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CERTAIN ASPECTS OF THE RESPIRATORY FUNCTIONS OF THE BLOOD 

OF THE SPOTTED GAR, LEPISOSTEUS OCULATUS

CHAPTER I 

INTRODUCTION

The bony f i s h e s  vary  c o n s id e r a b l y  in t h e i r  a b i l i t y  t o  e x t r a c t  

oxygen from t h e i r  envi ronment  and in t h e i r  t o l e r a t i o n  o f  high c o n c e n t r a 

t i o n s  o f  carbon d i o x i d e .  These d i f f e r e n c e s  have been b rought  out  in a 

l a r g e  number o f  s t u d i e s  in  t h i s  cen tu ry  o f  the  r e s p i r a t o r y  f u n c t i o n s  of  

t h e  b lood  o f  v a r i o u s  f i s h e s .  Some o f  t h e  e a r l i e r  s t u d i e s  a re  those  o f  

Marsh (1902, 1906) who s t u d i e d  hemoglobin and r ed  blood c e l l  counts  o f  

t h e  brook t r o u t ,  S a l v e l i n u s  f o n t i n a l i s , and th e  rainbow t r o u t ,  Sal mo 

q a i r d n e r i . Krogh and L e i tc h  (1919) found remarkab le  d i f f e r e n c e s  in  the  

oxygen t e n s i o n s  r e q u i r e d  to  s a t u r a t e  t h e  blood o f  d i f f e r e n t  sp e c ie s  o f  

f i s h e s .  They no ted  a l s o  t h a t  f i s h  blood responded to  carbon d iox ide  

much more v a r i a b l y  than d id  mammal blood .  Powers ( l539)  i n v e s t i g a t e d  

t h e  hydrogen ion  c o n t e n t  o f  t h e  blood o f  the  c a r p ,  Cyprinus c a r p i o , and 

o f  Salmo i r i d i u s . H a l l ,  e t  a l .  (1926) s t u d i e d  changes in  the  hemoglobin 

and r ed  c e l l  c o u n t  o f  t h e  menhaden, B r e v o o r t i a  t y r a n n u s , as a f f e c t e d  by 

a s p h y x i a t i o n .

F u r t h e r  q u e s t i o n s  r ega rd ing  th e  r e s p i r a t o r y  phys io logy  o f  f i s h  

b lood  a r i s e  when t h e  s e v e r a l  s pec ie s  o f  f r e s h w a t e r  f i s h e s  t h a t  are  known
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to  u t i l i z e  both a q u a t i c  g i l l - b r e a t h i n g  and a e r i a l  b r e a t h i n g  a r e  c o n s id 

e re d .  Black and I r v i n g  (1937) s tu d i e d  oxygen d i s s o c i a t i o n  o f  the  blood 

of  the  bowfin ,  Ami a c a l v a , an a i r - b r e a t h e r .  Wil lmer  (1934)  i n v e s t i g a t e d  

t h r e e  a i r - b r e a t h i n g  f i s h e s  o f  B r i t i s h  Guiana,  t h e  ya r row ,  E r y th r i n u s  

e r y t h r i n u s , the  e l e c t r i c  e e l ,  E le c t ropho rus  e l e c t r i c u s , and t h e  h a s s a ,  

Hoplosterum l i t t o r a l e . G. R. F i sh  (1956) inc luded  C l a r i a s  mossambicus, 

an a i r - b r e a t h e r ,  i n  h i s  s t u d i e s  o f  the  oxygen d i s s o c i a t i o n  of  the  blood 

of  s e v e r a l  f i s h e s  o f  Uganda. None of  t h e s e  s t u d i e s  showed t h e  blood of  

a i r - b r e a t h e r s  to  be d i s t i n c t l y  d i f f e r e n t  from t h a t  of  c e r t a i n  o t h e r  

f i s h e s  t h a t  a re  r e s t r i c t e d  to  a q u a t i c  r e s p i r a t i o n .  Dubale (1959) com

pared the  i ro n  c o n t e n t  o f  t h e  blood of  f i v e  a i r - b r e a t h i n g  f i s h e s ,  Mac- 

rones g u l i o , Bolephthalmus d u s s u m i e r i , Osphronemus gouram i , Ophiocephalus  

s t r i a t u s , and H e te ro p n e u s te s  f o s s i l e s  w i th  t h a t  of  f i v e  f i s h e s  t h a t  are  

r e s t r i c t e d  t o  a q u a t i c  r e s p i r a t i o n .  He found t h a t  a l l  the  a i r - b r e a t h e r s  

had more blood i r o n  than  n o n - a i r - b r e a t h e r s .  Horn (1965) found t h a t  the 

r a t e  of  b r e a t h i n g  in  t h e  bowfin i n c r e a s e d  with t e m p e ra tu re  from 50 to  

90 °F.  A i r - b r e a t h i n g  was more f r e q u e n t  in da rkness  than  in  l i g h t .

The comparison o f  t h e  e f f i c i e n c y  o f  bloods o f  d i f f e r e n t  a n i 

mals n e c e s s i t a t e s  a more comple te  d e s c r i p t i o n  than  is  found in  the  l i t 

e r a t u r e  f o r  a i r - b r e a t h i n g  f i s h e s .  A minimal s e t  o f  p a ra m e te r s  t h a t  

would a l low  a comparison a r e  hemoglobin c o n t e n t ,  red c e l l  numbers,  hema

t o c r i t ,  pH, oxygen c a p a c i t y ,  oxygen d i s s o c i a t i o n ,  and t o t a l  blood volume. 

In t h i s  s t u d y ,  t h o se  pa ram ete rs  are  i n v e s t i g a t e d  f o r  t h e  s p o t t e d  g a r ,  

L e p i so s t e u s  o c u l a t u s , an a i r - b r e a t h e r .  This s p e c i e s  was chosen because 

i t  was t h e  most e a s i l y  a v a i l a b l e  loca l  a i r - b r e a t h i n g  f i s h .



The S u b je c t  of  the  Study

Although s e v e r a l  i n v e s t i g a t o r s  of  the  19th and e a r l y  20th cen 

t u r i e s  had sugg e s t e d  the  l i k e l i h o o d  t h a t  Lep i so s teus  uses  the  a i r  b l ad d e r  

as an organ f o r  a e r i a l  r e s p i r a t i o n ,  P o t t e r  (1927) was a p p a r e n t l y  the  

f i r s t  to  dem ons t ra te  the  f a c t  c o n c lu s i v e l y .  His work done on the  long-  

nose g a r ,  I. o s s e u s , and t h e  sho r tn o s e  g a r ,  i. p l a t y s t o m u s , showed t h a t  

t h e s e  f i s h e s  would d i e  w i t h i n  a few hours in  wa te r  w i th  1.9 cc/1 oxygen 

c o n t e n t  u n l e s s  a l lowed to  gulp atmospheric  a i r .  Analyses  o f  t h e  gases  

in  t h e  a i r  b l a d d e r  showed a dec re a se  in oxygen and an i n c r e a s e  in carbon 

d i o x id e  du r ing  t h e  i n t e r v a l s  between s u c c e s s iv e  s u r f a c i n g s .  He conc lud

ed t h a t  t h e  swim b l a d d e r  f u n c t i o n e d  as an a c ce s so ry  r e s p i r a t o r y  organ in 

t h e s e  f i s h e s .  Saksena (1963) i n v e s t i g a t e d  f o u r  e x t e r n a l  f a c t o r s - - t e m p e r -  

a t u r e ,  l i g h t ,  a c t i v i t y ,  and f e e d in g - - a n d  found t h a t  a l l  i n f lu e n ce d  the  

r a t e  of  a e r i a l  b r e a t h i n g  in  t h e  longnose ga r  and th e  s p o t t e d  ga r .  Winston 

(1967) found t h a t  both tem pe ra tu re  and l i g h t  a f f e c t  a e r i a l  b r e a t h in g  r a t e  

in  t h e  a l l i g a t o r  g a r ,  I. s p a t u l a .

The s p o t t e d  g a r  i s  one o f  f i v e  s p e c i e s  o f  ga rs  found in the  

United S t a t e s .  According to  Moore (1957, page 55) i t  ranges from Lakes 

E r ie  and Michigan through t h e  M is s i s s ip p i  r i v e r  b a s in  south to  Texas and 

along t h e  Gul f  c o a s t  to  F l o r i d a .  Trautman (1957,  page 163) gave the  maxi

mum s i z e  o f  t h e  s p o t t e d  ga r  as 44 inches  t o t a l - l e n g t h  and 6 pounds in  

we igh t .  In the  s o u th e r n  p a r t  o f  i t s  range where i t  i n h a b i t s  edges of  

bayous (Goodyear ,  1967) ,  i t  f r e q u e n t l y  encoun te rs  high w a te r  t em p e ra tu re s .



CHAPTER II 

MATERIALS AND METHODS

Experimental  Animals 

The g a r  used in  t h e s e  i n v e s t i g a t i o n s  were c a p tu r e d  in  Lake 

Texoma in  t h e  en v i ro n s  o f  t h e  U n i v e r s i t y  of  Oklahoma B io l o g ic a l  S t a t i o n ,  

e i t h e r  by e l e c t r i c a l  shocking  o r  in  hoop n e t s .  They were t r a n s p o r t e d  in 

l a r g e  tanks  to  t h e  Norman campus of  the  U n i v e r s i t y  and ke p t  i n  e i t h e r  

metal  or  c o n c r e t e  t an k s  s u p p l i e d  with c o n t i n u o u s ly  changing t ap  w a te r .

The wa te r  t e m p e ra tu re  v a r i e d  s e a s o n a l l y  from 18.0 to  26 .5  °C. The f i s h  

were fed r e g u l a r l y  a v a r i e t y  o f  l i v i n g  and f ro z e n  f i s h e s  i n c lu d in g  com

merc ial  b a i t  minnows, g o l d f i s h ,  M is s i s s i p p i  s i l v e r s i d e s ,  m o s q u i t o f i s h ,  

and white  b a s s .^

Method o f  Drawing Blood 

In a l l  o f  t h e  s t u d i e s  excep t  t h o se  o f  blood volume,  blood was 

ob ta ined  by h e a r t  p u n c tu re .  A f t e r  being weighed and measured f o r  t o t a l  

l e n g t h ,  t h e  f i s h  was immobil ized by wrapping i t  t i g h t l y  in  wet  c l o t h  and 

newspaper.  Then a s c a l e  on th e  v e n t r a l  m id l in e  of  t h e  body in  the  region 

of  the h e a r t  was loosened  a t  t h e  p o s t e r i o r  edge wi th a s m a l l ,  s t i f f

lAl l  common names o f  North American f i s h e s  used h e r e i n  conform 
to the American F i s h e r i e s  S o c i e t y  Spec ia l  P u b l i c a t i o n  No. 2 ,  Second Edi
t i o n ,  1960, "A L i s t  o f  Common and S c i e n t i f i c  Names o f  F i shes  from the  
United S t a t e s  and Canada."
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s c a l p e l .  P e n e t r a t i o n  of  the  h e a r t  was made through the body wall under 

the  loosened s c a l e  wi th  a 22 gauge needle  a t t a c h e d  t o  a sy r inge  and 

blood was drawn i n t o  the s y r in g e .  Both the  s y r inge  and needle  were r in se d  

be fo re  use with heparin  s o l u t i o n  to  p revent  c l o t t i n g  of the  blood.  Of 

se vera l  hundred samples taken in t h i s  manner,  in  on ly  a very few was th e r e  

any c l o t t i n g .  This is c o n t r a ry  to  the e xpe r ience  o f  severa l  I n v e s t i g a 

t o r s .  Hendricks (1952) experienced  g r e a t  d i f f i c u l t y  in r e t a rd i n g  c l o t t i n g  

of  the blood of the white s u c k e r ,  Catostomus commersoni, and G. R. Fish 

(1955) found t h a t  t h e  blood of  T i l a p i a  e s c u l e n t a  c l o t t e d  f r e q u e n t l y  when , 

o x a l a t e  a n t i c o a g u l a n t  was used.

