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A B S T R A C T

The b lood  o x y g e n  c a p a c i t y  of 25 m a l e  and 25 f e m a l e  L e p t o ­

d a c ty lu s  f a l l a x  w a s  d e t e r m i n e d  by the Grant  m o d i f i c a t i o n  of the  

R ough ton  and S c h o la n d e r  m i c r o g a s o m e t r i c  s y r i n g e  m e t h o d  d u r in g  the  

s u m m e r  of 1966 on the i s l a n d  of D o m i n i c a ,  B r i t i s h  W e s t  I n d ie s .  

E r y t h r o c y t e  counts  and h e m o g l o b i n  c o n ten t  of the b lo o d  of 5 m a l e s  and  

5 f e m a l e s  w e r e  d e t e r m i n e d  d u r in g  Ju ly  of 1967 a c c o r d i n g  to s ta n d a r d  

p r o c e d u r e s  on s p e c i m e n s  w h ic h  had b e e n  r e t u r n e d  to the  C o l l e g e  of 

W i l l i a m  and M a r y  and m a in t a in e d  in an  a n im a l  r o o m  fo r  one y e a r .

L e p t o d a c t y lu s  f a l l a x  has  a m e a n  b lood  o x y g e n  c a p a c i t y  of 

10. 5 vo l .% .  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  in b lood  o x y g en  

c a p a c i t y  b e t w e e n  p op u la t io n s  l i v in g  at  I, 200 f e e t  and t h o s e  l i v in g  at  

s e a  l e v e l .  T h e r e  i s ,  h o w e v e r ,  a h ig h ly  s i g n i f i c a n t  s e x u a l  d i f f e r e n c e

in  b lood  o x y g e n  c a p a c i t y  w ith  m a l e s  h a v in g  a h ig h e r  v a lu e  than f e m a l e s .

3
T he  m e a n  e r y t h r o c y t e  count  i s  672 ,  000  c e l l s  p e r  m m  . F e m a l e s  have  

a s i g n i f i c a n t l y  h ig h e r  cou n t  than m a l e s .  T h e  m e a n  h e m o g l o b i n  c o n te n t  

i s  10. 9 g m .  %. F e m a l e s  h a v e  a h ig h e r  h e m o g l o b i n  c o n te n t  than m a l e s ,  

but the d i f f e r e n c e  i s  not s t a t i s t i c a l l y  s ig n i f i c a n t .

T h e r e  i s  a s i g n i f i c a n t  i n c r e a s e  in  b lood  o x y g e n  c a p a c i t y  with  an  

i n c r e a s e  in body w e ig h t ,  and a h ig h ly  s ig n i f i c a n t  d e c r e a s e  in  b lo o d



o x y g e n  c a p a c i t y  p e r  g r a m  of body w e ig h t  w ith  an  i n c r e a s e  in body  

w eigh t .  E r y t h r o c y t e  cou nt  i n c r e a s e s  s l i g h t l y ,  but not  s ig n i f i c a n t ly ,  

w ith  an i n c r e a s e  in  body  w e ig h t ,  w h i l e  h e m o g l o b i n  c o n te n t  d e c r e a s e s  

s l i g h t l y ,  but not s i g n i f i c a n t l y , w ith  an i n c r e a s e  in  body w e ig h t .

D i s c  e l e c t r o p h o r e s i s  on p o l y a c r y l a m i d e  g e l s  at pH 8. 3 in d ic a te d  

that m a l e  and f e m a l e  b lo o d  h a v e  id e n t i c a l  p r o t e in  c o m p o n e n t s .  D e t e r ­

m in a t io n  of the w a v e l e n g t h s  of m a x i m u m  a b s o r p t io n  of m a l e  and f e m a l e  

o x y h e m o g lo b in  and c a r b o n  m o n o x y h e m o g l o b i n  in d ic a t e d  that m a l e  and  

f e m a l e  h e m o g l o b i n s  w e r e  i d e n t i c a l .  It w a s  c o n c lu d e d  that m a l e  and  

f e m a l e  b lood  o x y g e n  c a p a c i t y  m u s t  d i f fe r  for  r e a s o n s  o th er  than t h o s e  

r e v e a l e d  by t h e s e  m e t h o d s .

v i i i
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INTR O D U C TIO N

A lo n g  the  m o i s t u r e  g r a d ie n t  in  n a t u r e  t h e r e  a r e  found m a n y  

■widely d i f f e r e n t  h a b i ta t s  ra n g in g  f r o m  p u r e ly  aqu at ic  to c o m p l e t e l y  

t e r r e s t r i a l .  A m p h ib ia n s  h a v e  taken  a d v a n ta g e  of m u c h  of th is  w id e  

r a n g e  of h a b i ta t s ,  and in adap t ing  to a p a r t i c u l a r  e n v ir o n m e n t ,  ea ch  

s p e c i e s  has  d e v e l o p e d  p h y s i o l o g i c a l  c a p a b i l i t i e s  s u i t e d  to that e n v i r o n ­

m e n t .  P r e v i o u s  r e s e a r c h  has  in d ic a t e d  that  a m o n g  a m p h ib ia n s  c o n ­

s i d e r a b l e  i n t e r s p e c i f i c  v a r ia t io n  e x i s t s  with  r e s p e c t  to b lo o d  o x y g en  

c a p a c i t y ,  e r y t h r o c y t e  count ,  and h e m o g l o b i n  co n ten t ,  and that t h e s e  

f a c t o r s  a r e  c o r r e l a t e d  with  the h ab ita t  o c c u p ie d  by  e a c h  s p e c i e s .

B lo o d  o x y g e n  c a p a c i t y  i s  a m e a s u r e  of how m u c h  o x y g e n  can  

c o m b i n e  w ith  a g iv e n  v o l u m e  of b lood .  It i s  u s u a l l y  e x p r e s s e d  as  

v o l u m e s  p e r c e n t  (vol.  %) or the  n u m b e r  of cubic  c e n t i m e t e r s  of ox y g en ,  

c o r r e c t e d  to s ta n d a r d  t e m p e r a t u r e  and p r e s s u r e ,  w h ic h  ca n  c o m b i n e  

w ith  100 m l  of b lood .  P r o s s e r  and B r o w n  (1961) ta b u la te  v a lu e s  for  

s e v e r a l  i n v e r t e b r a t e  and v e r t e b r a t e  s p e c i e s .  P o i k i l o t h e r m i c  v e r t e ­

b r a t e s  g e n e r a l l y  h a v e  lo w e r  b lo o d  o x y g e n  c a p a c i t i e s  than do h o m i o -  

t h e r m s .

R e d f i e l d  (1933) p o in ts  out that the  e v o lu t i o n a r y  t r a n s i t i o n  f r o m  an

aq u at ic  to a t e r r e s t r i a l  h ab ita t  w a s  a c c o m p a n i e d  by c h a n g e s  in  the

m e t h o d  of a e r a t i n g  b lo o d  and in  the  c o n d i t io n s  to w h ic h  b lo o d  i s  e x p o s e d

Z
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in  r e s p i r a t o r y  o r g a n s  and by an i n c r e a s e  in a c t i v i t y  'which w ould  r e q u i r e  

m o r e  e f f e c t i v e  c i r c u l a t i o n  of oxygen .  T h e s e  i n c r e a s e d  d e m a n d s  for  

o x y g e n  t r a n s p o r t  w e r e  m e t  by  an  i n c r e a s e  in  r e d  c e l l  v o l u m e ,  in  the  

a m o u n t  of h e m o g l o b i n  in e r y t h r o c y t e s ,  and in the  s p e e d  and d e g r e e  of  

o x y g e n  e x c h a n g e  b e t w e e n  b lo o d  and t i s s u e s  (R ed f ie ld ,  1933). T h e s e  

ada p ta t io n s  of the  b lo o d  to the  e x t e r n a l  and i n t e r n a l  e n v i r o n m e n t  a r e  

r e f l e c t e d  today  w ith in  the c l a s s  A m p h ib ia ,  s i n c e  t e r r e s t r i a l  s p e c i e s  

g e n e r a l l y  e x h ib i t  h ig h e r  b lo o d  o x y g e n  c a p a c i t i e s  than do aq u at ic  or 

s e m i - a q u a t i c  s p e c i e s .

The  aqu at ic  C ongo e e l ,  A m p h i u m a  t r i d a c t y l a ,  s h o w e d  a m e a n  

blo o d  o x y g e n  c a p a c i t y  of 5. 3 v o l .%  fo r  s e v e n  s p e c i m e n s  (Scott,  1931).

In 1934 W o lv e k a m p  and L o d e w i j k s  r e p o r t e d  m e a n  b lo o d  o x y g e n  c a p a c i t y  

v a l u e s  of 7. 6 v o l .  % for  n in e  s p e c i m e n s  of the aqu at ic  f r o g ,  R ana  e s c u -  

l e n ta ,  and 12. 0 v o l .  % for  t h r e e  s p e c i m e n s  of the  s e m i - t e r r e s t r i a l  

f r o g ,  R. t e m p o r a r i a  (in L e f t w i c h  and B u r k e ,  1964). M c C u t c h e o n  (1936) 

p u b l i s h e d  a m e a n  b lo o d  o x y g e n  c a p a c i t y  v a lu e  of 10. 2 vo l .  % fo r  t h r e e  

adu lt  b u l l f r o g s ,  R. c a t e s b e i a n a ,  and 7 . 8  vo l .  % for  two ta d p o le s  of the  

s a m e  s p e c i e s .  L e f t w i c h  and B u r k e  (1964) found that the aq u at ic  f r o g s ,

R. c l a m i t a n s  and R. c a t e s b e i a n a , had m e a n  b lood  o x y g e n  c a p a c i t i e s  of

6. 0 and 6. 9 vo l .  % for  43 and 52 s p e c i m e n s ,  r e s p e c t i v e l y ,  w h i l e  50 

in d iv id u a l s  of the s e m i - t e r r e s t r i a l  f r o g ,  R. p i p i e n s , had a m e a n  v a lu e  

of 10. 3 vo l .  %. E ight  s p e c i m e n s  of th e  g iant  toad, Bufo  p a r a c n e m i s ,



4
e x h ib i te d  a m e a n  b lood  o x y g e n  c a p a c i t y  of 14. 8 vo l .  % (J o h a n s e n  and  

D ita d i ,  1966). F o r  the  c l a s s  A m p h ib ia ,  t h e r e f o r e ,  r e p o r t e d  v a lu e s  for  

b lo o d  o x y g e n  c a p a c i t y  r a n g e  f r o m  5. 3 to 14. 8 v o l .  % and show good  

c o r r e l a t i o n  with  hab itat ,  b e in g  h i g h e r  in t e r r e s t r i a l  s p e c i e s  than in  

aq u at ic  s p e c i e s .

T he  o x y g e n  c a p a c i t y  of b lo o d  is  d e t e r m i n e d  by m a n y  of i t s  p h y s i ­

c a l  and c h e m i c a l  p r o p e r t i e s ,  two of w h ic h  a r e  the  d e n s i t y  of e r y t h r o ­

c y t e s  and the  c o n c e n t r a t i o n  of h e m o g l o b i n .  E r y t h r o c y t e  c ou n ts  a r e

3
e x p r e s s e d  a s  the  n u m b e r  of r e d  b lo o d  c e l l s  p e r  m m  of b lood .  U r o d e l e s

3
h a v e  low e r y t h r o c y t e  c o u n t s ,  r a n g in g  f r o m  36, 000 to 177, 0 0 0 / m m  

(F o x o n ,  1964; M y e r s  and A l e x a n d e r ,  1945),  w h i le  ran id  f r o g s  h a v e  

i n t e r m e d i a t e  c o u n t s ,  r a n g in g  f r o m  2 5 2 , 0 0 0  to 5 1 2 , 0 0 0 / m m  , and  

bu fon id s  and h y l id s  h a v e  h igh  c o u n t s ,  r a n g in g  f r o m  615, 000 to 

1, 000 ,  0 0 0 / m m ^  (H u tch in son  and S z a r s k i ,  1965; F o x o n ,  1964).  In g e n ­

e r a l ,  t h e r e  i s  good c o r r e l a t i o n  of r e d  c e l l  n u m b e r  with  hab ita t  and  

w ith  b lo o d  o x y g e n  c a p a c i t y  a m o n g  a n u r a n s ,  with  t e r r e s t r i a l  s p e c i e s  

h a v in g  m o r e  e r y t h r o c y t e s  p e r  unit  v o l u m e  and g r e a t e r  b lood  o x y g e n  

c a p a c i t y  than aq u at ic  s p e c i e s  (H u tch in so n  and S z a r s k i ,  1965; L e f t w i c h  

and B u r k e ,  1964).

