a red  to  

h i b e r n a t e .  The d ec rea se  i s  observed even though the  body 

tem pera tu re  does n o t  d e c re a se .  E s s e n t i a l l y  t h i s  r e s u l t s  i n  

s t a r v in g  the  ces tode  dur ing  p e r io d s  of  a h igh  m etabo l ic  

r a t e .  This concept i s  f u r t h e r  s u b s t a n t i a t e d  when the  da ta  

a re  compared to those  c o l l e c t e d  by Read e t  a l .  (1958) on 

H. c i t e l l i  from hamsters  on carbohydra te  f r e e  d i e t s .  These 

au tho rs  recorded  wet weigh ts  of  13.9 mg f o r  14- day old
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worms. In  Experiment I I ,  13 day o ld  w in te r  c o n t r o l  worms 

weighed 13-7 mg (Table  VI) , D i f f e r e n t  h o s t s  and worm loads  

do n o t  p e rm i t  a c c u r a t e  comparisons;  however, i t  appears  t h a t  

the  worms were s t a r v e d  f o r  ca rbohydra te s  under both  condi­

t io n s  .

Examination of Tables XII and XIII  shows t h a t  h i ­

b e rn a t io n  does n o t  complete ly  i n h i b i t  metabolism in  a d u l t  

worms. Fresh  and d ry  weights  were app rox im ate ly  45^ l e s s  

i n  exper im en ta l  th an  i n  summer c o n t r o l  worms. Glycogen i s  

the  p r i n c i p a l  compound which occurs  i n  s i g n i f i c a n t l y  sm a l le r  

amounts, e s p e c i a l l y  i n  worms from s q u i r r e l s  which h ib e r n a te d  

6 .5  days (Group I I )  as compared to  those  from s q u i r r e l s  

which h ib e r n a t e d  4 days (Group I ) .  The f a c t  t h a t  the  g ly ­

cogen c o n te n t  i n  Group I I  expér im en ta is  i s  n e a r l y  l4 ^  l e s s  

than  the  c o n t r o l s  adds f u r t h e r  evidence  t h a t  food d e p r iv a ­

t i o n  i s  an im p o r tan t  in f lu e n c e  o f  the  h o s t  h i b e r n a t i o n  on 

the  worms. When conver ted  to  a wet weight  r e l a t i o n s h i p ,  

d im in u t io n  i n  g lycogen s y n t h e s i s  and s to r a g e  i n  th e  e x p é r i ­

mentais  (Groups I and I I )  approximates  t h a t  observed by 

Read and Rothman (1957) i n  H. c i t e l l i  from ham ste rs  s t a rv e d  

48 ho u rs .  Although th ese  a u th o r s  used a d i f f e r e n t  h o s t  and 

type of  food in  t h e i r  exper im ents ,  worm lo ad  and age a re  

comparable. T h e re fo re ,  i t  seems re a so n a b le  to  p o s t u l a t e  

t h a t  h i b e r n a t i o n  r e t a r d s  ces tode  metabolism, bu t  does no t  

complete ly  i n h i b i t  i t .  The f a c t  t h a t  metabolism does con­

t in u e  a t  a reduced r a t e  may accoun t  f o r  the  d e s t r o b u l i s a t i o n
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of a d u l t  worms a f t e r  3 weeks in  a h i b e r n a t i n g  h o s t ,  s in ce  

Reid ( 19^ 2 ) found t h a t  R a i l l i e t i n a  c i s t i c e l l u s  became 

d e s t r o b u la t e d  i n  a h o s t  s t a r v e d  fo r  2^ h o u rs .

While the  maximum l i f e  span of  H. c i t e l l i  i s  no t

known i n  the  1 3 - l in e d  ground s q u i r r e l s ,  I have m ain ta ined  i t  

f o r  more than  10 months dur ing  my i n v e s t i g a t i o n .  There fo re ,  

the  l o n g e v i t y  o f  t h i s  ces tode  i s  adequa te  to  ex tend through 

the  w in te r  o f  h o s t  h i b e r n a t i o n  i n  Oklahoma. Experiment IV 

i n d i c a t e s  t h a t  the  ces tode  may su rv iv e  the  w in t e r  i n  a h i ­

b e r n a t in g  s q u i r r e l .  The worm i s  d e s t r o b u la t e d  w i t h i n  3 

weeks a f t e r  the  h o s t  e n t e r s  h i b e r n a t i o n  but  the  s c o le x  and 

p ro b ab ly  a p o r t i o n  of the  neck remain i n  the  i n t e s t i n e .  