Dete rmina t ions  o f  blood hemoglobin,  h e m a to c r i t ,  and red C e l l "  

number were made r e p e a t e d l y  on 39 i n d i v i d u a l l y  marked gars  over a per iod  

of  s evera l  months. Sampling of  i n d iv i d u a l s  was done a t  i n t e r v a l s  of  ap

prox im ate ly  one month.

Hematocri t

Hematocri t ,  the  r e l a t i v e  volume o f  packed red c e l l s ,  was meas

ured by the  "micro" method of  t ak ing  whole blood i n t o  a g l a s s  c a p i l l a r y  

tube  o f  uniform bo re ,  s e a l i n g  one end by fu s io n  in a f lame and c e n t r i f u 

ging i t  f o r  f i v e  minutes  in  an I n t e r n a t i o n a l  m i c r o - c a p i l l a r y  c e n t r i f u g e  

a t  14,000 X G. The hematocr i t  value was then read with an I n t e r n a t io n a l  

Model CR m i c r o - c a p i l l a r y  r e a d e r .  This method of  measuring hematocr i t  has 

l a r g e l y  r ep laced  t h e  o l d e r  Wintrobe method and has been used f o r  f i s h  

blood by Hesser  (1960) ,  Snieszko (1960) ,  Larsen and Snieszko (1961b) and 

Norniandeau (1962).

Hemoglobin

Hemoglobin was determined by the  q u a n t i t a t i v e  cyanmethemoglobin
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method o f  Wintrobe (1956) .  Hemoglobin is  here  conve r ted  t o  s t a b l e  cyan

methemoglobin and t h e  l i g h t  a b s o r p t io n  of the  s o l u t i o n  i s  measured spec- 

t r o p h o t o m e t r i c a l l y .  S tandard  a b s o r p t i o n  curves were p re p a re d  us ing  the 

commercial Hycel hemoglobin s t a n d a r d s  and d i l u t i n g  s o l u t i o n .  A Coleman 

Model 14 Spec t ropho tom e te r  was used to  measure o p t i c a l  d e n s i t y  o f  the 

s o l u t i o n s  a t  540 m i l l i m i c r o n s .  Thi s  techn ique  has been employed s u c c e s s 

f u l l y  on f i s h  blood  by Ge l ineo  and Gel ineo (1955) ,  Larsen and Snieszko 

(1961a) ,  Haws and Goodnight  (1962) ,  and Larsen (1964) .

Red Blood Cel 1 Numbers 

The s t a n d a r d  c l i n i c a l  t ec h n iq u e  f o r  coun t ing  red. blood c e l l s  

was employed (W in t robe ,  1956, p 387-389) .  Hendricks (1952) r e p o r t e d  

d i f f i c u l t i e s  in  us ing  Haymes s o l u t i o n  as a d i l u e n t  f o r  t h e  blood of  Cat

ostomus but  I e n c o u n te re d  no such t r o u b l e  with ga r  b lood .

Hydrogen Ion C oncen t ra t ion  

A Beckman Model 160 P h y s i o lo g i c a l  Gas Analyzer  with  Micro Blood 

pH Assembly was u t i l i z e d  f o r  a l l  pH measurements.

Blood Volume

The p r o c e d u r e s  used to  e s t i m a t e  blood volume were s l i g h t l y  modi

f i e d  from th o s e  r e p o r t e d  by Conte ,  e t  a l .  (1963) in t h e i r  s t u d i e s  of  blood 

volume o f  the  s t e e l  head t r o u t ,  Salmo g a i r d n e r i  q a i r d n e r i .  A commercial 

s o l u t i o n  of  human serum albumin w i th  r a d i o a c t i v e  i o d in e  ( I ^ ^ l )  was used 

f o r  t h e  d e t e r m i n a t i o n  o f  plasma volume. For e s t i m a t i o n  o f  the  t o t a l  red 

c e l l  volume, r e d  c e l l s  were tagged  with r a d i o a c t i v e  chromium (Cr^ l )  in 

the  form of  sodium chromat e .

Red c e l l s  were tagged  f o r  i n j e c t i o n  i n t o  a s u b j e c t  f i s h  in  the
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f o l l o w in g  manner:

(1) Blood taken  by h e a r t  punc tu re  from a donor  f i s h  was cen

t r i f u g e d ^  f o r  f i v e  minutes  and most of  the  plasma was decan ted .

(2) Sodium rad iochrom ate  s o l u t i o n  was added to  the  c e l l s ,  a l 

lowing a p p rox im a te ly  t h r e e  m ic rocu r ie s  o f  a c t i v i t y  per  m i l l i l i t e r  of 

c e l l s ,

(3) C e l l s  and i so to p e  s o l u t i o n  were i n cuba ted  t o g e t h e r  f o r  

one hour  a t  room te m p e ra tu re  (23-25 °C) w i th  o c c as io n a l  a g i t a t i o n ,

(4) C e l l s  were washed th re e  t imes  in approx im ate ly  ten  times 

t h e i r  volume o f  i s o t o n i c  s a l i n e ,  c e n t r i f u g e d  f o r  f i v e  minutes  fo l lowing  

t h e  f i r s t  two washes and ten  minutes  fo l low ing  the  t h i r d ,  the  supe rna 

t a n t  wash s o l u t i o n  be ing d i sc a r d e d  each t ime,

(5) The tagged  c e l l s  were resuspended in  o n e - t h i r d  to  one- 

h a l f  t h e i r  volume o f  i s o t o n i c  s a l i n e  and drawn i n t o  a hypodermic s y r i n g e ,  

ready f o r  i n j e c t i o n ,

A 0 ,020  ml sample o f  the  c e l l  suspens ion  was measured i n t o  a 

coun t ing  tube  as a s t a n d a r d  to  de te rmine  the  t o t a l  r a d i o a c t i v i t y  of  the 

c e l l s  i n j e c t e d  i n t o  t h e  s u b j e c t  f i s h .  The r a d i o a c t i v i t y  of the  t r e a t e d  

red c e l l s  ranged from 24,000 to 400,000 counts /min/ml of  c e l l s .

The r a d i o i o d i n a t e d  human serum albumin s o l u t i o n  was used as 

s u p p l i e d  by th e  m anu fac tu re r  or  was d i l u t e d  f u r t h e r  wi th i s o t o n i c  s a l i n e  

t o  reduce  the  r a d i a t i o n  count  pe r  u n i t  volume. An amount c a l c u l a t e d  to 

y i e l d  about  1500 count s  pe r  minute per  gram of  f i s h  was taken i n t o  a 

hypodermic s y r i n g e  f o r  i n j e c t i o n .  An equal volume of  t h e  i so to p e

^All c e n t r i f u g a t i o n s  were made in  an I n t e r n a t i o n a l  c l i n i c a l  
c e n t r i f u g e  a t  1790 x G un le s s  s p e c i f i e d  o th e rw i s e .
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p r e p a r a t i o n  was d i l u t e d  to  100 ml in  a v o lum e t r i c  f l a s k ,  and a measured 

sample was p i p e t t e d  i n t o  a coun t ing  tube  f o r  a s t a n d a r d .

The s u b j e c t  f i s h  was immobilized by wrapping i t  in wet news

paper  and then  t i e d  v e n t r a l  s i d e  up in  a V-shaped wooden t rough  a rranged  

to  hold the  head a t  a lower p o s i t i o n  than the  t a i l .  Water c o n ta in in g  

166 ppm o f  t r i c a i n e  m e th a n es u l fo n a t e  (Sandoz Pharm aceu t i ca l  MS-222) was 

pumped ove r  the  g i l l s  th rough the  o p e r c u l a r  o p e n ings .  The wa te r  d ra ined  

i n t o  a ca tchpan and from t h e r e  i n t o  a r e s e r v o i r  f rom which i t  was r e 

c i r c u l a t e d  t o  t h e  g i l l s .  A i r  was c o n t inuous ly  bubbled  i n t o  t h e  a n e s 

t h e t i c  w a t e r  in  the  r e s e r v o i r .  I r r i g a t i o n  o f  t h e  g i l l s  con t inued  

th roughou t  t h e  o p e r a t i o n .

When the  f i s h  was a n e s t h e t i z e d ,  as i n d i c a t e d  by a s l a c k  lower 

jaw,  an i n c i s i o n  was made i n t o  the  p e r i c a r d i a l  c a v i t y  t o  expose t h e  h e a r t  

and most  o f  the  v e n t r a l  a o r t a .  A blood h e m a t o c r i t  sample was removed by 

p u n c tu r ing  t h e  v e n t r i c l e .  The volume of  t h i s  i n i t i a l  sample was a p p ro x i 

mate ly  equal  t o  the  volume o f  the  i s o t o p e  p r e p a r a t i o n s  t h a t  were subse 

q u e n t ly  i n j e c t e d .

The p r e v i o u s l y  p re p a re d  and measured i s o t o p e  m a t e r i a l s  were i n 

j e c t e d  s low ly  i n t o  t h e  v e n t r a l  a o r t a  wi th  the  n e e d le  d i r e c t e d  a n t e r i o r l y .

Beginning t e n  minu tes  a f t e r  the  i n j e c t i o n  o f  t h e  i s o t o p e  p r e p r -  

r a t i o n s ,  blood samples  o f  0 .2 5  ml were taken  from t h e  v e n t r i c l e  a t  approx

im a te ly  f i v e - m i n u t e  i n t e r v a l s .  A t o t a l  o f  f i v e  such samples  was u s u a l l y  

made. There was no c h r o n i c  c a n n u la t i o n  o f  the  c i r c u l a t o r y  sys tem ,  so 

each i n j e c t i o n  o r  w i thd raw a l  c o n s t i t u t e d  a s e p a r a t e  p e n e t r a t i o n  o f  the  

system.