H e m o g lo b in  c o n te n t  of b lo o d  i s  e x p r e s s e d  in g r a m s  p e r c e n t  

(gm .  %) or the n u m b e r  of g r a m s  of h e m o g l o b i n  in 100 m l  of b lood .  F e w  

r e p o r t s  h a v e  b e e n  m a d e  c o n c e r n i n g  the  h e m o g l o b i n  c o n te n t  of u r o d e l e
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blood .  E v i d e n c e  f r o m  r e s e a r c h  on a nu ran  blood, h o w e v e r ,  s u g g e s t s  

that c o r r e l a t i o n s  e x i s t  b e t w e e n  h e m o g lo b in  c o n te n t  and habitat  and  

b e t w e e n  h e m o g l o b i n  c o n te n t  and b lood  o x y g en  c a p a c i t y .  R anid  f r o g s  

h a v e  b lood  w ith  a h e m o g l o b i n  c o n te n t  r a n g in g  f r o m  6. 5 to 9. 9 g m .  % 

and low b lood  o x y g e n  c a p a c i t i e s  (Leftwich and B u r k e ,  1964) w h i le  the  

m o r e  t e r r e s t r i a l  bufonids  and h y l id s  h a v e  b lood  w ith  a h ig h e r  h e m o ­

g lob in  c o n te n t ,  ra n g in g  f r o m  8. 7 to 11. 3 g m . % and h ig h e r  b lood  o x y ­

gen  c a p a c i t i e s  (Goin and J a c k s o n ,  1965; J o h a n s e n  and D itad i ,  1966; 

S tuart ,  1951).

In the  i n v e s t i g a t i o n  r e p o r t e d  h e r e ,  the o x y g e n  c a p a c i t y ,  e r y t h r o ­

c y t e  count ,  and h e m o g l o b i n  c o n te n t  of the b lood  w e r e  d e t e r m i n e d  for  

L e p t o d a c t y lu s  f a l l a x ,  a l a r g e  f r o g  e n d e m ic  to the i s l a n d  of D o m i n i c a ,  

B r i t i s h  W e s t  I n d ie s .  It o c c u r s  a lo n g  v a l l e y s  and on m o u n ta in  s l o p e s  

f r o m  s e a  l e v e l  to a p p r o x i m a t e l y  I, 200 f e e t .  B y  day  i t  r e m a i n s  h idden  

under  l o g s ,  r o c k s ,  or d e n s e  v e g e ta t io n ;  at n ight  it  e m e r g e s  to f e e d ,  

m a i n l y  on i n s e c t s .  L .  f a l l a x  i s  found only in m o i s t  r e g i o n s  of the  i s l a n d  

but i s  r a r e l y  found in w a t e r  (B r o o k s ,  u npub l ished) .  T h e r e f o r e ,  i t  can  

be  t e r m e d  a " s e m i - t e r r e s t r i a l ” f r o g .

T h e  m a j o r  p u r p o s e  of th is  i n v e s t i g a t i o n  w a s  to d e t e r m i n e  if  the  

p h y s i o l o g i c a l  p r o p e r t i e s  of o x y g e n  c a p a c i t y ,  r e d  c e l l  count ,  and h e m o ­

g lo b in  c o n te n t  of the  b lood  of L e p t o d a c t y lu s  f a l l a x  a r e  of the  s a m e  

m a g n i t u d e  as  in o th er  s e m i - t e r r e s t r i a l  and t e r r e s t r i a l  a n u r a n s .  In
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add it ion  the  c o r r e l a t i o n s  b e t w e e n  b lo o d  o xygen  c a p a c i t y ,  e r y t h r o c y t e  

count ,  h e m o g lo b in  c o n te n t  and the  p a r a m e t e r s  of a l t i tu d e ,  body w e ig h t ,  

and s e x  w e r e  e x a m in e d .  D u r in g  the c o u r s e  of the  i n v e s t i g a t i o n  it  

b e c a m e  c l e a r  that d i f f e r e n c e s  e x i s t  in  o x y g e n  c a p a c i t y  of the  b lo o d  of  

m a l e s  and f e m a l e s .  T h e r e f o r e ,  a th ird  a s p e c t  of th is  i n v e s t i g a t i o n  w a s  

to a t t e m p t  to d e t e r m i n e  w h e t h e r  th is  d i f f e r e n c e  r e f l e c t e d  d i f f e r e n c e s  in  

e l e c t r o p h o r e t i c  p r o p e r t i e s  or in  a b s o r p t io n  s p e c t r a  of h e m o g l o b i n s  of  

m a l e s  and f e m a l e s .  It i s  of i n t e r e s t  to n o te  that no r e p o r t s  c a n  be  

found in  the  l i t e r a t u r e  c o n c e r n i n g  the r e s p i r a t o r y  p r o p e r t i e s  of the  

b lo o d  of any  m e m b e r  of the  f a m i l y  L e p t o d a c t y l i d a e .  S i n c e  G o r m a n  and  

D e s s a u e r  (1965) s h o w e d  that p o p u la t io n s  of the ig u a n id  l i z a r d ,  A n o l i s  

r o q u e t , l i v in g  on d i f f e r e n t  i s l a n d s  in  the W e s t  In d ie s  had h e m o g l o b i n s  

w h ic h  d i f f e r e d  in e l e c t r o p h o r e t i c  p a t te rn ,  i t  m ig h t  b e  e x p e c t e d  that  

L. f a l l a x  h e m o g l o b i n  would  h a v e  an e l e c t r o p h o r e t i c  p a t t e rn  d i f f e r e n t  

f r o m  the p a t te rn  of h e m o g l o b i n s  f r o m  o th er  s p e c i e s  of L e p t o d a c t y lu s  

f r o m  the m a in la n d  of South  A m e r i c a .



M A T E R IA L S  A N D  M ETHODS

A  tota l of 60 s p e c i m e n s  of L e p to d a c t y lu s  f a l l a x  w e r e  u s e d  in  th is  

study.  T h ey  w e r e  c a u g h t  by  hand at  n igh t  with the a id  of a f l a s h l i g h t  

d u r in g  Ju n e ,  Ju ly ,  and A u g u s t  of 1966 at th r e e  d i f f e r e n t  l o c a t i o n s  on 

the  i s l a n d  of D o m i n i c a ,  B r i t i s h  W e s t  I n d ie s .  F i f t y  of t h e s e  s p e c i m e n s  

(45 f r o m  H i l l s b o r o u g h  E s t a t e  and M a n n e t ' s  Gutter,  e l e v a t i o n  5 0 - 4 0 0  

fee t ;  5 f r o m  S p r in g f i e ld  E s t a t e ,  e l e v a t i o n  1, 200 fe e t )  w e r e  u s e d  in  the  

d e t e r m i n a t i o n  of b lood  o x y g e n  c a p a c i t y  w i th in  one w e e k  a f t e r  th e ir  

c a p t u r e  d u r in g  the s u m m e r  of 1966. T h e s e  a n i m a l s  w e r e  m a in t a in e d  

unti l  u s e d  in  m o i s t  c lo th  b a g s .  T en  s p e c i m e n s  (a ll  f r o m  H i l l s b o r o u g h  

E s t a t e )  w e r e  r e t u r n e d  to W i l l i a m s b u r g  and u s e d  in  the  d e t e r m i n a t i o n  of 

e r y t h r o c y t e  d e n s i t y  and h e m o g l o b i n  c o n te n t  during  the  s u m m e r  of 1967.  

T h e s e  ten a n i m a l s  w e r e  a l s o  u s e d  as  b lo o d  s o u r c e s  fo r  the  e l e c t r o ­

p h o r e t i c  and a b s o r p t i o n  s t u d i e s  in  1968. T h ey  w e r e  m a in t a in e d  f r o m  

1966 to 1968 a t  7 0 - 8 0 ° F  in  a d iu r n a l ly  l ig h te d  r o o m  in s e v e n - f o o t  d i a ­

m e t e r  c o r r u g a t e d  m e t a l  e n c l o s u r e s  co n ta in in g  s t e r i l i z e d  s o i l ,  w o o d e n  

b o a r d s  fo r  s h e l t e r ,  and pans  of w a t e r .  L i v e  c r i c k e t s  w e r e  s u p p l i e d  

f o r  food .

A t  the  t i m e  of t e s t i n g  the  f o l l o w i n g  in f o r m a t io n  w a s  r e c o r d e d :  

body w e i g h t  to  the  n e a r e s t  0. I g r a m ,  s n o u t - v e n t  len g th  in  m l ,  and s e x
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a s  d e t e r m i n e d  by the p r e s e n c e  of b la c k  thumb pads  on m a l e s  and by  

d i s s e c t i o n  and gon ad a l  e x a m in a t io n  in  q u e s t io n a b le  c a s e s .  E ach  

s p e c i m e n  u s e d  f o r  b lo o d  o x y g e n  c a p a c i t y  d e t e r m i n a t i o n  w a s  d o u b ly -  

pithed ,  the c o e l o m  and p e r i c a r d i u m  w e r e  s l i t  open, and b lood  w as  

r e m o v e d  f r o m  the v e n t r i c l e  by m e a n s  of a No. 27 n e e d l e  a t t a c h e d  to a 

h e p a r i n i z e d ,  o n e - c c .  s y r i n g e .  B e t w e e n  t e s t s  b lood  w a s  s t o r e d  in the  

s y r i n g e  w h ich  w a s  c a p p e d  and i m m e r s e d  in i c e  w a t e r .  T h o s e  s p e c i ­

m e n s  u s e d  for  e r y t h r o c y t e  and h e m o g l o b i n  d e t e r m i n a t i o n s  c o u ld  not  

b e  s a c r i f i c e d ;  t h e r e f o r e ,  a s m a l l  i n c i s i o n  w a s  m a d e  in  the sk in  of the  

v e n t e r  and b lood  w a s  r e m o v e d  f r o m  the v e n tr a l  a b d o m in a l  ve in  by  

m e a n s  of a No.  27 n e e d l e  a t t a c h e d  to a h e p a r i n i z e d ,  o n e - c c .  s y r i n g e .  

B lo o d  for  e l e c t r o p h o r e s i s  and a b s o r p t io n  s tu d ie s  w a s  obta ined  in  a  

s i m i l a r  s y r i n g e  by  f o r c i n g  the n e e d l e  th rou gh the  sk in  and body w a l l  

j u s t  p o s t e r i o r  to the s t e r n u m  and d i r e c t l y  into  the h e a r t .

B lo o d  o x y g e n  c a p a c i t y  w a s  d e t e r m i n e d  by the m i c r o g a s o m e t r i c  

s y r i n g e  t e c h n iq u e  a s  d e s c r i b e d  by R oughton  and S c h o la n d e r  (1943) and  

m o d i f i e d  by Grant  (1947). T h r e e  d e t e r m i n a t i o n s  w e r e  m a d e  on e a ch  of 

the  50 s p e c i m e n s .  E r y t h r o c y t e  c oun ts  w e r e  m a d e  on ten s p e c i m e n s  

u s in g  the m e th o d  of L e v e d a h l  and B a r b e r  (1963). Two d e t e r m i n a t i o n s  

f r o m  the s a m e  p ip e t te  w e r e  m a d e  for  e a c h  a n im a l .  H e m o g lo b in  d e t e r ­

m i n a t i o n s  w e r e  m a d e  by the u n o p e t t e - c o l o r i m e t e r  m e th o d  ( G e r a r d e ,  

1965).  S i n g l e  m e a s u r e m e n t s  w e r e  m a d e  on e a c h  of th e  ten  s p e c i m e n s .
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In o r d e r  to c o m p a r e  the  e l e c t r o p h o r e t i c  p a t t e r n  of m a l e  and  

f e m a l e  h e m o g lo b in ,  b lood  w a s  obta ined  on t h r e e  o c c a s i o n s  f r o m  one  

m a l e  and one  f e m a l e ,  w ith  no f r o g  b e in g  u s e d  t w ic e .  B lo o d  w as  

c e n t r i f u g e d  a t  I, 000 g ' s  to p r e c i p i t a t e  c e i l s  f r o m  p l a s m a .  P l a s m a  w a s  

then draw n  off and the  r e d  c e i l s  w a s h e d  t h r e e  t i m e s  w ith  i% s a l i n e .  