Scoleces  were n o t  reco v ered  from any h o s t  a l lowed  to  ove r ­

w in te r  i n  the  cold  room. However, the  f a c t  t h a t  ova d id  not

appear  u n t i l  2 o r  3 weeks a f t e r  the  s q u i r r e l s  were moved to

a warm room i n d i c a t e s  t h a t  only the  s c o le x  and neck reg io n  

remained.  D e s t r o b u l i s a t i o n  appears  to  be a r e sp o nse  to  c a r ­

bohydra te  d e f i c i e n c y  or  h o s t  s t a r v a t i o n ,  and i n  any event  

seems to  be an a d a p t a t i o n  f o r  H. c i t e l l i  to  reduce  energy 

requ i rem en ts  w h i le  i t s  h o s t  i s  h i b e r n a t i n g .

Ç. t r i d e c e m l i n e a t u s  i s  a n a t u r a l  h o s t  f o r  H. 

c i t e l l i . MeCarley ( I 966) has made a d e t a i l e d  s tudy  of  the 

1 3 - l in e d  ground s q u i r r e l ' s  behavior  i n  North Texas. His 

f i n d in g s  a re  i n  c lo s e  agreement with  my knowledge of  the  

behav io r  of  ground s q u i r r e l  p o p u la t io n s  in  C e n t r a l  Oklahoma. 

Adult ground s q u i r r e l s  feed  maximally dur ing  May and e a r ly
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June.  Before  mid-Ju ly  many of th e se  animals go underground 

and most o f  them do no t  reappea r  above ground u n t i l  mid- 

March of  the  fo l low ing  y e a r .  Nearly a l l  a d u l t s  a re  under­

ground by mid-August. I n  c o n t r a s t ,  the  young of the  year

forage  maximally the  l a t t e r  p a r t  o f  the  summer and do n o t  go

underground u n t i l  mid-October .

A survey of  a Ç. t r id e c e m l in e a tu s  p o p u la t io n  i n  

Centra l  Oklahoma in d ic a t e d  t h a t  H. c i t e l l i  p o p u la t io n  f l u c ­

t u a t io n s  c o r r e l a t e  very  c lo s e l y  with  the  feed ing  h a b i t s  and 

behavior  o f  i t s  h o s t  p o p u la t i o n .  During the  summer of 1962, 

70^ of  the s q u i r r e l  p o p u la t io n  harbored  H. c i t e l l i . The 

average i n f e c t i o n  was 6 worms pe r  h o s t ,  bu t  maximum number 

of  worms recovered  from a s i n g l e  h o s t  was 17 . Adult  s q u i r ­

r e l s  had a peak i n f e c t i o n  during l a t e  May and e a r l y  June 

during the maximal feed ing  p e r i o d .  T h e r e a f t e r ,  fewer a d u l t s  

were cap tured  as they  remained near  the  burrow and seldom

reappeared  a f t e r  being d i s t u r b e d .  Young s q u i r r e l s  showed a

maximal i n f e c t i o n  r a t e  in  August. In  r e l a t i o n  to  t h i s  be ­

h a v io r ,  s q u i r r e l s  i n f e c t e d  2 to  ^ weeks p r i o r  to  h i b e r n a t i o n  

may r e t a i n  a t  l e a s t  a p o r t i o n  of t h e i r  worm burden u n t i l  the 

fo l low ing  s p r in g .  The worm i s  d e s t r o b u la t e d  bu t  the  sc o lex  

may remain i n  the  h o s t .  This r e s i d u a l  p o p u la t io n  o ve r ­

w in te r in g  i n  the  h i b e r n a t i n g  s q u i r r e l  i s  p robably  s u f f i c i e n t  