The blood samples were c e n t r i f u g e d  f o r  t e n  m in u te s .  Measured
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samples o f  t h e  plasma and o f  t h e  packed c e l l s  were then p i p e t t e d  i n t o  

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

R a d i a t i o n  coun ts  o f  t h e  samples  and s t a n d a r d s  were made w i th  

a T r a c e r l a b  Sing le -Channel  Gamma S p ec t rom ete r ,  Model SC 67 o r  w i th  a 

Packard Alphagamma Two-Channel S pec t rom ete r ,  Model 500C. S u f f i c i e n t  

counts  were made t o  reduce  c o u n t in g  e r r o r  to  2%. C o r r e c t io n s  were made 

f o r  background r a d i a t i o n  and f o r  t h e  p resence  o f  the  two d i f f e r e n t  i s o 

t o p e s ,  when both were p r e s e n t  i n  t h e  same sample,  by us ing the  method 

o f  Berman, e t  a l .  (1964).  Th is  method u t i l i z e s  the  gamma energy peak 

of  a t  0 .600 MEV to  e s t i m a t e  t h e  r a d i o a c t i v i t y  o f  t h e  i o d in e  in  the  

mixed sample.  Th is  i s  s u b t r a c t e d  from the combined coun ts  o f  t h e  two 

i s o t o p e s ,  and Cr^^ which o c c u r  a t  0.31 MEV.

When t h e  t o t a l  r a d i o a c t i v i t y - - e i t h e r  Cr^l o r  I ^ ^ ^ - - i n j e c t e d

i n t o  the  s u b j e c t  and t h a t  o f  a measured volume o f  the  c e l l s  o r  plasma

was found ,  the  blood  volume was computed according t o  the  formula:

E s t im ated  To ta l  c oun t  o f  i n j e c t e d  m a t e r i a l  ( c o u n t s /m in u te )
Volume o f  C e l l s  = Counts /m inu te /m l  of  c e l l s  (or  plasma) e x t r a p o l a t e d  
(or  plasma) to  ze ro - t im e .

The z e r o - t i m e  coun ts  were computed from t h e  r a d i a t i o n  counts  

a t  s u c c e s s iv e  t im e  i n t e r v a l s  by use o f  the fo rmula :

b o  = Z X i Y i  -

(zx)2 - nz(x2)

where b^ i s  the  i n t e r s e c t  o f  t h e  s t r a i g h t  l i n e  with the  Y -ax is ,  and x.j 

and y^ a r e  r e s p e c t i v e l y ,  t h e  s u c c e s s i v e  times o f  withdrawal  of blood and 

th e  observed r a d i a t i o n  count s  o f  t h o s e  samples.  Table  1 l i s t s  the  a c t i v 

i t y  of  t h e  i n j e c t e d  i s o t o p e s ,  t h e  a c t i v i t y  o f  each s u c c e s s iv e  p o s t - i n j e c 

t i o n  sample and th e  c a l c u l a t e d  va lu e s  of  the  z e ro - t im e  r a d i a t i o n  c o un t .  

Table 2 g iv es  c a l c u l a t e d  v a lu e s  of  plasma, red c e l l s ,  and whole blood
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f o r  each f i s h  examined.

Oxygen D i s s o c i a t i o n

S o l u t i o n s  o f  hemoglobin were p repa re d  f o r  s tu d y i n g  oxygen d i s 

s o c i a t i o n  as f o l l o w s :

(1) Whole blood from two or  more f i s h  was c e n t r i f u g e d  f o r  t en  

minutes  and th e  plasma was d i s c a r d e d ,

(2) The c e l l s  were washed twice with i s o t o n i c  NaCl s o l u t i o n  by 

a g i t a t i n g  th e  c e l l s  wi th t h e  s o l u t i o n  f o r  t h i r t y  s e co n d s ,  c e n t r i f u g i n g  

and d i s c a r d i n g  th e  s u p e r n a t a n t  and then r e p e a t i n g  the  washing p rocess  and 

c e n t r i f u g i n g .

(3) The washed c e l l s  were lysed w i th  a few drops of  d i e th y l  

e t h e r  and the  hemoglobin was taken  up in  a q u a n t i t y  o f  b u f f e r  e s t im a te d  

t o  y i e l d  a hemoglobin s o l u t i o n  o f  approx im ate ly  4 .2  g /100  ml.

(4) The b u f f e r e d  hemoglobin s o l u t i o n  was c e n t r i f u g e d  f o r  ten 

minutes  to  y i e l d  a c l e a r  s o l u t i o n  f r e e  from c e l l u l a r  d e b r i s .

The b u f f e r s  c o n s i s t e d  o f  m ix tu res  o f  0.1 M c i t r i c  ac id  and 0 .2  

M disodium phospha te  mixed to  give  the d e s i r e d  pH. The pH 7.2 b u f f e r  

c o n ta i n e d  the  two s o l u t i o n s  in  a r a t i o  of  about  6 .7  ml o f  disodium phos

p h a te  t o  1 ml o f  c i t r i c  a c i d .  The pH 7.6 b u f f e r  c o n ta in ed  about 14.7 ml 

o f  disodium phospha te  to 1 ml of  c i t r i c  a c i d .  A Beckman Model 160 Phys

i o l o g i c a l  Gas A na lyzer  equ ipped  w i th  the  a c ce s s o ry  micro blood pH assembly 

was used t o  d e te rm in e  th e  pH of  t h e  b u f f e r s  and a l s o  f o r  a l l  measurements 

o f  blood pH.

The hemoglobin s o l u t i o n s  were e q u i l i b r a t e d  w i th  mix tu res  of 

oxygen and n i t r o g e n  a t  20 °C in s w i r l - t y p e  tonometers  of  the  type  de

s c r i b e d  by Laue (1951)  and by F i n l e y ,  e t  a l .  (1960) .  Mine were c o n s t r u c t e d
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from 50 ml round-bo t tom d i s t i l l a t i o n  f l a s k s .  The necks of  the  f l a s k s  

were c u t  o f f  t o  a l eng th  o f  2 cm. Three a d d i t i o n a l  openings were made 

in the  f l a s k s  by i n s t a l l i n g  two gas p o r t s  made of  2 cm leng th  o f  7 mm 

g l a s s  tu b in g  and a sampling opening made o f  a 2 cm l e n g th  o f  14 mm g la s s  

t u b in g .  These were e q u a l l y  spaced around the  sh o u ld e r  o f  t h e  f l a s k .  

During e q u i l i b r a t i o n  of  t h e  samples ,  gas was c i r c u l a t e d  i n t o  one and out  

the  o t h e r  o f  the  s m a l l e r  t u b e s .  A clamp a t t a c h e d  to the  o r i g i n a l  neck 

o f  the  f l a s k  he ld  t h e  tonometer  to  i t s  r o t a t i n g  mechanism.

The gas m ix tu re s  were fo rc e d  from l a r g e  s to r a g e  carboys by 

w a te r  p r e s s u r e  f i r s t  through a dry ing  tube f i l l e d  wi th  A s c a r i t e  to  r e 

move carbon d io x id e  and then  th rough a bubb le r  c o n ta in in g  d i s t i l l e d  wate r  

to  s a t u r a t e  the  gas with wa te r  vapor .  The gas then passed through the 

tonometer  a t  a r a t e  s u f f i c i e n t  to e f f e c t  a complete  change of the  gas 

c o n te n t  o f  the  tonometer  in  one minute .

As d e s c r i b e d  by Laue (1951) the  s w i r l i n g  motion o f  t h e  tono 

meter  keeps a t h i n  f i l m  of  the hemoglobin s o l u t i o n  a long  th e  w a l l s  of 

the  v e s s e l ,  i n s u r i n g  e f f i c i e n t  e q u i l i b r a t i o n .  The tonometer  was open to 

room a i r  on ly  long enough to  f i l l  a 100 ,\ p i p e t t e  i n s e r t e d  through the 

sampling p o r t .  The s o l u t i o n s  were e q u i l i b r a t e d  a t  l e a s t  15 minutes  

between sampl ings .

The oxygen c o n te n t  o f  the  hemoglobin s o l u t i o n s  was analyzed 

wi th  the  micromanometric  Van Slyke blood gas a n a l y s i s  system de s c r ib e d  

by Van Slyke and P l a z in  (1961) .  Of the t h r e e  chemical systems de s c r ib e d  

by them, e x p e r im e n ta t i o n  i n d i c a t e d  t h a t  the  one which u t i l i z e d  f e r r i -  

cyanide s o l u t i o n  a c i d i f i e d  wi th  l a c t i c  a c id  was the most ope ra b le  s ince  

t h e r e  was l e s s  c o a g u l a t i o n  of the  hemoglobin s o l u t i o n s  with i t  than with
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e i t h e r  n e u t r a l  o r  b a s i c  f e r r i c y a n i d e  s o l u t i o n s .  Even wi th  t h i s  b e s t  

sys tem some c o a g u la t i o n  u s u a l l y  oc c u r r e d  in  t h e  e x t r a c t i o n  chamber,  t e n d 

ing to  t r a p  and hold gas b u b b le s .  For t h i s  r e a s o n ,  an e x t r a c t i o n  t ime 

o f  4 minutes  w i th  con t inuous  shak ing  was used i n s t e a d  o f  the  pe r io d  of  

50 seconds recommended by Van S lyke  and P l a z i n  (1961) f o r  human blood.  

T r i p l i c a t e  d e t e r m i n a t i o n s  o f  each sample were made whenever  the  sample 

was adequate .  Oxygen c o n te n t  i n  volumes p e r c e n t  was computed f o r  each 

d e t e r m i n a t i o n  by use of  t h e  e q u a t i o n s  and f a c t o r s  given by Van Slyke and 

P l a z i n  (1961) .  D is so lved  oxygen in  t h e  samples  was computed and sub

t r a c t e d .

A f t e r  t h e  oxygen c o n t e n t  of  t h e  hemoglobin s o l u t i o n s  had been 

measured,  the  e q u i l i b r a t i n g  gas m ix tu re  was ana lyz e d .  Samples of  the 

gas were removed from the  s t r e a m  o f  in f lo w in g  gas i n t o  a greased hypo

dermic s y r i n g e  and ana ly zed  w i th  the  a p p a ra tu s  d e s c r i b e d  by Fry (1949) . 

Tab le  3 l i s t s  the  oxygen c o n t e n t  o f  t h e  hemoglobin s o l u t i o n s  measured a t  

v a r ious  p a r t i a l  p r e s s u r e s  of  oxygen and a t  two pH l e v e l s ,  7 .2  and 7 .6 .

In Figure 1 t h e s e  va lu es  a re  graphed  to  show th e  d i s s o c i a t i o n  be hav io r  

a t  the two pH v a lu e s .