E r y t h r o c y t e s  w e r e  i y s e d  by the a d d it ion  of a v o l u m e  of d i s t i l l e d  w a t e r  

e q u iv a le n t  to t h r e e  t i m e s  the v o l u m e  of the p a c k e d  c e i l s .  C e l l  m e m ­

b r a n e s  w e r e  s e p a r a t e d  f r o m  the h e m o g lo b in  s o lu t io n  by c e n t r i f u g a t io n  

and the  h e m o g l o b i n  s o lu t io n  w a s  d raw n  off. Two h e m o g l o b i n  s o l u t i o n s ,  

one f r o m  a m a l e  and the  o ther  f r o m  a f e m a l e ,  w e r e  then d i lu ted  to 

a p p r o x i m a t e l y  the s a m e  c o n c e n t r a t i o n  with  d i s t i l l e d  w a t e r  by v i s u a l  

c o m p a r i s o n .  To e a c h  h e m o g l o b i n  s o lu t io n  w a s  a dd ed  enough s o d iu m  

c h l o r i d e  and s u c r o s e  to p r o d u c e  a 0. 05 M s o d iu m  c h l o r i d e  and 30% 

s u c r o s e  s o lu t io n .  E l e c t r o p h o r e s i s  w a s  c a r r i e d  out at  pH 8. 3 in  a 

b u f fer  of t r i s  b o r i c  a c i d  in  d i s o d i u m  E D T A .  Two h u n d red th s  of a m i l l i ­

l i t e r  of m a l e  or f e m a l e  s o lu t io n  w e r e  p l a c e d  on e a ch  of two c h a m b e r s  

of a B u c h l e r  P o l y a n a l y s t  D i s c  E l e c t r o p h o r e s i s  A p p a r a tu s  c o n ta in in g  a 

5% p o l y a c r y l a m i d e  g e l  (R ic h a r d s  and C ol l ,  1965).  T h e  s a m e  w a s  done  

f o r  a s o lu t io n  c o n t a in in g  a m i x t u r e  of the two s o l u t i o n s ,  s i n c e  i f  a 

d i f f e r e n c e  b e t w e e n  m a l e  and f e m a l e  h e m o g lo b in  e x i s t e d ,  su c h  a m i x t u r e  

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

f e m a l e  h e m o g l o b i n  a lo n e .  A c u r r e n t  of 6 m i l l i a m p s  and 200 v o l t s  p e r
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tube  w a s  a p p l ie d  for  one and o n e - h a l f  h o u r s .  The  g e l s  w e r e  h a r d e n e d  

in  1. 0 M a c e t i c  a c i d  f o r  10 m in u t e s  and s ta in e d  in  1% nap th o l  b lu e  b la c k  

in  7% a c e t i c  a c id  fo r  one hour .  S i n c e  th is  s ta in  i s  not  s p e c i f i c  for  

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

a s  t h o s e  of to ta l  e r y t h r o c y t e  p r o t e in ,  ex c lu d in g  c e l l  m e m b r a n e  p r o te in .  

E x c e s s  s t a in  w a s  r e m o v e d  by r i n s i n g  the g e l s  in  d i s t i l l e d  w a t e r .

B lo o d  f r o m  one m a l e  and one f e m a l e  w a s  u s e d  fo r  d e t e r m i n a t i o n  

of the w a v e l e n g t h s  of m a x i m u m  a b s o r p t io n .  D i s t i l l e d  w a t e r  w a s  add ed  

to l y s e  the e r y t h r o c y t e s ,  and c e l l  m e m b r a n e s  w e r e  s e p a r a t e d  f r o m  the  

h e m o g l o b i n  s o lu t io n  by c e n t r i f u g a t io n .  W a v e le n g t h s  of m a x i m u m  

a b s o r p t i o n  of m a l e  and f e m a l e  o x y h e m o g lo b in  w e r e  d e t e r m i n e d  w ith  a 

H a r t r i d g e  R e v e r s i o n  S p e c t r o s c o p e .  C arb on  m o n o x i d e  w a s  then bubbled  

th ro u g h  the  h e m o g l o b i n  s o l u t i o n s  to c o n v e r t  o x y h e m o g lo b in  to c a r b o n  

m o n o x y h e m o g l o b i n .  C o n v e r s i o n  w a s  r e v e a l e d  by  a c h a n g e  in  the c o l o r  

of the s o lu t io n  f r o m  r e d  to p u r p le .  W a v e le n g t h s  of m a x i m u m  a b s o r p t i o n  

fo r  m a l e  and f e m a l e  c a r b o n  m o n o x y h e m o g l o b i n  w e r e  then d e t e r m i n e d  in 

the  s a m e  m a n n e r .

S tan d ard  s t a t i s t i c a l  t e c h n iq u e s  w e r e  u s e d  to a n a l y z e  b lo o d  o x y g en  

c a p a c i t y ,  e r y t h r o c y t e  count ,  and h e m o g l o b i n  c o n t e n t  data (S tee l  and  

T o r r i e ,  I960).  T he  r e g r e s s i o n  of t h e s e  t h r e e  r e s p o n s e s  on body w e ig h t  

in d ic a t e d  that b od y  w e i g h t  had a s i g n i f i c a n t  e f f e c t  on b lo o d  o x y g e n  

c a p a c i t y  but n o t  on r e d  c e l l  count  or h e m o g l o b i n  c o n ten t .  T h e r e f o r e ,
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b lo o d  o x y g e n  c a p a c i t y  v a lu e s  w e r e  a d j u s ted  for  d i f f e r e n c e s  in body  

w e ig h t  b e f o r e  f u r t h e r  a n a l y s i s .  S tu d en t ' s  "t" t e s t  w a s  u s e d  to e v a lu a t e  

d i f f e r e n c e s  in  o x y g en  c a p a c i t y  b e t w e e n  h igh  and low e l e v a t i o n  p o p u la t io n s  

and b e t w e e n  m a l e s  and f e m a l e s .  D i f f e r e n c e s  in e r y t h r o c y t e  count  and  

h e m o g l o b i n  c o n te n t  b e t w e e n  m a l e s  and f e m a l e s  w e r e  a l s o  a n a l y z e d  

u s in g  S tu d ent ' s  nt" t e s t ,  as  w a s  the  d i f f e r e n c e  in r e g r e s s i o n  c o e f f i c i e n t s  

b e t w e e n  m a l e s  and f e m a l e s  for  b lo o d  o x y g e n  c a p a c i t y  r e g r e s s e d  on 

body  w e ig h t .  The  s a m e  m e t h o d  w a s  u s e d  to d e t e r m i n e  the p r o b a b i l i t y  

that r e g r e s s i o n  c o e f f i c i e n t s  w e r e  equal  to z e r o .  D i f f e r e n c e s  w e r e  c o n ­

s i d e r e d  " s ig n i f i c a n t"  at  the  5% p r o b a b i l i t y  l e v e l  and "highly  s ig n i f i c a n t"  

at the  1% l e v e l .  A n a l y s i s  of v a r i a n c e  te c h n iq u e s  w e r e  u s e d  on the  b lood  

o x y g e n  c a p a c i t y  data  to d e t e r m i n e  th e  r e l a t i v e  i m p o r t a n c e  of th e  f a c t o r s  

r e s p o n s i b l e  for  the  o b s e r v e d  v a r ia t io n .



R E S U L T S

B lo o d  o x y g e n  c a p a c i t y  v a l u e s ,  e r y t h r o c y t e  c o u n t s ,  and h e m o ­

g lo b in  c o n c e n t r a t i o n s  a r e  p r e s e n t e d  in T a b le  1. T h e r e  is  a s i g n i f i c a n t  

i n c r e a s e  in  b lood  o x y g e n  c a p a c i t y  w ith  an i n c r e a s e  in body w e ig h t  

(F i g u r e  I and T a b le  2),  and a h igh ly  s i g n i f i c a n t  d e c r e a s e  in b lo o d  o x y ­

gen  c a p a c i t y  p e r  g r a m  of body w e ig h t  with  an i n c r e a s e  in  body w e ig h t  

( F i g u r e  2 and T a b le  2). E l e v a t i o n  d i f f e r e n c e s  do not  c o n tr ib u te  s i g n i f i ­

c a n t ly  ( F - l .  95) to v a r ia t io n  in b lood  o x y g e n  c a p a c i t y  w h i l e  s e x u a l  d i f ­

f e r e n c e s  do (F=l ,  270) .

T h e r e  i s  a s l i g h t ,  but n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  i n c r e a s e  in  

r e d  c e l l  cou n t  ( F i g u r e  3 and T a b le  2) and d e c r e a s e  in h e m o g lo b in  c o n ­

tent  ( F i g u r e  4 and T a b le  2) w ith  an i n c r e a s e  in body  w e ig h t .  F e m a l e s  

h a v e  a s i g n i f i c a n t l y  h ig h e r  r e d  c e l l  co u n t  than m a l e s ,  w h e r e a s  t h e r e  i s  

no s t a t i s t i c a l l y  s i g n i f i c a n t  s e x u a l  d i f f e r e n c e  in h e m o g lo b in  c o n te n t  

(T a b le  1).

The  e l e c t r o p h o r e t i c  p a t t e r n s  of m a l e ,  f e m a l e ,  and a m i x t u r e  of

m a l e  and f e m a l e  b lo o d  c e l l  p r o t e in s  w e r e  i d e n t i c a l  under  the  c o n d i t io n s

u s e d  ( F i g u r e  5). E a c h  b lood  s a m p l e  w a s  s e p a r a t e d  into  two p r o te in

c o m p o n e n t s ,  the  m a j o r  c o m p o n e n t  h a v in g  the g r e a t e r  e l e c t r o p h o r e t i c

m o b i l i t y .  T h e  w a v e  l e n g th s  of m a x i m u m  a b s o r p t i o n  of m a l e  and f e m a l e

o x y h e m o g l o b i n  a r e  a l s o  v e r y  n e a r l y  i d e n t i c a l  (T a b le  3). The  s a m e  i s
12
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t r u e  of m a l e  and f e m a l e  h e m o g l o b i n  w hen  i t  i s  bound to c a r b o n  m o n o x i d e  

(T a b le  3).



F I G U R E  I

T he  r e l a t i o n  of b lo o d  o x y g e n  
c a p a c i t y  in v o l u m e s  p e r c e n t  
to bod y  w e i g h t  in  g r a m s  in  
L.eptodacty lus  f a l la x .  
R e g r e s s i o n  l in e  f i t t e d  by  
the  m e t h o d  of l e a s t  s q u a r e s .

14
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F IG U R E  2

T h e  r e l a t i o n  of b lood  o x y g en  
c a p a c i t y  in v o l u m e s  p e r c e n t  
p e r  g r a m  of body w e ig h t  
to body w e ig h t  in g r a m s  in  
L e p t o d a c t y lu s  f a l la x .  
R e g r e s s i o n  l in e  f i t t ed  by  
the  m e t h o d  of l e a s t  s q u a r e s .
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F IG U R E  3

The r e l a t i o n  of e r y t h r o c y t e  
count  in  c e l l s  p e r  m m ^  x  10"^ 
to body w e ig h t  in  g r a m s  in  
L e p t o d a c t y lu s  f a i i a x . 
R e g r e s s i o n  l in e  f i t t e d  by  
the  m e t h o d  of l e a s t  s q u a r e s .
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F IG U R E  4

T h e  r e l a t i o n  o£ h e m o g lo b in  
c o n te n t  in g r a m s  p e r c e n t  
to body  -weight in g r a m s  in  
L e p t o d a c t y l u s  f a l l a x . 
R e g r e s s i o n  l in e  f i t t e d  by  
the  m e t h o d  of l e a s t  s q u a r e s .
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F IG U R E  5

E l e c t r o p h o r e t i c  p a t t e r n s  
of m a l e  [<?), f e m a l e  (? ) ,  
and a m i x t u r e  (M) of m a l e  
and f e m a l e  b lo o d  c e l l  p r o t e in s  
of L e p t o d a c t y lu s  fa l la x .
G e ls  w e r e  s t a in e d  with  
napthol  b lu e  b la ck .
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DISCUSSION

T he v a r ia t io n  in  b lood  o x y g e n  c a p a c i t y  w i th in  e a c h  v e r t e b r a t e  

c l a s s  i s  g r e a t e r  than the v a r ia t io n  a m o n g  c l a s s e s .  B lo o d  o x y g e n  

c a p a c i t y  v a lu e s  r a n g e  f r o m  4. 9 to 19. 8 vo l .  % a m o n g  f i s h e s  ( P r o s s e r  

and B r o w n ,  1961); f r o m  5. 3 to 14. 8 vo l .  % a m o n g  a m p h ib i a n s  (Scott,

1931; J o h a n s e n  and D i ta d i ,  1966); f r o m  5. 9 to 12. 6 vo l .  % a m o n g  r e p ­

t i l e s  (P a y n e  and B u r k e ,  1964; D a w s o n  and P o u l s o n ,  1962); f r o m  10. 5 to 

20. 0 vo l .  % a m o n g  b ir d s  ( P r o s s e r  and B r o w n ,  1961); and f r o m  13. I to 

29.  3 vo l .  % a m o n g  m a m m a l s  ( P r o s s e r  and B r o w n ,  1961; L a r i m e r ,

1959).