to m ain ta in  the  s p e c i e s .  Two advantages may e x i s t  i n  the  

c e s to d e ’s behav io r .  F i r s t ,  the  worm i s  a l r e a d y  e s t a b l i s h e d  

when the s q u i r r e l  emerges from h i b e r n a t i o n ,  a time when the
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i n s e c t  p o p u la t io n  i s  s t i l l  low. T here fo re ,  the  ces tode  i s  

n o t  dependent on the  i n te r m e d ia te  h o s t  a lone  f o r  i t s  con­

t in u a n ce .  Second, Read (1959) re p o r t e d  t h a t  the  l i f e  span 

of H. c i t e l l i  i n  hamsters  i s  70-90 days.  My o b se rv a t io n s  

confirm Read 's  f i n d i n g s .  However, t h i s  ces tode  l i v e s  10 

months or lo n g e r  i n  s q u i r r e l s  which h i b e r n a t e .  I t  i s  very  

l i k e l y  t h a t  h i b e r n a t i o n  may extend the  l i f e  span of  the  worm 

from one season to  the  n e x t .  While i t  i s  a l s o  p o s s i b l e  t h a t  

t h i s  ces tode  su rv iv e s  the  w in te r  i n  an i n te r m e d ia t e  h o s t ,  

no a t t em p t  was made to  de termine  the  n a t u r a l  i n t e r m e d ia t e  

h o s t  or h o s t s .

S q u i r r e l s  were allowed to  e a t  and d r in k  dur ing  

a ro u s a l  p e r io d s  i n  t h i s  i n v e s t i g a t i o n  b u t ,  as to  what r e l a ­

t io n s h ip  t h i s  has to  n a t u r a l  c o n d i t io n s  i s  no t  known. How­

ev er ,  adequate  evidence  i s  l a c k in g  to  determine  whether  

ground s q u i r r e l s  do or do no t  come above ground dur ing  warm 

days of the w in te r  p e r i o d .  Labora to ry  o b se rv a t io n s  i n d i c a t e  

t h a t  they do (P e n ge l ley  and F i s h e r ,  1961), and th e  1 3 - l in e d  

ground s q u i r r e l  i n  C e n tra l  Oklahoma has been seen  above 

ground i n  e a r l y  February .



SUMMARY

Host h i b e r n a t i o n  d r a m a t i c a l l y  reduces  the  growth, 

m a tu ra t io n ,  and development o f  Hymenolepis c i t e l l i . The 

e f f e c t s  a r e  dependent  on the  d u r a t i o n  of the  h i b e r n a t i n g  

p e r io d  and the  time h i b e r n a t i o n  i s  induced a f t e r  i n f e c t i o n .  

Sperm and ova p r o d u c t io n  i n  worms from h i b e r n a t i o n  animals  

i s  comparable to  t h a t  of  5 day o ld  summer c o n t r o l  c e s to d e s .  

In  young worms glycogen c o n te n t  changes very  l i t t l e ,  b u t  an 

i n c r e a s e  i n  a lc o h o l  s o lu b le  sugars  i s  s i g n i f i c a n t .  P r o t e i n  

co n te n t  i s  lower in  13 day old expér im en ta is  than  i n  9 day 

o ld  e x p é r im e n ta i s ,  whereas l i p i d  co n te n t  does n o t  change 

s i g n i f i c a n t l y .  In  a d u l t  worms glycogen c o n ten t  i s  s i g n i f i ­

c a n t ly  reduced by h o s t  h i b e r n a t i o n .  P r o t e i n  and l i p i d  con­

t e n t  i n  exper im en ta l  a d u l t  worms approxim ate ly  equal  t h a t  

i n  the  c o n t r o l s .

H. c i t e l l i  can su rv iv e  the  w in te r  i n  a h i b e r n a t i n g  

h o s t ,  bu t  i s  d e s t r o b u l a t e d  i n  3 weeks a f t e r  the  i n i t i a t i o n  

of  h i b e r n a t i o n .  The l i f e  span o f  t h i s  ces tode  may be ex­

tended a t  l e a s t  7 months by h o s t  h i b e r n a t i o n ,  s in c e  s e n e s ­

cence occurs  w i t h in  90 days i n  o th e r  h o s t s .
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