Because of  the  g r e a t  d i f f i c u l t y  encoun te red  in  us ing whole blood 

in  the Van Slyke a p p a r a t u s ,  I made only t h r e e  a t t e m p t s  to  measure t o t a l  

oxygen c a p a c i ty  o f  t h e  blood.  All  t h r e e  were made us ing  pooled blood from 

t h r e e  f i s h  e q u i l i b r a t e d  w i th  room a i r  f o r  a t  l e a s t  20 m inu tes .  Table 4 

g ives  the  r e s u l t s  of  t h e s e  e x p e r im e n t s .  Although I was concerned a t  the 

t ime t h a t  some oxygen was p robab ly  be ing  t r a p p e d  by the  viscous coagulum 

formed dur ing a n a l y s i s ,  i t  a ppe a r s  t h a t  t h e s e  va lues  a re  l i k e l y  to  be 

v a l i d .  The expec ted  source  o f  e r r o r ,  t r a p p i n g  o f  r e l e a s e d  gas ,  would 

cause lower than  a c tu a l  va lues  to  r e s u l t .



CHAPTER I I I  

RESULTS AND DISCUSSION

Red Cel 1 Numbers 

F ishes  have been shown to  e x h i b i t  wide v a r i a t i o n s  in  red  blood 

c e l l  numbers,  both among and w i t h i n  s p e c i e s .  W in t r o b e ' s  (1934) d a t a  

showed t h a t  c e r t a i n  f i s h e s  have red  blood c e l l  numbers t h a t  a r e  lower 

than  th o se  of  mammals and b i r d s ,  but  h ig h e r  than  t h o se  of  the  o t h e r  v e r 

t e b r a t e s .  He l i s t e d  coun ts  f o r  16 s p e c i e s  of  bony f i s h e s  r ang ing  from 

0.71 X 10^ in t h e  wrymouth, Cryp tacan th odes  m a c u l a t u s , t o  4 .2  x 10^ 

cells /mm^ in  t h e  A t l a n t i c  m a c k e re l ,  Scomber scombrus ; the  mean coun t  f o r  

a l l  16 s p e c i e s  was 1.95 x 10^ ce l ls /mm^.  I n d i v i d u a l s ,  t o o ,  a r e  known to 

have wide ranges a t  d i f f e r e n t  t im es .  Hall (1928) found an i n c r e a s e  in 

the  red blood c e l l  numbers of  t h e  A t l a n t i c  menhaden and th e  n o r th e r n  

p u f f e r ,  Sphaero ides  m a c u l a t u s , dur ing  a s p h y x i a t i o n .  S c h a e fe r  (1925) 

s t u d i e d  a s t a r v i n g  l a b o r a t o r y  p o p u l a t i o n  o f  pumpkinseed,  Lepomis g ib b o s u s , 

and noted an 85% d e c re a s e  in e r y t h r o c y t e  numbers a f t e r  97 days o f  s t a r 

v a t i o n .  A f t e r  71 days of  a d d i t i o n a l  s t a r v a t i o n  the  numbers were ne a r ly  

up to t h e i r  i n i t i a l  v a l u e s .  He b e l i e v e d  such a r e d u c t i o n  and recovery 

might  occur  in h i b e r n a t i n g  f i s h e s  in n a t u r e .  Higgenbotham and Meyer 

(1948) a s s o c i a t e d  low red c e l l  numbers with poor  p h y s ic a l  c o n d i t i o n  in 

t h e  s o u th e r n  channel  c a t f i s h .  P h i l l i p s  (1947) found t h a t  the  red  c e l l  

numbers in  the brook t r o u t  i n c r e a s e d  r a p i d l y  when th e  f i s h  was s u b je c t e d

13
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to  low oxygen c o n c e n t r a t i o n s .  Red c e l l  coun ts  f o r  a v a r i e t y  o f  f i s h e s  

a re  given by F i e l d ,  e t  a l .  (1943) ;  Katz and Donaldson (1950); Katz (1951);  

Haws and Goodnight  (1962);  and Cairns  and S c h e i e r  (1964) .

Among th e  s p o t t e d  g a r  t h a t  I sampled ,  t h e r e  were l a rge  d i f f e r 

ences bo th  among and w i t h in  i n d i v i d u a l s .  In a group o f  39 f i s h  t h a t  were 

sampled a t  approx im ate ly  30-day i n t e r v a l s  from 7 to  11 months, the lowes t  

i n d i v i d u a l  mean red  c e l l  count  was 2.44  x 10^ c e l l s /m n P .  Within i n d i v i d 

u a l s ,  one had a high count  of  4 .58 x 10^ cells /mm^ and a low o f  2.31 x 

10^ cel ls/mm^ w i t h in  a 7-month p e r io d .  This  v a r i a t i o n ,  2.27 x 10®, i s  

s i g n i f i c a n t l y  g r e a t e r  than  the  d i f f e r e n c e  between th e  low and high i n d i 

vidual  means, which was 1.16 x 10®. Table  5 l i s t s  red c e l l  numbers and 

o t h e r  pa ramete rs  f o r  i n d i v i d u a l  g a r  ove r  the  pe r iod  o f  s tudy.  Table 6 

i s  a summary of t h e s e  r e s u l t s .  I was no t  a b le  to  d i s c o v e r  any cause of  

these  v a r i a t i o n s .  The mean q u a n t i t y  t h a t  I found f o r  the sp o t t e d  g a r ,  

S .O Sx  10® cells /mm^ i s  g r e a t e r  than  t h a t  o f  most bony f i s h e s  t h a t  have 

been s t u d i e d .

Hemoglobin C on c e n t ra t i o n

Wintrobe (1934) l i s t e d  hemoglobin amounts f o r  16 spe c ie s  o f  

bony f i s h e s  wi th  a range from 2.1 g/100 ml in  the  y e l l o w t a i l  f l o u n d e r ,  

Limanda f e r r u g i n e a , to  15.2 g/100 ml in  the  A t l a n t i c  mackerel .  Gel ineo 

and Gel ineo  (1955) gave 10.4 g/100 ml as t h e  average  hemoglobin va lue  in 

s e v e r a l  f r e s h w a t e r  s p e c i e s  t h a t  they  s t u d i e d .  As d id  Wintrobe (1934) ,  

they  p o in te d  ou t  t h a t  the  hemoglobin amounts o f  bony f i s h e s  a re  t y p i c a l l y  

h ig h e r  than th o s e  of  o t h e r  p o i k i lo th e r m s  b u t  lower than  those of the  

homeotherms. F i e l d ,  e t  a l .  (1934) compared hemoglobin c o n c e n t r a t io n s  in 

carp  and brook t r o u t ;  the  ca rp  averaged  10.5  g/100 ml and t r o u t  8 .5  g/100
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ml hemoglobin.  Kisch (1949) found t h a t  the  hemoglobin of  t e n  s p e c i e s  of  

marine t e l e o s t s  averaged 8 .7  g/100 ml.

Korzhuev (1963) sugg e s t e d  t h a t  high va lu es  o f  hemoglobin which 

he found in  t h r e e  s p e c i e s  of  s tu r g e o n  might  be e c o lo g i c a l  a d a p t a t i o n s  f o r  

m a in t a i n in g  h igh  blood  oxygen t e n s i o n s  du r ing  t h e i r  b reed ing  season .  His 

specimens averaged  12 g/100 ml hemoglobin and i n d i v i d u a l s  reached  15 g/100 

ml. Haws and Goodnight (1962) found l i t t l e  d i f f e r e n c e  in t h e  hemoglobin 

c o n t e n t  o f  t h e  b lood  of  t h e  channel  c a t f i s h  and t h e  brown b u l l h e a d ,  which 

have q u i t e  d i f f e r e n t  e c o lo g i c a l  r eq u i r em e n ts .  Black (1955) found t h a t  

hemoglobin i n  t h e  blood o f  t h e  largemouth b a s s ,  M ic rop te rus  s a l m o i d e s , 

i n c r e a s e d  from 8.1 ± 0.43 g/100 ml t o  9 .9  - 0 .42 g/100 ml a f t e r  15 min

u t e s  e x e r c i s e .

These c i t e d  r e s u l t s  p o i n t  up th e  g r e a t  v a r i a b i l i t y  found in  

s t u d i e s  o f  t h e  hemoglobin c o n t e n t  o f  the blood o f  a number o f  d i f f e r e n t  

f i s h e s .  The group o f  39 s p o t t e d  ga r  t h a t  I s t u d i e d  had an average  hemo

g l o b in  c o n c e n t r a t i o n  of  9 . 9  g/100  ml which would appear  t o  be very  near

th e  average  f o r  t h e  f r e s h w a t e r  f i s h e s  t h a t  have been i n v e s t i g a t e d .  As 

wi th  red  blood c e l l  c o u n t s ,  t h e r e  were g r e a t e r  d i f f e r e n c e s  w i t h i n  i n d i 

v idua l  f i s h  over  a pe r io d  of  s e v e r a l  months than between t h e  means o f  i n 

d i v i d u a l s .  The low es t  hemoglobin value  recorded  dur ing  th e  pe r io d  o f

monthly samplings  was 5 .6  g/100 ml (Table 5 ,  f i s h  #52);  t h i s  f i s h  a l s o  

had t h e  low es t  i n d i v i d u a l  average  over a 10-month p e r i o d - - / . 9 g/100 ml.

The h i g h e s t  va lu e  r e c o r d e d ,  18.9 g/100 ml was r ec o rde d  f o r  the i n d iv i d u a l  

t h a t  showed th e  g r e a t e s t  v a r i a t i o n - - f r o m  9 .9  g/100  ml to  18.9 g/100 m l- -  

w i t h i n  two months (Table 5 ,  f i s h  #15) .  The h i g h e s t  i n d iv i d u a l  average  

was 13.2 g/100 ml (Table  5 ,  f i s h  #43) ,
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One i n d i v i d u a l ,  n o t  i nc luded  in  t h e  group mentioned above be

cause o f  an a p p a re n t  d i s e a s e d  c o n d i t i o n ,  had hemoglobin amounts rang ing  

from 5 .3  g/100 ml t o  18.9 g/100 ml dur ing  an 8-month p e r io d .  The blood 

plasma was co lo re d  o range  o r  r e d ,  a p p a r e n t l y  due t o  hemolysis .  The m ic ro 

h e m a to c r i t  c a p i l l a r y  tu b e  showed s e v e r a l  volumes p e r c e n t  of d e b r i s ,  which 

I assumed to  be c e l l  f r a g m e n t s ,  r e s t i n g  ove r  t h e  packed red c e l l s .  At 

the t ime of  t h e  h i g h e s t  hemoglobin v a l u e s ,  h e m a t o c r i t  and red c e l l  counts  

were a l s o  abnormally h igh .  The blood was so v i sc ous  t h a t  i t  would not  

r e a d i l y  f low i n t o  t h e  m ic r o h e m a to c r i t  c a p i l l a r y .