C o r r e l a t i o n  of b lood  o x y g e n  c a p a c i t y  w ith  hab ita t  and a c t i v i t y  has

b e e n  d e m o n s t r a t e d  f o r  f i s h e s ,  r e p t i l e s ,  and m a m m a l s .  F i s h  w h ich

in h ab it  s l u g g i s h ,  a c i d  w a t e r s  h a v e  b lo o d  o x y g e n  c a p a c i t y  v a l u e s  w h ich

a r e  s i g n i f i c a n t l y  h ig h e r  than the v a l u e s  f r o m  f i s h  o c c u p y in g  f lo w in g

w a t e r s ;  and a c t i v e  f i s h  h a v e  h ig h e r  o x y g e n  c a p a c i t i e s  than s l u g g i s h  ones

( P r o s s e r  and B r o w n ,  1961). S p e c i e s  of f i s h  w h ic h  in h ab it  c o ld  w a t e r s ,

w h e r e  m e t a b o l i s m  w ou ld  b e  low ,  h a v e  l o w e r  b lo o d  o x y g e n  c a p a c i t i e s

than t h o s e  in h a b i t in g  w a r m e r  w a t e r s ,  w h e r e  m e t a b o l i s m  w ould  be

g r e a t e r  ( S ch o la n d e r  and van D a m ,  1957). H o w e v e r ,  B u r k e  and W o o lc o t t

(1957) s h o w e d  that a l though  the  b l a c k  c r a p p i e  ( P o m o x i s  n i g r o m a c u l a t u s )

and the  b l u e g i l l  ( L e p o m i s  m a c r o c h i r u s )  a r e  in the s a m e  f a m i l y  and
27
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o c cu p y  the s a m e  hab ita t ,  th e ir  b lo o d  o x y g en  c a p a c i t i e s  a r e  s ig n i f i c a n t l y  

d i f f e r e n t .  W h eth er  t h e r e  i s  a d i f f e r e n c e  in m e t a b o l i c  r a te  or a c t i v i t y  

i s  not  known. S p e c i e s  of l i z a r d s  w h ic h  l i v e  at h igh  e l e v a t i o n s  do not  

e x h ib i t  s i g n i f i c a n t l y  d i f f e r e n t  o x y g e n  c a p a c i t y  v a lu e s  than t h o s e  f r o m  

l o w e r  e l e v a t i o n s  e v en  though t h e r e  i s  a l a r g e  drop in  a m b i e n t  o x y g e n  

p r e s s u r e  (D a w s o n  and P o u l s o n ,  1962).  The  a c t i v e , a q u a t i c  t u r t l e ,

C h r y s e m y s  p ic ta ,  has  a h i g h e r  b lo o d  o x y g e n  c a p a c i t y  than the  m o r e  

s l u g g i s h , t e r r e s t r i a l  box  t u r t l e ,  T e r r a p e n e  C a r o l i n a  ( P a y n e  and B u r k e ,  

1964).

T h e  c o r r e l a t i o n  b e t w e e n  h a b i ta t  and b lo o d  o x y g e n  c a p a c i t y  i s  

c l e a r l y  e v id e n t  w i th in  the  c l a s s  A m p h ib ia .  A s  m e n t i o n e d  in the  I n t r o ­

du ct ion ,  a q u at ic  a m p h ib i a n s  h a v e  l o w e r  b lo o d  o x y g e n  c a p a c i t i e s  than  

t e r r e s t r i a l  or a r b o r e a l  f o r m s .  T he  t e r r e s t r i a l  h ab ita t  m a y  b e  r e l a t e d  

to an i n c r e a s e d  m e t a b o l i c  r a t e  in  a n u ra n s  s i n c e  C r o n h e im  s h o w e d  that  

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

a q u a t ic  f r o g s  (in L e f t w i c h  and B u r k e ,  1964).  T e r r e s t r i a l  s a l a m a n d e r s  

of the  g e n u s  A m b y s t o m a  h a v e  h i g h e r  r a t e s  of o x y g e n  c o n s u m p t i o n  than  

t h o s e  f r o m  an a q u a t ic  e n v i r o n m e n t  (Helf f ,  1927). T h u s ,  the  h igh  b lo o d  

o x y g e n  c a p a c i t y  of t e r r e s t r i a l  a m p h ib i a n s  w ould  a p p e a r  to a s s i s t  in 

m a i n t a i n i n g  a h igh  m e t a b o l i c  ra te .

T h e  b lo o d  o x y g e n  c a p a c i t y  of the  s e m i - t e r r e s t r i a l  L e p t o d a c t y l u s  

f a l l a x ,  10. 5 v o l .  %, i s  of the  s a m e  m a g n i tu d e  a s  the  v a lu e s  f o r  o th er
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s e m i - t e r r e s t r i a l  and t e r r e s t r i a l  a n u r a n s .  T h e r e f o r e ,  i t  m a y  be c o n ­

c lu d e d  that b lo o d  o x y g e n  c a p a c i t y  r e f l e c t s  hab itat  a s  i t  d o e s  in  o th er  

a m p h i b i a n s .

B e c a u s e  t e r r e s t r i a l  and s e m i - t e r r  e s t r i a l  a n u ra n s  h a v e  h ig h e r  

r a t e s  of o x y g e n  c o n s u m p t i o n  and c a n  u t i l i z e  th e ir  sk in  a s  a r e s p i r a t o r y  

s u r f a c e  to 'a  l e s s e r  e x te n t  than c a n  aq u at ic  s p e c i e s ,  t e r r e s t r i a l  f r o g s  

r e q u i r e  m o r e  e f f i c i e n t  o x y g e n  t r a n s p o r t  than aq u at ic  f r o g s  (Krogh,

1904, in  F o x o n ,  1964).  T h e  w o r k  of C z o p e k  (1965b) in d ic a t e d  that,  in 

g e n e r a l ,  t e r r e s t r i a l  and a r b o r e a l  a n u ra n s  h a v e  a s m a l l e r  p e r c e n t a g e  

of th e ir  to ta l  r e s p i r a t o r y  c a p i l l a r y  l e n g th  in  th e i r  s k in  than do aq u at ic  

f r o g s .  A l s o ,  t e s t s  of s u r v i v a l  of s u b m e r g e n c e  in w e l l  a e r a t e d  w a t e r  

i n d i c a t e  that  aqu at ic  a n u ra n s  c a n  u s e  t h e i r  sk in  for  r e s p i r a t o r y  e x c h a n g e  

to a m u c h  g r e a t e r  e x te n t  than c a n  t e r r e s t r i a l  s p e c i e s  (C zop ek ,  1965a;  

Hutchipts on and D a d y ,  1964; Hutchipis on and W hit ford ,  1966). A p p a r e n t l y  

the  h ig h e r  b lo o d  o x y g e n  c a p a c i t y  of t e r r e s t r i a l  f r o g s  d o e s  not  c o m p e n ­

s a t e  for  the  l a c k  of r e s p i r a t o r y  c a p i l l a r i e s  in  the sk in  in s u c h  e x p e r i ­

m e n t s .  A l th o u g h  L. f a l l a x  i s  a s e m i - t e r r  e s t r i a l  f r o g ,  the  t r o p i c a l  

e n v i r o n m e n t  in w h ic h  i t  l i v e s  has  a r e l a t i v e l y  h igh  m o i s t u r e  c o n te n t  

( B r o o k s ,  u n p u b l i sh ed ) .  W h eth er  the sk in  i s  w e l l  s u p p l i e d  w ith  c a p i l l a r i e s  

w h ic h  w o u ld  a l lo w  s u b s t a n t i a l  c u ta n e o u s  r e s p i r a t i o n  h as  not b e e n  i n v e s t i ­

g a te d .

V a r i a t i o n  of b lood  o x y g e n  c a p a c i t y  w ith  c h a n g e s  in  a l t i tu d e  w i th in  

a s p e c i e s  h a s  n o t  b e e n  sh o w n  f o r  any  p o i k i l o t h e r m i c  v e r t e b r a t e .  S in c e
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the  h i g h e s t  e l e v a t i o n  at  w h ic h  L e p to d a c t y lu s  f a l l a x  has  b e e n  found i s  

1, 200 f e e t ,  d e c r e a s e  in a m b i e n t  o x y g e n  l e v e l  w o u ld  not  be  g r e a t  enough  

to r e q u i r e  i n c r e a s e d  o x y g e n  t r a n s p o r t  e f f i c i e n c y  of the  blood.

T h e  t e n d e n c y  for  b lood  o x y g en  c a p a c i t y  to i n c r e a s e  w ith  an  

i n c r e a s e  in body  w e ig h t  a m o n g  in d iv id u a ls  of the  s a m e  s p e c i e s  has  b e e n  

sh o w n  fo r  f i s h  (B u r k e  and W o o lc o t t ,  1957),  f r o g s  ( L e f tw ic h ,  1958),  t u r ­

t l e s  (P a y n e ,  1957, in  L e f t w ic h ,  1958),  and m a m m a l s  (B u r k e ,  1953,

1957).  N o n e  of t h e s e  s t u d ie s  i n c lu d e  r e g r e s s i o n  eq u at ion s  e x p r e s s i n g  

the  r e l a t i o n s h i p  b e t w e e n  body  w e ig h t  and b lood  o x y g e n  c a p a c i t y .  T he  

i n c r e a s e  in  b lo o d  o x y g e n  c a p a c i t y  w ith  an i n c r e a s e  in  w e ig h t  w h ic h  

o c c u r s  in  L e p t o d a c t y l u s  fa l l a x ,  t h e r e f o r e ,  ca n no t  b e  c o m p a r e d  s t a t i s t i ­

c a l l y  w ith  i n c r e a s e s  found in  o ther  o r g a n i s m s .  It i s  i n t e r e s t i n g  to n o te  

that w h en  b lood  o x y g e n  c a p a c i t y  i s  r e g r e s s e d  on w e i g h t  s e p a r a t e l y  for  

e a ch  s e x  ( T a b le  2),  th e  s l o p e  of the r e g r e s s i o n  l in e  i s  g r e a t e r  fo r  m a l e s  

than fo r  f e m a l e s  by a h ig h ly  s i g n i f i c a n t  (P<10. 0 1) m a r g i n .  H o w e v e r ,  the  

m a l e  c o r r e l a t i o n  c o e f f i c i e n t  i s  low ,  0. 18, and the s l o p e  i s  n o t  s i g n i f i ­

c a n t ly  d i f f e r e n t  f r o m  z e r o  ( P > 0 .  05),  w h i l e  the f e m a l e  c o r r e l a t i o n  

c o e f f i c i e n t  i s  s o m e w h a t  h i g h e r ,  0 . 4 4 ,  and the  f e m a l e  r e g r e s s i o n  

c o e f f i c i e n t  i s  s i g n i f i c a n t l y  ( P < 0 .  05) d i f f e r e n t  f r o m  z e r o .  T h e r e f o r e ,  

i t  m a y  be  c o n c lu d e d  that  in  t h o s e  m a l e s  w h ich  w e r e  e x a m i n e d ,  body  

w e i g h t  d o e s  not  h a v e  a s i g n i f i c a n t  i n f lu e n c e  on b lo o d  o x y g e n  c a p a c i t y ,  

w h i l e  the  o p p o s i t e  i s  t r u e  fo r  f e m a l e s .  H o w e v e r ,  it  m u s t  be  b o r n e  in
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m in d  that the  m a l e s  w h ic h  w e r e  t e s t e d  r a n g e d  in  w e ig h t  f r o m  133. 6 

to 280 .  3 g r a m s ,  w h i l e  f e m a l e s  had a w e ig h t  r a n g e  of 11. 8 to 529. 3 

g r a m s .  Such a s t a t e m e n t  m a y  not  app ly  to the tota l  p op u la t io n  w h e r e  

the w e i g h t  r a n g e  fo r  m a l e s  i s  c e r t a i n l y  l a r g e r .

T h e r e  i s  an  i n c r e a s e  in  o x y g e n  c o n s u m p t io n  p e r  unit  t i m e  p e r  

in d iv id u a l  with  an i n c r e a s e  in  body w e i g h t  a m o n g  a n i m a l s  (Z eu th en ,  

1953). S tu d ie s  on a m p h ib i a n s  in w h ic h  o x y g e n  c o n s u m p t i o n  i s  e x p r e s s e d  

a s  an  i n c r e a s i n g  fu n c t io n  of body  w e ig h t  in c lu d e  t h o s e  of N o r r i s  et.  a l .  

(1963) and W hit ford  and H u t c h in s o n  (1967) on s a l a m a n d e r s ,  and of  

D a v i s o n  (1955) on f r o g s .  T h e  i n c r e a s e  in b lood  o x y g e n  c a p a c i t y  w h ic h  

o c c u r s  w ith  an i n c r e a s e  in  body  w e i g h t  in v e r t e b r a t e s ,  t h e r e f o r e ,  

p a r a l l e l s  the  i n c r e a s e  in  m e t a b o l i s m  w ith  an i n c r e a s e  in  body w e ig h t .  

Su ch  an i n c r e a s e  in  b lood  o x y g e n  c a p a c i t y  m ig h t  be  due to an  i n c r e a s e  

in  the  e r y t h r o c y t e  n u m b e r ,  in  the  h e m o g l o b i n  c o n c e n t r a t i o n ,  or in  the  

o x y g e n  a f f in i ty  of h e m o g l o b i n ,  a s  w i l l  be  d i s c u s s e d  b e lo w .

A m u c h  m o r e  u s e f u l  and b i o l o g i c a l l y  m e a n in g f u l  p r e s e n t a t i o n  of 

th e  r e l a t i o n s h i p  b e t w e e n  body w e i g h t  and b lood  o x y g e n  c a p a c i t y  ca n  be  

ob ta ined  by e x a m i n i n g  the c h a n g e  in  b lo o d  o x y g en  c a p a c i t y  in  v o l .  % p e r  

g r a m  of body w e i g h t  with  an  i n c r e a s e  in  body  w e ig h t .  A  d e c r e a s e  in  

b lo o d  o x y g e n  c a p a c i t y  p e r  g r a m  of b od y  w e ig h t  w ith  an  i n c r e a s e  in  body  

w e i g h t  has  b e e n  r e p o r t e d  fo r  m a n y  r e p r e s e n t a t i v e s  of a l l  v e r t e b r a t e  

c l a s s e s ,  and i s  the  c a s e  w ith  L e p t o d a c t y l u s  fa l l a x .  B u r k e  (1966)
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p r e s e n t s  lo g  — lo g  r e g r e s s i o n  e q u a t io n s ,  c o r r e l a t i o n  c o e f f i c i e n t s ,  and  

g r a p h s  of th is  r e l a t i o n s h i p  fo r  data g a t h e r e d  by h i m s e l f  and  other  

w o r k e r s  on s e v e r a l  s p e c i e s  of v e r t e b r a t e s .  T h e  r e g r e s s i o n  c o e f f i c i e n t s  

f o r  the  t h r e e  ra n id  f r o g s  e x a m i n e d  by L e f t w i c h  and B u r k e  r a n g e d  f r o m  

- 0 .  69 to - 0 .  81. T h e  s l o p e  fo r  the  r e g r e s s i o n  l in e  c a l c u l a t e d  fo r  

L. fa l l a x ,  - 0 . 7 6 ,  f a l l s  w i th in  th is  r a n g e .  The  c o r r e l a t i o n  c o e f f i c i e n t ,  

w h ic h  m e a s u r e s  the s t r e n g t h  of a s s o c i a t i o n  b e t w e e n  the  two f a c t o r s ,  i s  

- 0 . 7 7 ,  s o m e w h a t  l e s s  than the v a lu e s  found for  the t h r e e  s p e c i e s  of 

f r o g s ,  f o r  f i s h e s ,  b i r d s ,  and m a m m a l s .  H o w e v e r ,  i t  i s  of the  s a m e  

m a g n i t u d e  a s  t h o s e  c o e f f i c i e n t s  found f o r  two s p e c i e s  of t u r t l e s  (B u rk e ,  

1966).

T h e  r e l a t i o n s h i p  b e t w e e n  b lo o d  o x y g e n  c a p a c i t y  p e r  unit  of body  

w e i g h t  and body w e ig h t  c a n  b e  c o m p a r e d  w ith  the  r e l a t i o n s h i p s  b e t w e e n  

m e t a b o l i c  r a t e  p e r  unit w e i g h t  and body w e ig h t  and b e t w e e n  b lo o d  v o l u m e  

p e r  unit  w e i g h t  and  body w e ig h t .  T h e r e  i s  a d e c r e a s e  in  o x y g e n  c o n ­

s u m p t io n  p e r  g r a m  of b od y  w e i g h t  w i th  an i n c r e a s e  in  body w e i g h t  w i th in  

and a m o n g  s e v e r a l  s p e c i e s  of a n u ra n s  (D a v is o n ,  1955; P e t t u s  and S p e n ­

c e r ,  1964).  A s i m i l a r  tr e n d  w ith in  and a m o n g  s p e c i e s  has  b e e n  o b s e r v e d  

in  u r o d e l e s  ( E v a n s ,  1939; H e l f f ,  1927; N o r r i s  et.  a l .  , 1963; V e r n b e r g ,  

1952, 1955).  T h e  d e c r e a s e  in  m e t a b o l i s m  p e r  unit body  w e i g h t  w ith  an  

i n c r e a s e  in  body w e i g h t  h a s  b e e n  a t t r ib u te d  to a r e l a t i v e  i n c r e a s e  in  

t i s s u e s  w ith  low o x y g e n  c o n s u m p t i o n ,  s u c h  as  c o n n e c t i v e  t i s s u e ,  and to
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a d e c r e a s e  in the  s u r f a c e  to v o l u m e  r a t io  w h ich  w o u ld  c a u s e  d e c r e a s e d  

c u ta n e o u s  r e s p i r a t i o n  p e r  unit of body w e i g h t  in  l a r g e  a m p h ib ia n s  

( P r o s s e r  and B r o w n ,  1961; S z a r s k i ,  1964).  B lo o d  v o l u m e  s t u d ie s  on 

f r o g s  ( P r o s s e r  and W e i n s t e i n ,  1950),  t u r t l e s  (Hutton, 1961), b ir d s  

(Bond and G i lb er t ,  1958),  and m a m m a l s  (B u r k e ,  1954, 1957) in d ic a t e  

that a s  body w e ig h t  i n c r e a s e s ,  b lo o d  v o l u m e  p e r  unit of body w e ig h t  

d e c r e a s e s .  T h e r e f o r e ,  the c h a n g e  in b lo o d  o x y g e n  c a p a c i t y  w h ic h  

o c c u r s  w ith  a c h a n g e  in body  w e ig h t  p a r a l l e l s  the  c h a n g e  in m e t a b o l i s m  

and b lo o d  v o l u m e .  S i n c e  o x y g e n  c o n s u m p t i o n  and b lo o d  v o l u m e  w e r e  

not m e a s u r e d  fo r  L. f a l l a x ,  no  c o r r e l a t i o n  b e t w e e n  t h e s e  f a c t o r s  and  

b lo o d  o x y g e n  c a p a c i t y  can  be  m a d e .  N o  s t u d i e s  known to the  author  

h a v e  i n v o l v e d  the d e t e r m i n a t i o n  of o x y g e n  c o n s u m p t i o n ,  b lood  v o lu m e ,  

and b lood  o x y g e n  c a p a c i t y  on the  s a m e  s e r i e s  of a n i m a l s  of one s p e c i e s .  

A n  i n v e s t i g a t i o n  of th is  ty p e  w o u ld  c l a r i f y  the  r e l a t i o n s h i p  a m o n g  t h e s e  

t h r e e  f a c t o r s .

S e x u a l  d i f f e r e n c e s  in  b lo o d  o x y g e n  c a p a c i t y  w e r e  n o t  found in 

f i s h  (B u r k e  and W o o lc o t t ,  1957),  t u r t l e s  (P a y n e  and B u r k e ,  1964),  or 

r a t s  (B u r k e ,  1957).  D a w s o n  and P o u l s o n  (1962) f a i l e d  to m e n t i o n  if  a n y  

d i f f e r e n c e  in  b lo o d  o x y g e n  c a p a c i t y  b e t w e e n  m a l e  and f e m a l e  l i z a r d s  

e x i s t e d ,  L e f t w i c h  (1958) found that t h e r e  w a s  no s i g n i f i c a n t  s e x u a l  

d i f f e r e n c e  in  b lo o d  o x y g e n  c a p a c i t y  in R an a  p i p i e n s ,  e v e n  though the  

a v e r a g e  w e ig h t  of f e m a l e s  w a s  12. 1 g r a m s  g r e a t e r  than the a v e r a g e
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w e ig h t  of m a l e s .  H o w e v e r ,  he  found s ig n i f i c a n t  s e x u a l  d i f f e r e n c e s  in 

blo o d  o x y g e n  c a p a c i t y  for  R. c l a m i t a n s  and R. c a t e s b e i a n a .  T he  b a s i s  

f o r  th is  s e x u a l  d i m o r p h i s m  i s  o b s c u r e d  by the f a c t  that the  a v e r a g e  

w e ig h t s  f o r  f e m a l e s  and m a l e s  of the two s p e c i e s  d i f f e r e d  by 23. 8 g r a m s  

and 65. 6 g r a m s ,  r e s p e c t i v e l y .  S i n c e  l a r g e r  a n i m a l s  h a v e  h ig h e r  b lo o d  

o x y g e n  c a p a c i t i e s ,  the c a u s e  f o r  the  h ig h e r  a v e r a g e  v a lu e s  in f e m a l e s  

m a y  be  th e ir  h ig h e r  a v e r a g e  w e i g h t s .  F o r  L e p to d a c t y lu s  f a l l a x ,  a n a l ­

y s i s  of v a r i a n c e  u s in g  b lo o d  o x y g e n  c a p a c i t y  v a lu e s  a d j u s te d  fo r  d i f ­

f e r e n c e s  in  body  w e ig h t  s h o w e d  that s e x  w a s  a h igh ly  s i g n i f i c a n t  s o u r c e  

of v a r ia t io n  (F =1 , 270) .  T h e  b a s i s  fo r  s u c h  a d i f f e r e n c e  w i l l  be  d i s c u s s e d  

b e lo w  w h e r e  s e x u a l  d i f f e r e n c e s  in e r y t h r o c y t e  cou n t  and h e m o g l o b i n  

c o n c e n t r a t i o n  a r e  m e n t io n e d .  N o b le  (1954) s t a t e s  that m a l e  f r o g s  h a v e  

h ig h e r  m e t a b o l i c  r a t e s  than f e m a l e s  du r in g  the  b r e e d i n g  s e a s o n ;  t h e r e ­

f o r e ,  o x y g e n  d e m a n d s  w ould  be  g r e a t e r  in  m a l e  f r o g s .  T h u s ,  h ig h e r  

b lo o d  o x y g e n  c a p a c i t y  in m a l e s  w o u ld  h a v e  a p h y s i o l o g i c a l l y  a d a p t iv e  

v a lu e  d u r in g  th is  t i m e  of the y e a r .

It i s  i n t e r e s t i n g  that m a l e s ,  w h o s e  w e ig h t  a v e r a g e d  171. 7 g r a m s ,  

had a h ig h e r  b lo o d  o x y g e n  c a p a c i t y  than f e m a l e s ,  w h o s e  m e a n  w e ig h t  

w a s  157. 9 g r a m s .  T h is  s i t u a t io n  w o u ld  be  e x p e c t e d  s i n c e ,  a s  show n  

a b o v e ,  l a r g e r  a n i m a l s  g e n e r a l l y  h a v e  g r e a t e r  b lo o d  o x y g e n  c a p a c i t i e s .  

H o w e v e r ,  w hen  the  m e a n  b lood  o x y g e n  c a p a c i t i e s  f o r  m a l e s  and f e m a l e s  

a r e  d iv id e d  by th e i r  r e s p e c t i v e  m e a n  w e i g h t s ,  m a l e  b lood  o x y g e n
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c a p a c i t y  p e r  g r a m  of body w e ig h t  is  0. 073 ,  w h i l e  the c o r r e s p o n d i n g  

v a lu e  fo r  f e m a l e s  i s  0. 054 .  S in c e  i t  has  b e e n  sh o w n  a b o v e  that l a r g e r  

a n i m a l s  in g e n e r a l  h a v e  lo w e r  b lood  o x y g e n  c a p a c i t y  p e r  unit w e ig h t  

than s m a l l e r  a n i m a l s ,  i t  a p p e a r s  that m a l e  b lo o d  o x y g e n  c a p a c i t y  p e r  

unit  w e ig h t  i s  g r e a t e r  than w o u ld  n o r m a l l y  b e  e x p e c t e d .

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

a m o n g  v e r t e b r a t e s .  H o m i o t h e r m s  g e n e r a l l y  h a v e  a g r e a t e r  and l e s s  

v a r i a b l e  r e d  b lo o d  c e l l  co u n t  than p o i k i l o t h e r m s . H u t ch in so n  and  

S z a r s k i  (1965) p o in t  out that  the  r e g u la t io n  of e r y t h r o c y t e  n u m b e r  by  

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

h o m i o t h e r m s  b e c a u s e  of th e ir  f lu c t u a t in g  body t e m p e r a t u r e  and m e t a ­

b o l i s m .  Thus e r y t h r o c y t e  co u n ts  s h o u ld  not  be  r e g a r d e d  as  a r e l i a b l e  

i n d i c a t o r  of p h y s i o l o g i c a l  c o n d i t io n  u n l e s s  l a r g e ,  u n i fo r m  s a m p l e s  a r e  

taken .  S i n c e  only  10 s p e c i m e n s  of L .  f a l l a x  w e r e  u s e d  for  e r y t h r o c y t e  

c o u n t s  and s i n c e  the  a n i m a l s  u s e d  had b e e n  m a i n t a i n e d  in  an unnatura l  

e n v i r o n m e n t  fo r  a p e r i o d  of 11 m o n t h s ,  the  d e t e r m i n a t i o n s  m a y  not  

r e p r e s e n t  the  t r u e  r e d  c e l l  d e n s i t y  of th is  s p e c i e s  in  i t s  n a t u r a l  habitat .  