Hematocri t

The d a ta  o f  MacCay (1930) ,  Wintrobe (1934) ,  F i e l d ,  e t  a l .

(1943) ,  and Haws and Goodnight  (1962) i n d i c a t e  t h a t  when two or  more 

s p e c i e s  o f  f i s h e s  a r e  compared,  va lu es  o f  t h e  h e m a t o c r i t  a re  c o r r e l a t e d  

p o s i t i v e l y  w i th  t h o se  o f  t h e  red c e l l  c o u n t ,  as might  be expec ted .  

W in t robe 's  (1934) low v a lu e  o f  8.4% and high va lu e  of  59.0% were g iven  

f o r  the  y e l l o w t a i l  f l o u n d e r  and th e  A t l a n t i c  m acke re l ,  r e s p e c t i v e l y .

These a r e  t h e  e x t r e m e s ,  so f a r  as t h e  l i t e r a t u r e  i s  concerned ,  f o r  r e 

corded h e m a to c r i t s  among f i s h e s .  Normandeau (1962) r e p o r t e d  mean va lues  

up to  47.8% f o r  the  brook t r o u t  and up t o  44.9% f o r  the  rainbow t r o u t .  

Schiffman and Fromm (1959) r e p o r t e d  an ave rage  of  31.8% f o r  the  rainbow 

t r o u t .

Young (1949) found t h a t  in  the  o p a l e y e ,  Gir e l i a  n i g r i c a n s , v a r i 

a t i o n  in  t h e  h e m a t o c r i t  o f  i n d i v i d u a l s  a t  d i f f e r e n t  t imes  was as g r e a t  

as d i f f e r e n c e s  between i n d i v i d u a l s .  This was t r u e  in only 7 o f  t h e  39 

f i s h  i n  my s tu d y .  The l o w e s t  i n d i v i d u a l  ave rage  h e m a t o c r i t  was 26.1% 

(Table 5,  f i s h  #37) and t h e  h i g h e s t  average  was 41.1% (Table  5 , f i s h  #43)
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The mean o f  a l l  i n d i v i d u a l  means was 32 .0 ± 0.41% (Table  6 ) .  This  va lue  

i s  c o n s i d e r a b l y  lower than the  va lues  found by Normandeau (1962) f o r  s e v 

e r a l  s a lm o n id s ,  a p p ro x im a te ly  equal  to  t h e  va lues  found by F i e l d ,  e t  a l .  

(1943) and by MacCay (1930) f o r  t h e  c a r p ,  and s l i g h t l y  h i g h e r  than  most 

o f  t h e  va lues  given by Wintrobe (1934) f o r  16 s p e c i e s  o f  bony f i s h e s .

Blood Volume

Of the  s e v e r a l  v e r t e b r a t e  c l a s s e s ,  t h e  bony f i s h e s  a p p e a r  to  

have th e  lo w e s t  b lood  volumes ( P r o s s e r  and Brown, 1961, p 389) .  This 

pa ra m e te r  i s  c o n v e n t i o n a l l y  expressed  in  m i l l i l i t e r s  o f  blood p e r  100 

grams o f  body w e i g h t ,  o r  vo lum e-percen t  and h e r e i n  w i l l  be exp re s s e d  as 

p e r c e n t  (%). The few s t u d i e s  t h a t  have been made on bony f i s h e s  i n d i c a t e  

v a lu e s  rang ing  from 1.5% to  3.0%. Der r i ckson  and Amberson (1934) o b t a in e d  

a va lu e  o f  1.5% f o r  the  t a u t o g ,  Tautoga o n i t i s , by washing o u t  t h e  blood 

w i th  oxygena ted  Ringe rs  s o l u t i o n .  Lennon (1954) bled  a n e s t h e t i z e d  whi te  

s u c k e r s  by caudal  s e v e r a n c e  and e s t i m a t e d  the  b lood  volume to be 1.4%

This  method, ac co rd in g  t o  P r o s s e r  and Brown (1961,  p 388) c h a r a c t e r i s t i c 

a l l y  y i e l d s  low v a lu e s  when compared t o  o t h e r  methods o f  e s t i m a t i n g  blood 

volumes.  The r e s u l t s  o f  P r o s s e r  and Weins te in  (1950) ,  Mart in  (1950) ,  

Schi ffman and Fromm (1959 ) ,  and Thorson (1961) a r e  summarized by Conte ,  

e t  a l ,  (1963) .  These i n v e s t i g a t o r s  found volumes rang ing  from 1.8% to  

3.8% i n  a v a r i e t y  o f  f r e s h w a t e r  and s a l t w a t e r  bony f i s h e s .  The average  

v a lue  was 2.9%. All bu t  Conte ,  e t  a l .  (1963) used d i l u t i o n  o f  some dye ,  

u s u a l l y  Evans b l u e ,  a l s o  d e s i g n a t e d  as T-1824,  as a measure o f  t h e  plasma 

volume and then  c a l c u l a t e d  t o t a l  blood volume from the  h e m a t o c r i t  v a lu e .  

Conte ,  e t  a l .  (1963) employed Evans b l u e ,  r a d i o i o d i n a t e d  human serum a l 

bumin (1^31)  and sodium rad iochrom ate  ( C r ^ l ) .  These s u b s t a n c e s  were used
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s e p a r a t e l y  and in combina t ion.  Using Evans b l u e ,  they  e s t i m a t e d  the  blood 

volume o f  s t e e l h e a d  t r o u t  to  be 3 .3  - 0.7%. Using r a d i o i o d i n a t e d  serum 

albumin to  e s t i m a t e  plasma v a l u e ,  they  o b t a i n e d  the  va lue  2 .5  -  0.7%. 

Simultaneous use o f  serum albumin and rad io c h ro m a te - t a g g e d  red  blood 

c e l l s  gave the  va lu e  2 .8  - 1 . 0%.

In my s t u d y ,  the  plasma volumes o f  17 g a r  were e s t i m a t e d  by the 

use o f  r a d i o i o d i n a t e d  human serum albumin.  The blood volumes were c a l 

c u l a t e d  from t h e s e  e s t i m a t e s  and th e  h e m a t o c r i t  v a lu e s .  In 9 o f  t h e  17 

f i s h ,  r ad io c h ro m a te - t a g g e d  red c e l l s  were a l s o  i n j e c t e d  f o r  e s t i m a t i o n

of  t o t a l  r ed  c e l l  volumes.  In one f i s h ,  red  c e l l  volume only was e s t i -  

51
mated by use o f  Or , Table  2 l i s t s  t h e  r e s u l t s  o f  t h e s e  e x p e r im e n t s .

131Mean plasma volume f o r  the  17 g a r ,  based upon the  e s t i m a t e  w i th  I was 

1.36 -  0 .46  ml/lOOg body w e igh t .  Mean whole blood volume f o r  t h i s  group ,  

based on t o t a l  plasma volume and h e m a t o c r i t  was 2.22  - 0 .36 ml/lOOg body 

w e igh t .  Mean red c e l l  volume f o r  t h e  group o f  10 ga r  was 0.71 + 0.39 

ml/lOOg body w e igh t  when red c e l l  volume was e s t i m a t e d  by use o f  CrS l .

When both e s t i m a t e d  plasma and e s t i m a t e d  red c e l l s  were c o n s i d e r e d ,  mean 

whole blood  volume f o r  the  9 g a r  was 1.83 -  0 .55 ml/lOOg of  body w e ig h t .  

These r e s u l t s  i n d i c a t e  t h a t  blood  volume of  t h e  s p o t t e d  ga r  l i e s  w i t h i n  

t h e  range o f  p rev ious  measurements  o f  blood volumes in  bony f i s h e s ,  p e r 

haps somewhat l e s s  than  the  a ve rage  o f  a l l  s p e c i e s  t h a t  have been i n 

v e s t i g a t e d .

Blood pH

When blood was taken  from th e  gar  f o r  the  oxygen d i s s o c i a t i o n  

s t u d i e s ,  t o  be d i s c u s s e d  l a t e r ,  t h e  pH was measured wi th  the  equipment  

ment ioned p r e v i o u s l y .  A t o t a l  o f  40 such d e t e r m i n a t i o n s  was made.
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Measured va lues  o f  blood pH ranged  from 7.08 t o  7 .73 (Table 7).

There a r e  few r e p o r t s  i n  the  l i t e r a t u r e  o f  pH measurements made 

on f i s h  blood.  Powers, e t  a l .  (1939) r eco rded  va lues  f o r  the  carp r a n g 

ing from 6.90 to  7 .56 ;  f o r  the  rock b a s s ,  Amblopl i te s  r u p e s t r i s , 6 .70 to  

7 . 4 7 ;  and f o r  the  smallmouth b a s s ,  Mic rop te rus  d o lom ieu i , 6 .4 4  to  7 .5 5 .  

Wil lmer  (1934) r e p o r t e d  pH va lues  from 6 .2  t o  6 . 8  f o r  oxygenated blood 

o f  s e v e r a l  f r e s h w a t e r  f i s h e s  o f  B r i t i s h  Guiana, which inc luded  t h re e  

a i r - b r e a t h e r s ,  t h e  h a s s a ,  the ya r row,  and th e  e l e c t r i c  e e l .  His method 

o f  e s t i m a t i n g  pH, using a d i a l y s a t e  of  the  b lood ,  seems r a t h e r  crude .  

F i e l d ,  e t  a l .  (1934) r e p o r t e d  va lues  of  7.65 t o  7.69 in  t h e  c a rp ,  and 

7 .2 8  to  7 .37 in  t h e  brook t r o u t .  Haws and Goodnight  (1962) found t h a t  

t h e  pH o f  t h e  blood o f  t h e  brown bu l lh e a d  ranged from 7.54 to  7.91 and 

t h a t  o f  the  channel  c a t f i s h  from 7.49 t o  7 .65 .  Since t h es e  l a s t  two 

mentioned groups of  workers  kep t  t h e i r  f i s h e s  under  c o n d i t i o n s  s i m i l a r  

t o  mine,  and s i n c e  t h e i r  d e t e r m i n a t i o n s  were made on f r e s h l y  drawn venous 

b lo o d ,  as mine were ,  t h e i r  va lu es  shou ld  be more n e a r ly  comparable with 

mi n e .

Oxygen D i s s o c i a t i o n

The oxygen d i s s o c i a t i o n  curve  of  t h e  gar  hemoglobin s o l u t i o n s  

made a t  pH 7.6 i n d i c a t e s  a modera te ly  high  a f f i n i t y  f o r  oxygen (F ig.  1 ) .  