A l s o ,  s i n c e  b lo o d  o x y g e n  c a p a c i t y  w a s  not  m e a s u r e d  in  t h e s e  10 a n i ­

m a l s ,  th is  r e s p o n s e  c a n n o t  b e  p lo t t e d  a s  a fu n c t io n  of e r y t h r o c y t e  

count .  T he  s a m e  i s  t r u e  fo r  the h e m o g l o b i n  c o n c e n t r a t i o n  d e t e r m i ­

n a t io n s  .

A s  m e n t i o n e d  in  the  In tro d u ct io n ,  u r o d e l e s  g e n e r a l l y  h a v e  l o w e r
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r e d  c e l l  counts  than ra n id  f r o g s ,  w h ic h  in turn h a v e  lo w e r  co u n ts  than  

b u fon id s  and h y l i d s . S i n c e  t h e r e  i s  an  i n v e r s e  r e l a t i o n s h i p  b e t w e e n  

e r y t h r o c y t e  n u m b e r  and s i z e ,  u r o d e l e s  h a v e  l a r g e r  r e d  c e l l s  than  

a n u ra n s  (H a r tm a n  and L e s s l e r ,  1964). High r e d  c e l l  cou n t  and s m a l l  

s i z e  l e a d  to g r e a t e r  e f f i c i e n c y  in r e s p i r a t o r y  e x c h a n g e  and m a y  a l lo w  

h i g h e r  m e t a b o l i s m  ( V e r n b e r g ,  1955).

T e r r e s t r i a l  and a r b o r e a l  a n u ra n s  h a v e  a r e l a t i v e l y  h ig h  n u m b e r  

of r e d  b lo o d  c e l l s  p e r  cu b ic  m i l l i m e t e r :  Bufo  a m e r i c a n u s ,  658 , 000;

B.  m a r i n u s ,  8 1 7 ,0 0 0 ;  H yla  v e r s i c o l o r ,  6 1 5 ,2 5 0  (H u tc h in so n  and  

S z a r s k i ,  1965; H a l l ,  1966).  S e m i - t e r r e s t r i a l  f r o g s  h a v e  i n t e r m e d i a t e  

c o u n ts :  R ana t e m p o r a r i a ,  4 0 0 , 0 0 0 ;  R. p ip i e n s ,  3 7 9 , 0 0 0  (F o x o n ,  1964; 

L e f t w i c h  and B u r k e ,  1964). A q u a t ic  r a n id s  h a v e  r e l a t i v e l y  low counts:

R. c l a m i t a n s , 320 ,  000; R. c a t e s b e i a n a ,  280,  000 ( L e f t w ic h  and B u r k e ,  

1964). A  s i m i l a r  tr e n d  i s  a b s e n t  in  the  o r d e r  U r o d e la :  th e  b lo o d  of

t e r r e s t r i a l  s a l a m a n d e r s  i s  not  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  that of 

a q u a t ic  s p e c i e s  (A n d rew ,  1965).  L e p t o d a c t y lu s  f a l l a x  has  an a v e r a g e  

e r y t h r o c y t e  cou n t  of 672,  000  w h ic h  i s  in the  s a m e  r a n g e  as  that of o th er  

t e r r e s t r i a l  a n u r a n s .  T he  r e l a t i v e l y  h igh  r e d  c e l l  co u n t  found h e r e  m a y  

p a r t i a l l y  e x p la in  the  r e l a t i v e l y  h igh  b lo o d  o x y g e n  c a p a c i t y  of th is  s p e c i e s .

B oth  R o o f e  (1961) and N o b l e  (1954) s t a t e  that a q u a t ic  a m p h ib ia n s  

h a v e  l o w e r  e r y t h r o c y t e  co u n ts  than t e r r e s t r i a l  a m p h ib i a n s  b e c a u s e  of 

the  d i lu t io n  of the  b lo o d  of a q u a t ic  f o r m s .  W h e th er  or not  th is  i s  a c t u a l l y
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the  c a s e  a m o n g  a n u ra n s  i s  not  known and s h o u ld  be  ex p er im en ta l ly -  

i n v e s t i g a t e d .

In L. f a l l a x  t h e r e  i s  no s i g n i f i c a n t  ( P > 0 .  05) i n c r e a s e  of r ed  

b lo o d  c e l l  cou n t  w ith  an  i n c r e a s e  in  w e ig h t ,  as  sh o w n  in  F i g u r e  3. T he  

c o r r e l a t i o n  c o e f f i c i e n t  fo r  th is  r e l a t i o n s h i p  i s  v e r y  low ,  0. 14, i n d i c a t i n g  

that t h e r e  i s  l i t t l e  a s s o c i a t i o n  b e t w e e n  w e ig h t  and e r y t h r o c y t e  count .  

T h e r e f o r e ,  the  i n c r e a s e  in  b lo o d  o x y g e n  c a p a c i t y  w ith  an i n c r e a s e  in  

body w e i g h t  ca n n o t  b e  a t t r ib u te d  to c h a n g e s  in e r y t h r o c y t e  n u m b e r .

L a c k  of e f f e c t  of body  w e ig h t  on r e d  c e l l  n u m b e r  w a s  a l s o  found in 

A m b y s t o m a  t ig r in u m  (R oofe ,  1961) and in Bufo  m e l a n o s t i c u s  (C hu rch ,  

1961). L e f t w i c h ' s  data  (1958) i n d i c a t e  that  the  s a m e  i s  t r u e  for  R ana  

p i p i e n s .

With r e g a r d  to s e x ,  e r y t h r o c y t e  co u n ts  a r e  g e n e r a l l y  h ig h e r  in  

m a l e  a m p h ib i a n s  than in  f e m a l e s ;  s u c h  i s  the  c a s e  in  A m b y s t o m a  

t i g r in u m  (R oofe ,  1961), R ana  t e m p o r a r i a  (F o x o n ,  1964),  and R. p ip i e n s  

( L e f tw ic h ,  1958).  N o b l e  (1954) s t a t e s  that m a l e  f r o g s  h a v e  h ig h e r  r e d  

c e l l  cou n ts  than f e m a l e s ,  but g i v e s  no s u p p o r t in g  data .  C o n f l i c t in g  data  

i s  r e p o r t e d  by F o x o n  (1964) who c i t e s  the w o r k  of K aplan  who found that  

R. p ip i e n s  f e m a l e s  had h i g h e r  r e d  c e l l  counts  than m a l e s .  H o w e v e r ,  

a b s e n c e  of s e x u a l  d i f f e r e n c e s  in  r e d  c e l l  count  h a s  b e e n  r e p o r t e d  for  

s e v e r a l  a m p h ib i a n s  (H u tch in so n  and S z a r s k i ,  1965; F o x o n ,  1964).  C o n ­

f l i c t i n g  r e p o r t s  of s e x u a l  d i f f e r e n c e s  in  e r y t h r o c y t e  co u n ts  h a v e  b e e n
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m a d e  f o r  t u r t l e s  (A lt land  and T h o m p so n ,  1958; G a u m e r  and Goodnight ,  

1957).  T he  d i f f e r e n c e  in  r e d  c e l l  count  b e t w e e n  m a l e s  and f e m a l e s  of  

L. f a l l a x  h a s  s t a t i s t i c a l  s i g n i f i c a n c e  ( P < 0 .  05),  w i th  f e m a l e s  h a v in g  a 

h i g h e r  count  than m a l e s .  H o w e v e r ,  this  d i f f e r e n c e  has  l i t t l e  b i o l o g i c a l  

s i g n i f i c a n c e ,  s i n c e  h e m o g l o b i n  c o n c e n t r a t i o n s  of m a l e  and f e m a l e  b lood  

a r e  a p p r o x i m a t e l y  th e  s a m e ,  a s  w i l l  be  d i s c u s s e d  b e lo w ,  and s i n c e  

m a l e s  h a v e  a h ig h e r  b lood  o x y g e n  c a p a c i t y  than f e m a l e s .  W h e th er  

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

not  known.

H e m o g l o b i n  c o n c e n t r a t i o n  of v e r t e b r a t e  b lo o d  v a r i e s  o v e r  a w id e  

r a n g e ,  w ith  h o m i o t h e r m s  g e n e r a l l y  h a v in g  h ig h e r  v a lu e s  than p o i k i l o ­

t h e r m s  ( P r o s s e r  and B r o w n ,  1961). Goin  and J a c k s o n  (1965) po in t  out  

that the w id e  r a n g e  of h e m o g l o b i n  v a lu e s  a m o n g  c o l d - b l o o d e d  v e r t e ­

b r a t e s ,  both  i n t e r -  and i n t r a - s p e c i f i c a l l y , i s  to b e  e x p e c t e d  s i n c e  h e m o ­

g lo b in  c o n c e n t r a t i o n  i s  d e p e n d en t  on m a n y  v a r i a b l e s  s u c h  a s  ontogen y ,  

a c t i v i t y ,  a l t i tu d e ,  and t e m p e r a t u r e ,  e a c h  of w h ic h  f lu c t u a t e s  w id e ly .  

H o w e v e r ,  t h e r e  i s  a g e n e r a l  t r e n d  a m o n g  p o i k i l o t h e r m s  for  b lo o d  h e m o ­

g lo b in  c o n c e n t r a t i o n  to b e  c o r r e l a t e d  w ith  h a b i ta t  and a c t iv i t y .  F i s h e s  

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

t r a t i o n  than t h o s e  l i v i n g  in w a r m e r  w a t e r s ,  and a c t i v e  s p e c i e s  h a v e  

h i g h e r  h e m o g l o b i n  c o n t e n t  than s l u g g i s h  ones  (S ch o la n d e r  and van D a m ,  

1957).  T h e  a c t i v e ,  a q u at ic  sn a p p in g  tu r t l e ,  C h e ly d r a  s e r p e n t i n a ,  h as  a
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h ig h e r  h e m o g l o b i n  c o n te n t  and a m o r e  s i g m o i d  o x y g en  e q u i l ib r iu m  

c u r v e  than the  l e s s  a c t i v e ,  t e r r e s t r i a l  T e r r a p e n e  Carol ina  (G a u m e r  

and Goodnight ,  1957). T he  o p p o s i t e  t r e n d  i s  found in a n u ra n s  w h e r e  

t e r r e s t r i a l  s p e c i e s  a r e  g e n e r a l l y  m o r e  a c t i v e  than aq u at ic  f o r m s  

( C r o n h e im ,  1927, in  L e f t w i c h  and B u r k e ,  1964).  T h e  a q u at ic  R ana  

c l a m i t a n s  and R.  c a t e s b e i a n a  both h a v e  a h e m o g l o b i n  c o n t e n t  of 6. 5 

g m .  %, w h i l e  the  s e m i - t e r r  e s t r i a l  R. p ip ie n s  e x h ib i t e d  a v a lu e  of

9. 9 g m .  % (L e f t w ic h  and B u r k e ,  1964).  F o u r  s p e c i e s  of Bufo  had v a lu e s  

r a n g in g  f r o m  10. 2 to 12. 8 g m .  % (Goin and J a c k s o n ,  1965; H a i l ,  1966; 

J o h a n s e n  and D i ta d i ,  1966).  H y la  s e p t e n t r io n a l i s  and H. c i n e r e a  had  

h e m o g l o b i n  v a lu e s  of 9. 4 and 11. 3 g m .  %, r e s p e c t i v e l y  (Goin and J a c k ­

s o n ,  1965).  Bufo  m a r i n u s , w h ic h  in h ab i t s  lo w la n d  a r e a s  up to i, 500  

m e t e r s ,  had b lood  w ith  8. 66 g m .  % h e m o g l o b i n ,  w h i l e  B. b o c o u r t i ,  

w h ic h  i s  found in  upland a r e a s  to 3, 600 m e t e r s ,  had a v a lu e  of 10. 57 

g m .  % (Stuart,  1951). S tu a r t  (1951) c i t e s  A l d e r  and H ub er  who found that  

the  h e m o g l o b i n  v a l u e s  of a lo w la n d  bufonid ,  hy l id ,  and m i c r o h y l i d  of 

E u r o p e  r a n g e d  f r o m  7. 5 to 13. 5 gm .  %, w h i l e  the  a lp i n e  toad ,  B o ra b i -  

n a t o r  p a c h y p u s , had v a lu e s  of f r o m  14. 3 to 15. 5 g m .  %. T he  h e m o ­

g lo b in  c o n t e n t  d e t e r m i n e d  for  the  b lo o d  of L. fa l l a x ,  10. 9 g m .  %, i s  in  

th e  s a m e  r a n g e  as  t h o s e  found fo r  o ther  t e r r e s t r i a l  a n u r a n s ,  and m a y  

c o n t r i b u t e  to the  r e l a t i v e l y  high b lo o d  o x y g e n  c a p a c i t y  of th is  s p e c i e s .

A h ig h ly  s i g n i f i c a n t  i n c r e a s e  in  h e m o g l o b i n  c o n c e n t r a t i o n  w i th  an
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i n c r e a s e  in  body w e ig h t  w a s  found in  Bufo  b o c o u r t i  but not  in B. imari-  

nus (Stuart ,  1951). H e m o g lo b in  c o n c e n t r a t i o n  i n c r e a s e s  with  body  

w e ig h t  in Bufo  m e l a n o s t i c u s  (Church,  1961), but n o t  in  A m b y s t o m a  

t ig r in u m  (R oofe ,  1961). L e f t w i c h ’s data (1958) i n d i c a t e s  that t h e r e  i s  a 

d e f in i t e  i n c r e a s e  in  h e m o g l o b i n  c o n c e n t r a t i o n  w ith  an i n c r e a s e  in  body  

w e ig h t  in  R ana  p i p i e n s ,  R. c l a m i t a n s ,  and R. c a t e s b e i a n a .  H o w e v e r ,  

s t a t i s t i c a l  a n a l y s e s  w h ic h  w o u ld  in d i c a t e  the  s i g n i f i c a n c e  of s u c h  an  

i n c r e a s e  w e r e  not  p r e s e n t e d .  T h e r e  i s  e s s e n t i a l l y  no c h a n g e  in  h e m o ­

g lo b in  c o n c e n t r a t i o n  w i th  i n c r e a s i n g  bod y  w e i g h t  in L e p t o d a c t y lu s  f a l l a x , 

a s  i n d ic a t e d  in F i g u r e  4. A l s o ,  the c o r r e l a t i o n  c o e f f i c i e n t  i s  qu i te  low ,  

- 0 .  06 ,  in d ic a t in g  a w e a k  a s s o c i a t i o n  b e t w e e n  body w e ig h t  and h e m o ­

g lo b in  c o n c e n t r a t i o n .  T h e r e f o r e ,  a s  an a n i m a l  i n c r e a s e s  in  w e ig h t ,  the  

i n c r e a s e  in b lo o d  o x y g e n  c a p a c i t y  m a y  be  due to an i n c r e a s e  in the o x y ­

g e n  a f f in i ty  of th e  h e m o g l o b i n ,  r a t h e r  than to an i n c r e a s e  in h e m o g l o b i n  

c o n c e n t r a t i o n .  Su ch  an  i n c r e a s e  in o x y g e n  a f f in i ty  w ith  an i n c r e a s e  in  

body w e ig h t  h a s  b e e n  sh o w n  in  m a m m a l s  by F o r e m a n  (1954) and S c h m i d t -  

N i e l s e n  and L a r i m e r  (1958).

S i g n i f i c a n t  d i f f e r e n c e s  in  h e m o g l o b i n  c o n te n t  of the b lood  of m a l e s  

and f e m a l e s  h a v e  b e e n  sh o w n  to b e  a b s e n t  in  R. p i p i e n s ,  R. c a t e s b e i a n a  

(L e f tw ic h ,  1958),  Bufo  b o c o u r t i  (S tuart,  1951) and A m b y s t o m a  t i g r inum  

(R oofe ,  1961). S e x u a l  d i m o r p h i s m  in  h e m o g l o b i n  c o n c e n t r a t i o n  has  b e e n  

r e p o r t e d  for  R. c l a m i t a n s , a l th ou gh  s t a t i s t i c a l  i n t e r p r e t a t i o n  of th is
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d i f f e r e n c e  w a s  not  f u r n i s h e d  (L e f t w ic h ,  1958).  S ig n i f i c a n t  s e x u a l  

d i f f e r e n c e s  in h e m o g l o b i n  c o n te n t  a r e  a b s e n t  in  t u r t l e s  (G a u m e r  and  

Goodnight ,  1957; A l t la n d  and T h o m p s o n ,  1958) but p r e s e n t  in  adu lt  

h u m a n s  (Haden,  1940).  T h e  d i f f e r e n c e  in  h e m o g l o b i n  c o n te n t  b e t w e e n  

m a l e s  and f e m a l e s  of L. f a l l a x  i s  not  s t a t i s t i c a l l y  s i g n i f i c a n t  ( P > 0 .  05).  

T h e r e f o r e ,  the d i f f e r e n c e  in b lo o d  o x y g e n  c a p a c i t y  b e t w e e n  s e x e s  m u s t  

b e  due to s o m e  o ther  f a c t o r ,  a s  w i l l  b e  d i s c u s s e d  b e lo w .

F o r e m a n  (1954) and S c h m i d t - N i e l s  en and L a r i m e r  (1958) show  

that in m a m m a l s  o x y g e n  a f f in i ty  of th e  b lo o d  i n c r e a s e s  w ith  i n c r e a s i n g  

body  w e ig h t .  S i n c e  m a l e s  of L. fa l l a x ,  on the a v e r a g e ,  w e i g h  m o r e  

than f e m a l e s ,  and s i n c e  m a l e s  and f e m a l e s  h a v e  a p p r o x i m a t e l y  the  s a m e  

a m o u n t  of h e m o g l o b i n ,  it  i s  p o s s i b l e  that the g r e a t e r  o x y g e n  c a p a c i t y  of  

m a l e  b lo o d  i s  due to a g r e a t e r  o x y g e n  a f f in i ty  of m a l e  h e m o g l o b i n .  The  

b a s i s  fo r  s u c h  a d i f f e r e n c e  in  b lo o d  o x y g e n  a f f in i ty  i s  n o t  i m m e d i a t e l y  

c l e a r .

It i s  w e l l  known that h e m o g l o b i n  p r o d u c e d  by d i f f e r e n t  o r g a n s  at  

d i f f e r e n t  s t a g e s  in the  l i f e  h i s t o r y  of a n u ra n s  h a v e  d i f f e r e n t  m o l e c u l a r  

s t r u c t u r e s  and thus d i f f e r e n t  o x y g e n  c a p a c i t i e s  (H am ada  and Shukuya,  

1966; M c C u t c h e o n ,  1936; T r a d e r  and F r i e d e n ,  1966).  S i n c e  h e m o g l o b i n s  

w ith  d i f f e r e n t  s t r u c t u r e s  h a v e  d i f f e r e n t  o x y g e n  a f f i n i t i e s ,  s t r u c t u r a l  

d i f f e r e n c e s  b e t w e e n  m a l e  and f e m a l e  h e m o g l o b i n s  m ig h t  b e  the  c a u s e  

of the  d i f f e r e n t  o x y g e n  c a p a c i t i e s ,  e v e n  though no s e x u a l  d i f f e r e n c e  in
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h e m o g l o b i n  c o n c e n t r a t i o n  o c c u r s .  T h e r e f o r e ,  a p r e l i m i n a r y  i n v e s t i ­

g a t io n  w a s  u n d e r t a k e n  to d e t e r m i n e  i f  m a l e  and f e m a l e  h e m o g l o b i n s  of 

Li. f a l l a x  had d i s s i m i l a r  s t r u c t u r e s .

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

has  i n d ic a t e d  that  the n u m b e r  of c o m p o n e n t s  and th e ir  r e l a t i v e  m o b i l i ­

t i e s  v a r y  c o n s i d e r a b l y ,  and that  t h e s e  e l e c t r o p h o r e t i c  p a t t e r n s  c a n  be  

u s e f u l  in  t a x o n o m i c  s t u d i e s  ( D e s s a u e r  et a l .  , 1957; Rodnan and Ebaugh,  

1957).  T oad s  of the  g en u s  Bufo  m a y  e x h ib i t  one or two h e m o g l o b i n  c o m ­

p o n en ts  {F ox  et a l .  , 1961; Guttman,  1967).  The  e l e c t r o p h o r e t i c  p a t t e r n s  

of h e m o g l o b i n  of ta d p o le s  and a du lts  a r e  d i s s i m i l a r  in both R ana  c a t e s -  

b e ia n a  (H am ad a  et a l .  , 1964) and H. g r y l i o  (B en n e t t  and F r i e d e n ,  1962).  

T h r e e  of the  f i v e  s p e c i e s  of South A m e r i c a n  L e p t o d a c t y lu s  s tu d ie d  by  

B e r t i n i  and B a t h e  (1962) h a v e  two h e m o g l o b i n  c o m p o n e n t s ,  the  o th er  two  

h a v in g  one and t h r e e  c o m p o n e n t s ,  r e s p e c t i v e l y .  S in c e  p a p er  e l e c t r o ­

p h o r e s i s  w a s  u s e d  in  t h e s e  s t u d i e s  on L e p t o d a c t y l i d s , th e ir  e l e c t r o ­

p h o r e t i c  p a t t e r n s  ca n n o t  b e  c o m p a r e d  q u a n t i t a t iv e ly  w ith  the p a t te r n  of 

B. f a l l a x  b lo o d  r e p o r t e d  h e r e .  No o th er  s t u d ie s  on L e p t o d a c t y lu s  

h e m o g l o b i n  a r e  know n to the author .

N o  m e n t i o n  of s e x u a l  d i f f e r e n c e s  in  e l e c t r o p h o r e t i c  p a t t e r n  w a s  

m a d e  by any  of t h e s e  a u t h o r s .  H u t ch in so n  ( p e r s o n a l  c o m m u n i c a t i o n )  

k n o w s  of no s u c h  s e x u a l  d i f f e r e n c e s  in a m p h ib ia n  or r e p t i l i a n  h e m o ­

g lo b in  e l e c t r o p h o r e t i c  p a t t e r n s .  The  f a c t  that the  e l e c t r o p h o r e t i c
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p a t t e r n s  of the p r o t e in s  of e r y t h r o c y t e s  of m a l e  and f e m a l e  L e p t o d a c t y -  

lus  f a l l a x  w e r e  i d e n t i c a l  i s  an a r g u m e n t  a g a i n s t  s e x u a l  d i m o r p h i s m  in  

h e m o g l o b i n  s t r u c t u r e  ( D e s s a u e r ,  1966).

T h e  a b s o r p t i o n  s p e c t r u m  for  L. f a l l a x  o x y h e m o g l o b i n  has  v e r y  

n e a r l y  the  s a m e  m a x i m a  as  t h o s e  found for  ta d p o le s  and ad u l ts  of the  

b u l l f r o g  (B e n n e t t  and F r i e d e n ,  1962),  and e v en  fo r  the  tu r t l e ,  P s  eud-  

e m y s  s c r i p t a  ( R a m i r e z  and D e s s a u e r ,  1957). T h e  a b s o r p t i o n  bands  for  

th e  c a r b o n  m o n o x i d e  f o r m  of L .  f a l l a x  h e m o g lo b in  c o r r e s p o n d  v e r y  

c l o s e l y  to t h o s e  found in  m a n  ( P r o s s e r  and B ro w n ,  1961). The  d i f f e r ­

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

f o r  both f o r m s  of h e m o g l o b i n  a r e  not g r e a t  enough to j u s t i f y  the  c o n ­

c l u s i o n  that t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  in h e m o g l o b i n  type  b e t w e e n  

th e s ex  e s .