The oxygen p r e s s u r e  f o r  h a l f - s a t u r a t i o n ,  P^q , which i s  o f t e n  taken to  

c h a r a c t e r i z e  t h e  e n t i r e  oxygen d i s s o c i a t i o n  curve (Black,  1940) i s  9 mm

Hg. This  v a l u e ,  9 mm Hg, is  e s s e n t i a l l y  t h e  same as Willmer recorded

f o r  the  ha imara ,  the  h a s s a ,  and the  e l e c t r i c  e e l ,  a l l  a i r - b r e a t h e r s .

These va lues  a r e  lower than  10 o f  t h e  15 P^g va lues  l i s t e d  by P r o s s e r  and

Brown (1961, p 210) f o r  va r ious  marine and f r e s h w a t e r  t e l e o s t s ,  deno t ing
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a h ig h e r  oxygen a f f i n i t y  in  t h e s e  a i r - b r e a t h e r s .  G. R. Fi sh  (1956) gave 

d a ta  on oxygen d i s s o c i a t i o n  f o r  t h r e e  o t h e r  f r e s h w a t e r  f i s h e s  having 

lower PgQ v a lu e s  than  I found f o r  t h e  s p o t t e d  ga r .  These were T i l a p i a  

e s c u l e n t a , Mormyrus kannume, and Bagrus docmac. The l a t t e r  i s  an a i r -  

b r e a t h e r .  Black (1940) found t h e  P50 va lue o f  bowfin blood to  be 5 nun Hg.

Krogh and L e i tch  (1919 ) ,  Black (1940) ,  Wil lmer (1934 ) ,  and G. R. 

Fish (1956) showed t h a t  among f i s h e s  t h e r e  i s  g r e a t  v a r i e t y  as to  the 

e f f e c t  o f  a c i d i f i c a t i o n  on th e  a f f i n i t y  o f  t h e  blood f o r  oxygen.  This 

"Bohr e f f e c t "  has been seen t o  some degree i n  n e a r l y  every s p e c i e s  of  

f i s h  i n v e s t i g a t e d ,  bu t  the  v a r i a t i o n s  are  f a r  g r e a t e r  than t h o se  found in  

the  d i f f e r e n t  s p e c i e s  o f  mammals. Krogh and L e i tch  (1919) c o n s id e r e d  the 

l a r g e  Bohr e f f e c t  in f r e s h w a t e r  f i s h e s  to be an a d a p t a t i o n  to  low e n v i r o n 

mental  t e m p e r a t u r e s ,  a l lowing  h i g h e r  un load ing t e n s i o n s  of  oxygen in the 

t i s s u e s .  Root (1931) found t h a t  t h e  blood o f  the  A t l a n t i c  m ac k e re l ,  the  

sea r o b i n ,  P r io n o tu s  c a r o l i n u s , and the  t o a d f i s h ,  Qpsanus t a u , a l l  d i s 

played l a r g e  Bohr e f f e c t s .  Black (1940) dem ons t ra ted  the  same t h in g  fo r  

the whi te  s u c k e r .  He found t h a t  t h e  bowfin and the  brown b u l lh e a d  have 

blood t h a t  i s  much l e s s  a f f e c t e d  by i n c r e a s e d  a c i d i t y  than i s  t h a t  o f  the 

suc ke r .  Burke (1965) found a l a r g e r  Bohr e f f e c t  in  the  smallmouth b a s s ,  

than  in  t h e  largemouth b a s s .

Examinat ion o f  the  f i n d i n g s  of  t h e  i n v e s t i g a t o r s  j u s t  mentioned 

i n d i c a t e s  t h a t  high a f f i n i t y  f o r  oxygen i s  a lmos t  un i fo rmly  a s s o c i a t e d  

wi th a small  Bohr e f f e c t  in  t h e  blood of  f i s h e s .  Black (1940) sugges ted  

t h a t  the  p r i n c i p a l  advantage o f  t h e  high oxygen a f f i n i t y  may l i e  in  the  

a b i l i t y  o f  t h e  f i s h  t o  e x t r a c t  oxygen from w a te r  a t  high environm enta l  

t e m p e r a t u r e s .  This i s  borne o u t  by the  f i n d i n g s  o f  I r v i n g ,  e t  a l .  (1940)
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t h a t  i n c r e a s i n g  t em p e ra tu re  b rough t  about  a c o r r e s p o n d in g  i n c r e a s e  in  the  

PgQ of  t h e  bloods of  t h r e e  s p e c i e s  o f  t r o u t ,  Salmo g a i r d n e r i , S. t r u t t a , 

and S a l v e l i n u s  f o n t i n a l i s .

I found t h a t  t h e  e f f e c t  o f  lowering the  pH from 7 .6  t o  7 .2  had 

a moderate  e f f e c t  upon t h e  oxygen a f f i n i t y  of  the hemoglobin o f  t h e  s p o t 

t e d  g a r ,  compared to  the  r e s u l t s  o f  o t h e r  such s t u d i e s  ( F ig u r e  1) ,  L i t t l e  

o f  the  work r e p o r t e d  in  t h e  l i t e r a t u r e  was done a t  c o n s t a n t  pH; r a t h e r ,  

d i s s o c i a t i o n  curves  a t  c o n s t a n t  CO2 t e n s i o n s  a r e  u s u a l l y  g iv e n .  However, 

t h e  d a t a  o f  Root (1931) s u g g e s t  t h a t  my r e s u l t s  a t  pH 7 .6  may l e g i t i m a t e l y  

be compared wi th t hose  o f  o t h e r  workers  a t  0-2 mm o f  CO2 and t h a t  pH 7 .2  

would co r r e sp o n d  to  more than  10 mm CO^. Such a comparison i n d i c a t e s  t h a t  

t h e  blood o f  the  s p o t t e d  g a r  behaves s i m i l a r l y  t o  t h a t  o f  t h e  h as sa  and 

o f  t h e  e l e c t r i c  ee l  s t u d i e d  by Wil lmer (1934) and a l s o  t o  t h a t  o f  Cl a r i a s  

mossambicus and of  P r o t o p t e r u s  a e t h i o p i c u s  s t u d i e d  by G. R. Fish (1956) .

I t  a ppears  to  be only  s l i g h t l y  l e s s  s e n s i t i v e  to a c i d  than  t h a t  o f  the  

bowfin,  i n v e s t i g a t e d  by Black (1940).  Two o t h e r  f r e s h w a t e r  f i s h e s ,  the  

brown b u l l h e a d  and th e  c a r p ,  which seem t o  have h a b i t a t  p r e f e r e n c e s  very 

nea r  t h o s e  o f  the  s p o t t e d  g a r  were shown by Black (1940)  t o  have oxygen 

a f f i n i t i e s  as high as or  h i g h e r  than  t h a t  of  the  s p o t t e d  g a r  and to  d i s 

p lay  a Bohr e f f e c t  o f  abou t  t h e  same magnitude as t h a t  of  t h e  s p o t t e d  ga r .

A comparison o f  t h e  two d i s s o c i a t i o n  c u rve s  r e v e a l s  an a d d i 

t i o n a l  e f f e c t  t h a t  has been noted  b e fo r e  in  f i s h  b lo o d s ;  namely,  the  r e 

d u c t i o n  in  t o t a l  oxygen c a p a c i t y  o f  t h e  hemoglobin a t  lowered  pH v a lu e s .  

Root (1931)  noted  l o s s  o f  oxygen c a p a c i ty  in mackerel  b lood  wi th i n c r e a s 

ing hydrogen ion c o n c e n t r a t i o n ;  I r v i n g ,  e t  a l .  (1940)  found t h a t  t r o u t  

hemoglobin i s  u n s a t u r a t e d  a t  oxygen p r e s s u r e s  of  150 mm Hg in t h e  p resence
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o f  CO.; S c ho lande r  (1957) showed t h a t  f o r  t h e  blood of  t h e  s i l v e r  hake, 

Merluccius  b i l i n e a r i s , a t  pH 7 . 0 ,  s a t u r a t i o n  was achieved only wi th  oxy

gen p r e s s u r e s  o v e r  40 atmospheres .

Oxygen Capac i ty  o f  Whole Blood 

Examinat ion  o f  the  l i t e r a t u r e  r e v e a l e d  t h a t  h i g h e r  oxygen capa

c i t i e s  than  t h o s e  r e p o r t e d  here  f o r  t h e  s p o t t e d  gar  (Table  4) a r e  known 

f o r  only t h r e e  s p e c i e s  o f  f i s h e s .  Root (1931) r e p o r t e d  t h e  A t l a n t i c  

mackerel  t o  have a blood oxygen c a p a c i t y  o f  15.77 vo l .  % and Willmer 

(1934) r e p o r t e d  18.14 v o l .  % and 19.75 v o l .  % r e s p e c t i v e l y  f o r  t h e  hassa 

and the e l e c t r i c  e e l ,  both of  which a r e  a i r - b r e a t h e r s .  Most o t h e r  r e 

p o r t e d  c a p a c i t i e s  a re  much lower,  e s p e c i a l l y  t hose  of  marine f i s h e s .  Five 

marine s p e c i e s  r e p o r t e d  by Root (1931) ,  t h e  g o o s e f i s h ,  Lophius am e r ic a n u s , 

the t o a d f i s h ,  t h e  n o r th e rn  p u f f e r ,  t h e  n o r t h e r n  sea  r o b i n ,  and th e  scup ,  

Stenotomus c h r y s o p s , a l l  had oxygen c a p a c i t i e s  of  l e s s  than  8 v o l .  %. 

Roo t 's  c o n c lu s i o n  t h a t  a c t i v e  f i s h e s  have g r e a t e r  oxygen c a p a c i ty  than 

more s l u g g i s h  f i s h e s  has no t  been borne o u t  by subsequen t  i n v e s t i g a t o r s .

My own o b s e r v a t i o n s  s u g g e s t  t h a t  the  s p o t t e d  g a r  i s  q u i t e  s lu g g i s h  under  

most c i r c u m s ta n c e s  and t h a t  i t  has a high blood oxygen c a p a c i ty .



CHAPTER IV 

SUMMARY

The f o re g o in g  i n v e s t i g a t i o n s  o f  v a r i o u s  r e s p i r a t o r y  f u n c t i o n s  

o f  t h e  blood of  t h e  s p o t t e d  ga r  have re v e a le d  t h a t  t h i s  f i s h  i s  not  

unique in  any o f  the  pa ram ete rs  t h a t  have been s t u d i e d .  I t  appears  to  

be somewhat o u t s t a n d in g  in  having a d e f i n i t e l y  h i g h e r  red  blood c e l l  

count  and h ig h e r  blood oxygen c a p a c i ty  than most  o t h e r  bony f i s h e s  t h a t  

have been s t u d i e d .  Like most o t h e r  f r e s h w a t e r  s p e c i e s  of  f i s h e s  t h a t  

may be found in  warm, s ha l low  wa te rs  in a t  l e a s t  p a r t  o f  t h e i r  range ,  

the  s p o t t e d  ga r  has hemoglobin with a high a f f i n i t y  f o r  oxygen which i s  

no t  markedly lowered by a c i d i f i c a t i o n .  Since bo th  oxygen a f f i n i t y  and 

oxygen c a p a c i ty  may be expec ted  to  dimin ish  as env ironm enta l  t em pera tu re  

i n c r e a s e s ,  t h e s e  c h a r a c t e r i s t i c s  may be a d a p t a t i o n s  t h a t  a l low  the  f i s h  

t o  w i t h s t a n d  the  i n c r e a s e d  tem pera tu re s  w i thou t  an i n j u r i o u s  lo ss  in 

blood oxygen c a p a c i t y .

I t  appear s  f rom t h i s  s tudy and o t h e r  s t u d i e s  t h a t  t h e  va r ious  

r e s p i r a t o r y  f u n c t i o n s  o f  the  blood o f  f i s h e s  a r e  much more c l o s e l y  r e l a t e d  

t o  t h e  h a b i t a t s  o f  t h e  f i s h e s  than to  t h e  s o u rc e  o f  t h e i r  oxygen. Since 

most a i r - b r e a t h i n g  f i s h e s  i n h a b i t  warm, sha l low waters  where oxygen t e n 

s ions  a re  low and carbon d iox ide  t e n s i o n s  a re  o f t e n  high ,  t h e i r  blood is  

s i m i l a r  t o  t h a t  o f  f i s h e s  r e s t r i c t e d  to  a q u a t i c  r e s p i r a t i o n  in  the  same 

types  of  h a b i t a t s .
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F i g u r e  1. Oxygen d i s s o c i a t i o n  c u r v e s  o f  s o l u t i o n s  
o f  hemoglobin  o f  t h e  s p o t t e d  g a r .



TABLE 1

R ad ia t i o n  Counts o f  I n j e c t e d  M a t e r i a l s ,  P lasma,  and C e l l  Samples

Run
no.

R a d ia t i o n  co un t s  o f  
i n j e c t e d  i s o t o p e s  

cOu nts /minute

l l 3 1  cr51

Sampl ing t i m e ,  
minute s  a f t e r  

i n j e c t i o n

R a d i a t io n  c oun t s  o f  pi asma and c e l l  samples

I cou nt s  
in  plasma  

count s /mi n /m l

C a l c u l a t e d  
z e r o - t i m e  
r a d i a t i o n  

count s /mi n /m l

.. C a l c u l a t e d  
Cr co un t s  in  z e r o - t i m e  

c e l l s  r a d i a t i o n  
cou nt s /m in /m l  c oun t s /m in /m l

1 202 ,40 0 10 9 , 5 0 0

20 9 , 2 1 0

30 8 ,1 8 0

40 7 , 9 8 0 10 , 175

2 68 3 , 0 0 0 10 1 27 , 00 0

15 14 0 ,0 0 0

21 1 14 , 00 0

27 1 29 , 00 0

32 1 32 , 00 0 15 1 , 0 00

O Jrv3

6 70 ,0 0 0 53 , 7 0 0 10

16

22

28

34

8 7 , 8 0 0

7 5 . 0 00

6 9 .0 0 0  

55 , 6 3 0  

54 , 1 4 0

4 2 ,1 7 0

4 2 ,2 0 0

34 , 9 0 0

32 , 4 0 0 4 9 , 5 1 0

1 00 ,2 3 8



TABLE 1 — (Continued)

Run
no.

R a d ia t i o n  c oun t s  o f  
i n j e c t e d  i s o t o p e s  

c o u n t s /m i n u te

l131  crST

Sampling t i m e ,  
minutes  a f t e r  

i n j e c t i o n

R ad ia t i o n  coun t s  o f  plasma and c e l l  samples

1 count s  
in  plasma  

coun t s /mi n /m l

C a l c u l a t e d  
z e r o - t i m e  
r a d i a t i o n  

cou nt s /mi n /ml

C a l c u l a t e d  
Cr^‘ coun t s  in  z e r o - t i m e  

c e l l s  r a d i a t i o n  
coun t s /mi n /m l  co u n t s /m in /m l

4 74 1 ,6 0 0 1 4 , 8 00 10 7 8 , 1 20 7 ,6 00

15 77 ,76 0 6 , 2 4 0

21 6 6 , 2 40 6 , 7 0 0

26 7 0 , 0 00 5 , 9 2 0

31 5 9 , 3 80 8 7 , 9 00 5 , 8 0 0  7 , 95 6

5 6 5 9 ,6 0 0 10 99 ,7 40

22 82 ,4 00

27 76 ,5 20
1

32 72 ,4 60 11 1 , 6 08
1

6 9 8 4 ,7 00 10 86 , 9 0 0

15 87 , 7 0 0

20 9 2 , 5 4 0

25 83 ,6 6 0

30 8 4 , 5 0 0 9 0 ,5 6 6

CO
CO



TABLE 1 —  (Continued)
1

Run
no.

R a d ia t i o n  co u n t s  o f  
i n j e c t e d  i s o t o p e s  

c o u n t s /m i n u te

CrSI

Sampl ing t i m e ,  
minutes  a f t e r  

i n j e c t i o n

R ad ia t i on  count s  o f  plasma and c e l l  sampl e s

coun t s  
in  plasma  

coun t s /mi n /m l

C a l c u l a t e d  
z e r o - t i m e  
r a d i a t i o n  

co un t s /min /ml

Cr^l count s  in  
c e l l s  

cou nt s /mi  n/ml

C a l c u l a t e d  
z e r o - t i m e  
rad i  a t i  on 

c o un t s /m in /m l

7 1 , 3 4 6 , 0 0 0  9 5 , 6 6 0 10 3 2 8 , 30 0

16 3 1 4 ,4 0 0 4 8 ,7 6 0

22 315 ,4 0 0 4 2 ,9 0 0

28 2 9 0 , 5 00 3 47 ,7 40 39 ,9 00 72 ,851

8 163 ,6 00 10 32 ,7 0 0

15 30 ,9 7 0

21 30 ,4 0 0

26 31 ,5 4 0

32 33 ,0 0 0 31 ,2 4 7

9 1 , 3 6 3 , 0 0 0  162 ,700 10 105 ,9 8 0 17 ,1 00

15 105 ,360 16 ,2 80

20 102 ,700 15 , 400

25 102 ,0 50 16 , 560 1 7 , 2 1 0

30 9 0 ,6 2 0 114 ,9 68

CO



TABLE 1--(Continued)

Run
no.

R a d ia t i o n  coun t s  o f  
i n j e c t e d  i s o t o p e s  

co u n t s /m i . iu t e

CrSl

Sampl ing t i m e ,  
minute s  a f t e r  

i n j e c t i o n

R a d ia t i o n  count s  o f  plasma and c e l l  samples

I coun t s  
in  plasma  

cou nt s /mi n /m l

C a l c u l a t e d  
z e r o - t i m e  
rad i  a t i  on 

cou nt s /mi n /ml

Cr co u n t s  in  
c e l l s  

coun t s /mi n /m l

C a l c u l a t e d  
z e r o - t i m e  
rad i  a t i  on 

co un t s /m in /m l

10 7 2 0 ,8 0 0 10 8 4 ,1 7 0

16 74 ,1 4 0

22 73 , 20 0

27 60 ,4 0 0

32 57 ,4 50 9 5 , 8 9 9

11 4 5 0 , 5 0 0  14 5 ,8 00 10 6 3 ,5 2 0 3 9 , 8 6 0

15 6 3 ,6 2 0 3 3 , 0 8 0

20 5 7 , 7 2 0 2 7 , 4 6 0

26 4 9 , 5 0 0 2 5 ,3 0 0

31 50 ,1 0 0 7 2 , 7 7 8 22 ,1 2 0 4 6 , 1 0 5

12 9 0 1 ,0 0 0  2 1 1 , 6 8 0 11 8 0 , 1 6 0 16 , 99 0

16 79 ,8 7 0 1 7 , 2 7 0

21 73 , 8 60 1 6 , 4 4 0

26 70 ,15 0 1 4 , 8 2 0

32 7 0 , 7 4 0 8 6 , 4 6 5 15 ,7 2 0 18 ,2 42

COen



TABLE 1 —  (Continued)

Run
no.

R ad ia t i o n  co un t s  o f  
i n j e c t e d  i s o t o p e s  

c o u n t s /m i n u te

Cr='

Sampl ing t i m e ,  
minute s  a f t e r  

i n j e c t i o n

R ad ia t i o n  coun t s  o f  plasma and c e l l  samples

111
I cou nt s  

in  plasma  
count s /mi  n/ml

C a l c u l a t e d  
z e r o - t i m e  
radi  a t i  on 

coun t s /mi n /m l

g.] C a l c u l a t e d  
Cr cou nt s  in  z e r o - t i m e  

c e l l s  r a d i a t i o n  
coun t s /mi n /m l  coun t s /mi n /m l

13 1 , 3 5 9 , 5 0 0  393 ,48 0 10 120 ,400 - -

15 110 ,090 47 , 9 0 0

2 0 . 5 - 41 , 1 7 0

2 5 .5 107 ,550 3 1 , 8 20

30 10 1 ,1 14 12 5 ,077 2 6 , 7 3 0  70 ,06 5

14 1 , 5 7 9 , 9 0 0 10 5 7 ,4 8 0

15 4 5 , 47 0

22 4 1 , 34 0

27 33 ,1 8 0

32 29 ,92 0 6 6 , 8 69

15 56 0 , 7 0 0 10 6 1 ,3 1 0

15 5 9 , 9 20

20 .5 6 2 ,5 0 0

2 5 .5 60 , 3 2 0 6 0 , 9 7 5

CO(T)



TABLE 1 — (Continued)

Run
no.