If i t  i s  a s s u m e d  that a n u ra n  b lo o d  binds  1. 34 m l  of o x y g e n  p er  

g r a m  of h e m o g lo b in ,  the  b lo o d  of L e p t o d a c t y lu s  f a l l a x  s h o u ld  h a v e  an  

o x y g e n  c a p a c i t y  of 14. 6 vo l .  % (Hal l ,  1966).  H o w e v e r ,  s i n c e  the  

o b s e r v e d  o x y g e n  c a p a c i t y  i s  10. 5 v o l .  %, a p p r o x i m a t e l y  30% of the h e m o ­

g lo b in  p r e s e n t  i s  not  t r a n s p o r t i n g  oxygen .  B lo o d  of s n a k e s ,  d o g s ,  and  

h u m a n s  c o n ta in s  m e t h e m o g l o b i n ,  an o x id i z e d  f o r m  of h e m o g l o b i n  not  

c a p a b l e  of c o m b i n i n g  r e v e r s i b l y  w ith  o x y g e n  ( P r a d o ,  1946).  In fa c t ,  a l l  

23 s p e c i m e n s  of the sn a k e ,  B o th r o p s  j a r a r a c a  w h ic h  w e r e  e x a m i n e d  by  

P r a d o  (1946) had m e t h e m o g l o b i n  in  th e ir  b lood ,  v a r y i n g  in  p e r c e n t a g e  of
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tota l  h e m o g l o b i n  f r o m  6. 0 to 28.  0% and a v e r a g i n g  17. 0%. M e t h e m o ­

g lo b in  m a y  c o m p r i s e  5 to 90% of the to ta l h e m o g l o b i n  of t u r t l e s  (S u l l i ­

van and R i g g s ,  1964).  H o w e v e r ,  s i n c e  m e t h e m o g l o b i n  has  a w a v e ­

l e n g th  of m a x i m u m  a b s o r p t i o n  of 635 m}A(Hawk et a l .  , 1954), and s i n c e  

an a b s o r p t i o n  band a t  that  w a v e l e n g t h  w a s  not  s e e n  in  the  a b s o r p t io n  

s p e c t r u m  of L.  f a l l a x  h e m o g l o b i n ,  i t  i s  p r o b a b le  that m e t h e m o g l o b i n  

i s  not p r e s e n t  and i s  t h e r e f o r e  not  r e s p o n s i b l e  fo r  the in a c t i v i t y  of 

s o m e  of the  h e m o g l o b i n  of L. f a l l a x . U s i n g  the  s a m e  m e t h o d  of c a l c u ­

la t io n ,  i t  a p p e a r s  that 13% of the h e m o g l o b i n  i s  i n a c t i v e  ( n o n - o x y g e n  

binding)  in  m a l e s  and 43% in f e m a l e s .  T h e  m o l e c u l a r  b a s i s  fo r  th is  

s e x u a l  d i m o r p h i s m  in the  o x y g e n - b in d i n g  a b i l i t y  of h e m o g l o b i n  i s  not  

known.  H o w e v e r ,  i t  i s  p o s s i b l e  that s u c h  a d i f f e r e n c e  m a y  be  g e n e t i ­

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

m i n e d  by  s e x  c h r o m o s o m e s  a r e  w e l l  known (Ohno et a l .  , 1965).

In 1935, H a l l  r e p o r t e d  that c h i c k  h e m o g l o b i n  has  a g r e a t e r  a f f in i ty  

fo r  o x y g e n  than d o e s  adu lt  c h i c k e n  h e m o g l o b i n ,  and that t h e r e  a r e  two  

d i s t i n c t  h e m o g l o b i n  t y p e s ,  one  o c c u r i n g  e a r l y  in in c u b a t io n  and the o th er  

r e p l a c i n g  i t  d u r in g  h a tch in g .  H u i s m a n  and van V e e n  (1964) found that  

t h e s e  c h a n g e s  a r e  a c c o m p a n i e d  by a d e c r e a s e  in  the  p h o sp h a te  c o n te n t  

of r e d  c e l l s  and that l o w e r  p h o s p h a t e  l e v e l s  d e c r e a s e  the  a b i l i t y  of adu lt  

c h i c k e n  h e m o g l o b i n  to bind o x y g e n .  H u i s m a n  et a l .  (1964), h o w e v e r ,  

found that t h e r e  w e r e  two c o m p o n e n t s  in adu lt  h e m o g l o b i n  and that w h i l e
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t h e s e  h e m o g l o b i n s  had i d e n t i c a l  a b s o r p t i o n  s p e c t r a  in  the o x y -  and  

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

in  th e ir  o x y g e n  a f f in i ty ,  h e m e - h e m e  in t e r a c t i o n ,  and p h y s i o l o g i c a l  

p r o p e r t i e s  w h e n  t r e a t e d  with  i d e n t i c a l  s a l t  s o lu t io n s .  T h u s ,  it  a p p e a r s  

that  the i n t r a c e l l u l a r  c o n c e n t r a t i o n  of in o r g a n i c  io n s  ca n  a f f e c t  the  o x y ­

gen  a f f in i ty  of the b lo o d  of adu lt  c h i c k e n s .  W h eth er  a d i f f e r e n c e  in ion  

c o n c e n t r a t i o n  or in o x y g e n  a f f in i ty  e x i s t s  b e tw e e n  the b lo o d  of m a l e s  

and f e m a l e s  of L. f a l l a x  i s  n o t  known, and m ig h t  b e  i n v e s t i g a t e d  p r o f i ­

tab ly .  If s u c h  a d i f f e r e n c e  e x i s t s ,  i t  m i g h t  ex p la in  the d i f f e r e n c e  in  

b lo o d  o x y g e n  c a p a c i t y  b e t w e e n  m a l e s  and f e m a l e s .



SUM M ARY

1. The  b lo o d  o x y g e n  c a p a c i t y  of 25 m a l e  and 25 f e m a l e  L e p t o d a c t y lu s  

f a l l a x ,  a f r o g  e n d e m i c  to the  i s l a n d  of D o m i n i c a ,  B r i t i s h  W e s t  

I n d ie s ,  w a s  d e t e r m i n e d  by the  m i c r o g a s o m e t r i c  s y r i n g e  m e th o d .

2. E r y t h r o c y t e  c o u n t s  of 5 m a l e s  and 5 f e m a l e s  w e r e  m a d e  u s in g  

s t a n d a r d  t e c h n i q u e s .  H e m o g l o b i n  c o n c e n t r a t i o n s  of the  b lo o d  of

5 m a l e s  and 5 f e m a l e s  w e r e  d e t e r m i n e d  by the  u n o p e t t e - c o l o r i m e t e r  

m e th o d ,  u s in g  a S p e c t r o n i c  20 C o l o r i m e t e r .

3. L e p t o d a c t y l u s  f a l l a x  has  a m e a n  b lood  o x y g e n  c a p a c i t y  of 10. 5 vo l .% .  

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  in b lo o d  o x y g e n  c a p a c i t y  b e t w e e n  

p o p u la t io n s  l i v i n g  a t  1, 200 f e e t  and at  s e a  l e v e l .  M a l e s  and f e m a l e s  

h a v e  m e a n  v a l u e s  of 12. 5 and 8. 5 v o l .  %, r e s p e c t i v e l y ,  the  d i f f e r e n c e  

b e t w e e n  s e x e s  b e in g  s t a t i s t i c a l l y  s i g n i f i c a n t  a f t e r  b lo o d  o x y g e n  c a p a c ­

i ty  v a lu e s  a r e  a d j u s t e d  fo r  d i f f e r e n c e s  in  body w e ig h t .

4.  T he  m e a n  e r y t h r o c y t e  count  i s  672 ,  000 c e l l s  p e r  m m ^ . F e m a l e s  

h a v e  a s i g n i f i c a n t l y  h ig h e r  co u n t  (744,  000 c e l l s  p e r  m m  ) than

O

m a l e s  (600,  000  c e l l s  p e r  m m  ). T h e  m e a n  h e m o g l o b i n  c o n te n t  is

10. 9 g m .  %, w ith  no s i g n i f i c a n t  s e x u a l  d i f f e r e n c e  b e in g  p r e s e n t .

5. T h e r e  i s  a s i g n i f i c a n t  i n c r e a s e  in b lo o d  o x y g e n  c a p a c i t y  and a h ig h ly  

s i g n i f i c a n t  d e c r e a s e  in  b lo o d  o x y g e n  c a p a c i t y  p e r  g r a m  of body  

w e i g h t  w ith  an i n c r e a s e  in  body  w e ig h t .  T h e s e  t r e n d s  a c c o m p a n y



the  t e n d e n c y  fo r  b lo o d  v o l u m e  p e r  g r a m  of body w e ig h t  and m e t a ­

b o l i s m  p e r  g r a m  of body  w e i g h t  to d e c r e a s e  w ith  an i n c r e a s e  in  

body w e ig h t .  T h e r e  i s  no s i g n i f i c a n t  c h a n g e  in  e r y t h r o c y t e  cou n t  

or h e m o g l o b i n  c o n te n t  w ith  an i n c r e a s e  in  body  w e ig h t .

6. The  e l e c t r o p h o r e t i c  p a t t e r n s  at  pH 8. 3 of m a l e ,  f e m a l e ,  and of a  

m i x t u r e  of m a l e  and f e m a l e  b lo o d  c e l l  p r o t e i n s  a r e  i d e n t i c a l .  E a c h  

b lo o d  s a m p l e  w a s  s e p a r a t e d  into  two c o m p o n e n t s ,  the m a j o r  c o m ­

p o n en t  h a v in g  the g r e a t e r  m o b i l i t y .

7. E x a m i n a t i o n  of the a b s o r p t i o n  s p e c t r a  of m a l e  and f e m a l e  b lo o d  

i n d i c a t e s  that t h e r e  i s  no s i g n i f i c a n t  s e x u a l  d i f f e r e n c e  in  the w a v e ­

l e n g th s  of m a x i m u m  a b s o r p t i o n  w h en  h e m o g l o b i n  i s  c o m b i n e d  w ith  

o x y g e n  or w ith  c a r b o n  m o n o x i d e .

8. It w a s  c o n c l u d e d  that the  s e x u a l  d i f f e r e n c e  in  b lo o d  o x y g e n  c a p a c i t y  

i s  due to s o m e  f a c t o r  not  r e v e a l e d  by the  m e t h o d s  e m p l o y e d .



A P P E N D I X  A

S e x
B o d y  W e ig h t  S n o u t - v e n t

in g r a m s  L en g th  in  Mm. L o c a t i o n 3,

1 1 .8  48 H
22. 2 67 H
3 6 . 6  8 1 H
4 1 . 5  91 H
47 .  5 93 H
6 1 . 0  89 H
6 4 . 0  10 1 H
6 8 . 0  95 H
8 1 .5  103 H
8 4 . 7  10 1 M
9 3 . 4  106 M
9 3 . 9  107 H

1 0 6 .7  112 H
1 3 3 .6  117 S
1 3 7 .5  121 H
1 3 7 .5  121 H
1 4 7 .2  116 H
1 4 7 .5  119 H
1 4 8 .0  122 M
1 4 8 .7  124 H
1 4 8 .8  130 H
15 1 .5  125 H
152. 1 122 M
1 5 2 .3  12 1 M
1 5 6 .7  126 H
164. 9 126 H
1 6 5 .0  122 H
1 6 5 . 6  126 H
167. 1 129 M
17 1 .4  119 M
1 7 1 .5  130 H
1 7 2 .7  13 1 M
1 7 8 .6  127 H
1 8 0 .0  126 S
1 8 3 .6  121 H

48

B lo o d  O xygen  
C a p a c i t y  in  

V o l .  %

4. 9 
7. 5
7. 0 
6. 7 
6. 9 
6 . 8 
4. 7

11. 2
6. 3
8. 7
7. 3
8 . 1 

10. 2 
11. 2 
10. 7
8 . 2 

12. 4
10. 3
12. 7
13. 7 
1 2 . 8 
1 2 . 0
11. 7 
10. 0 
13. 6
11. 3 
8. 7

13. 1
12 . 6
14. 7 
12. 7 
14. 0 
18. 3 
14. 3 
11. 0



A P P E N D I X  A - - C o n t i n u e d 49

B lo o d  O xygen

Sex
B o d y  W e ig h t  

in  g r a m s
S n o u t - v e n t  

L en g th  in M m T  aL o c a t io n
C a p a c i ty  in  

V o l .  %

M 186. 1 132 M 1 1 .  6

M 186. 6 126 H 10. 2
F 19 0 .8 125 H 8. 9
M 200 .  7 139 H 11. 9
F 204. 5 137 H 12. 3
M 211 .  6 133 M 16. 1
F 2 16. 2 135 H 9. 8
M 223.  0 134 S 12. 5
M 280 .  3 141 S 11. 4
F 2 8 3 .  6 15 1 M 10. 7
F 297.  5 153 M 7. 9
F 308.  1 156 M 7. 6
F 3 12. 6 15 1 H 4. 0
F 3 13. 9 147 H 10. 3
F 529. 3 169 S 13. 1

164. 8 121 10. 5M e a n

o  .
H: H i l l s b o r o u g h  E s t a t e ,  e l e v a t i o n  5 0 -100  f e e t  a b o v e  s e a  l e v e l
M: M a n n e t ' s  G utter ,  e l e v a t i o n  2 0 0 - 4 0 0  f e e t  a b o v e  s e a  l e v e l  
S: S p r i n g f i e l d  E s t a t e ,  e l e v a t i o n  1 ,2 0 0  f e e t  a b o v e  s e a  l e v e l



A P P E N D I X  B

S ex
B o d y  W e ig h t  

in  g r a m s
S n o u t - v e n t  

L en g th  in  Mm
E r y t h r o c y t e

Count2,
H e m o g lo b in

Content^

F 127. 7 111 72 12. 6
M 166 . 0 112 41 5. 1
F 178. 0 120 88 10. 9
M 195. 3 124 80 16. 6
M 198. 3 126 58 11. 6
M 2 16. 7 133 62 10. 1
M 2 2 0 .  8 133 59 1 0 .4
F 285.  9 139 64 8. 5
F 294 .  7 145 72 15. 3
F 323 .  3 146 76 8. 2

M e a n 220 .  7 129 67 10. 9

a In c e l l s  p e r  m m ^  x  10"“̂ 

'̂In gm. %
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