R a d ia t i o n  co u nt s  o f  
i n j e c t e d  i s o t o p e s  

c o u n t s /m i n u t e

;131 crSl
Sampl ing t i m e ,  
minute s  a f t e r  

i n j e c t i o n

R a d ia t i o n  cou nt s  o f  plasma and c e l l  samples

I count s  
in  plasma  

cou nt s /mi n /ml

C a l c u l a t e d  
z e r o - t i m e  
r a d i a t i o n  

coun t s /mi n /m l

Cr cou nt s  in  
c e l l s  

coun t s /mi n /m l

C a l c u l a t e d  
z e r o - t i m e  
r a d i a t i o n  

co un t s /m in /m l

16 1 , 8 3 9 , 1 0 0  19 7 ,1 00 10 105 ,7 00 -

15 93 ,7 0 0 17 ,86 0

20 10 0 ,9 00 15 ,0 40

25 10 5 ,5 00 1 4 ,7 30

30 9 0 ,8 0 0 10 6 ,5 02 1 7 ,0 60 1 7 ,3 7 8

17 3 , 6 7 8 , 2 0 0 10 164 ,80 0

15 155 ,20 0

20 . 5 149 ,50 0

25 134 ,20 0

30 149 ,10 0 177 ,629

18 1 , 3 9 9 , 1 0 0  192 ,0 96 10 9 3 , 6 5 0 15 , 920

15 104 ,42 0 18 , 530

20 10 7 ,120 15 , 450

27 10 2 ,2 40 15 , 640

32 9 4 , 8 1 0 100 ,910 14 ,00 0 18 ,36 9

CO 
. ^



TABLE 2

Red B lo o d  C e l l ,  P la sm a  and B lo o d  Volumes o f  t h e  S p o t t e d  Gar

B as e d  on h e m a t o c r i t  Based  on p la sm a  
and  c e l l  vo lum e

Run
no . Sex

L e n g th
cm

W eigh t
g

H e m ato c r i  t
%

P lasm a
volume

ml

P lasm a  
m l /1 0 0  g 
body w t

Red c e l l  
volume 

ml

Red c e l l s  
m l /1 0 0  g 
body w t

T o t a l
b l o o d

ml

Whole 
b l o o d  

m l /1 0 0  g 
body w t

T o t a l
b l o o d

ml

Whole 
b lo o d  

m l /1 0 0  g 
body w t

1 M 6 4 . 4 1022 4 9 . 0 1 9 .9 1 .9 5 - - 3 9 . 0 3 ^ 2 - -

2 M - 468 3 8 . 5 4 . 5 2 0 . 9 7 - - 7 .3 5 1 .5 7 - -

5 M 5 2 . 0 480 3 2 . 0 5 . 6 8 1 .1 8 - - 8 . 3 5 1 .7 4 - -

6 M 5 7 .5 713 5 0 . 0 1 0 .3 1 .4 4 - - 2 0 . 6 2 . 8 9 - -

10 M 5 9 . 1 770 4 6 . 0 7 . 5 1 0 . 9 8 - - 1 3 .9 1 .8 0 - -

14 F 6 3 . 3 1028 2 4 . 0 2 3 . 6 2 .3 0 - - 3 2 .0 3 .0 2 - -

15 M 5 6 . 3 380 3 1 . 5 9 . 2 0 2 . 4 2 - - 1 3 .4 3 . 5 3 - -

17 F 7 6 . 3 1572 2 9 . 3 2 0 . 7 1 .3 2 - - 2 9 . 3 1 .86 - -

3 F 5 5 . 7 608 29 .1 6 . 6 8 1 .1 0 1 . 0 8 0 . 1 8 9 . 4 4 1 .5 5 7 . 7 6 1 .2 8

4 - 6 0 . 0 802 5 1 .6 8 . 4 3 1 .0 5 1 .8 6 0 . 2 3 1 7 .4 2 .1 7 1 0 .3 1 . 2 8

7 M 4 9 . 5 370 28 .  F 3 . 8 4 1 .0 4 1 .3 1 0 . 3 5 5 .3 9 1 .4 6 5 . 1 5 1 .3 9

9 F 6 4 . 6 1162 4 4 . C 1 1 .8 1 .0 2 9 . 4 5 0 . 8 1 ■21.4 1 .8 4 2 1 2 1 .8 3

11 F 5 6 .9 664 4 4 . 5 5 , 1 9 0 . 9 3 3 .1 6 0 . 4 8 1 1 .2 1 .6 9 9 . 3 2 1 .4 1

12 M 6 0 . 9 922 4 8 . 0 1 0 .4 1 .1 3 1 1 . 6 1 .2 6 2 0 . 0 2 .17 2 2 . 0 2 . 3 9

13 M 5 5 . 1 828 4 5 . 8 1 0 .7 1 .2 9 5 .6 1 0 . 6 8 1 9 .7 2 . 3 3 1 6 .3 1 .97

16 M 6 4 . 5 1010 3 9 . 4 1 7 .3 1 .7 1 1 1 .3 1 .1 2 2 8 ^ 2 .8 2 2 8 . 6

18 F 6 2 . 9 1118 3 8 . 8 1 3 .9 1 .24 1 0 .4 0 . 9 3 2 2 . 7 2 . 0 3 2 4 . 3 2 . 1 7

8 H 5 4 . 4 478 4 0 . 0 - - 5 . 2 3 1 .0 9 - - 13 .1 2 . 7 4  *

Means 1 .3 6  ± 0 . 4 5 0 . 7 1  + 0, .39 2 . 2 2  t  0 . .36 1 .8 3  + 0 .5E

* T h i s  v a l u e  n o t  i n c l u d e d  i n c o m p u t in g  mean.

CO
CO
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TABLE 3

Oxygen Content  of  Hemoglobin S o l u t i o n s  E q u i l i b r a t e d  
a t  Various P a r t i a l  P r e s s u r e s  o f  Oxygen

in no. 
pH 7.2

PO2 
mm Hg

Oo c o n te n t  
v o l .  %

Hemoglobin 
g/100 ml

C a l c u l a t e d  
Oo c o n te n t  

w/ 4 .2  g/100 ml 
Hemoglobin

108 24.7 3.91 4 .0 4.10

110 35.7 4.24 4 .2 4 .24

113 52.9 4.45 5 .0 4.16

116 12.4 2.88 4 .0 3.02

120 12.9 3.69 4 .2 3.69

122 57.1 4.97 3 .9 5.35

124 17.4 2.57 3 .9 2.77

126 27.3 5.42 4 .5 5.06

128 66 .0 6.32 4 .5 5.90

130 8 .7 0.67 4 .2 0.67

134 13.7 2.77 4.15 2 .80

138 4 .9 0.37 5 .2 0.30

140 17.3 4.38 4 .6 4 .00

143 82.0 5.90 4 .6 5.39

145 38.9 6.42 4 .4 6 .13

147 51.3 5.54 4.  A 5.29



4 0

TABLE 3 - - ( C c n t i n u e d )

Run no. 
a t  pH 7.6

POp 
mm Hg

Op c o n te n t  
v o l . %

Hemoglobin 
g/100  ml

Cal c u l a t e d  
Op c o n te n t  

w/ 4 .2  g/100 ml 
Hemoglobin

107 2 4 . 7 4 . 8 3 3 .2 6 . 3 3

109 3 5 . 8 4 .50 3 .2 5.91

111 3 8 . 5 5.82 4 .2 5 . 8 2

112 52.9 5.79 4 .2 5.79

115 12.4 5 .58 4 .2 5 .58

118 12.4 6.06 5 .0 5.09

119 12.4 4.79 4 .0 5 .03

121 12.9 5 . 8 8 4 . 6 5 . 3 7

123 57.1 5 .78 4 . 2 5 . 7 8

125 17.4 4 . 7 6 4 . 2 4 .76

127 2 7 . 3 6 . 5 3 4 . 4 6 . 2 3

129 66 .0 6 . 8 3 4 .4 6 . 5 2

131 8 .7 1.63 3 .9 1.76

133 13.7 4.75 4 .0 4 .99

137 4 .88 0.45 4 .9 0 .39

139 17.3 5.63 4 .2 5.63

141 7 7 . 8 8 .7 9 6 .0 6.15

144 8 2 . 0 5.92 4 .4 5.65

146 3 8 . 9 6 .10 4 .6 5.57

148 51 .3 5.50 4 .2 5 .50
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TABLE 4

Oxygen Capac i ty  o f  Whole Blood o f  t h e  S p o t te d  Gar

Oxygen
Run no. p a r t i a l  p r e s s u r e Oxygen Capac i ty

inm Hg v o l . %

76 150+ 16.72
(a tm osphe r ic )

77 150+ 14.99
(a tm osphe r ic )

78 150+ 15.26

Mean 15.66



4 2

TABLE 5

Red Cel l Counts ,  H e m a to c r i t ,  Hemoglobin, 
f o r  I n d iv id u a l  Fi sh

and pH Data

Fish
no.

Date Red C e l l s  
mil l ions/mm^

Hemato
c r i t

%

Hemoglobin 
g/100 ml 

blood
pH

1 12 /18 /62 3.38 37 .9 - -

4 /1 8 /6 3 2.28 27 .6 7.9 -

5 /1 8 /6 3 3.75 35 .5 10.7 -

7 / 4 /6 3 3.12 3 5 .4 11.0 -

8 / 3 / 6 3 2.36 3 2 .0 10.3 -

9 / 6 / 6 3 2 .94 36 .2 11.7 -

1 0 /4 /6 3 2.11 24 .6 8.5 -

11 /1 /63 3.41 35 .8 10.3 -

11 /25 /63 3.06 30.1 9 .6 -

8 /1 1 /6 5 - - 10.1 -

8 /2 3 /6 5 - - 9 .8 7.40

11 /2 /65 - - 9 .8 7 .5 8

2 12 /10/62 2.92 34.7 - -

4 /1 8 /6 3 1.64 25 .4 7.3 -

6 /1 7 /6 3 2.77 35 .0 11.8 -

7 /1 7 /63 3.33 37.1 11.5 -

8 /1 9 /6 3 3 .6 4 39.6 12.5 -

9 /2 0 /6 3 1 .64 21.2 7.1 -

10/18 /63 3.66 33.5 10.3 -

1 1 / 1 5 / 6 3 3 .4 8 34 .4 9 .9 -

12/13 /63 3 .1 8 2 8 . 3 8 . 3
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TABLE 5 - - ( C o n t i n u e d )

Fish
no.

Date Red C e l l s  
mil l ions /mm^

Hemato
c r i t

%

Hemoglobin 
g/100 ml 

blood
pH

4 12/11/62 3.00 38.6 - -

4 /3 /6 3 2 .34 28.7 8 .3 -

5 /7 /6 3 3.02 36.7 11.2 -

6 / 7 /6 3 3.15 34.3 10.9 -

7 /8 /6 3 2 .98 37.2 11.3 -

8 / 8 /6 3 3 .09 34.1 9 .5 -

9 /6 /6 3 3.60 32 .8 11.3 -

11/1 /63 3.22 38.2 10.9 -

12/6 /63 2.89 33.0 9.7 -

5 12/17/62 2.83 36.6 - -

4/1 8 /6 3 2 .44 36.4 11.2 -

5/17 /63 3.09 36.1 11.6 -

6 /1 7 /6 3 2.90 38.5 11.4 -

7/17 /63 2.60 33.2 10.6 -

8 /3 /63 3 .23 35.8 12.4 -

8/19 /63 2 .24 25.6 8 .4 -

9 /2 0 /6 3 3.53 37.6 12.0 -

10/18/63 3 .24 36.2 11.8 -

11/15/63 3 .14 35 .4 11.2 -

12/13/63 2.63 31 .8 8 .6 -



4 4

TABLE 5 - - ( C o n t i n u e d )

Fi sh 
no.

Date Red C e l l s  
i i i i l l i o n s / i m r

Heniato- 
c r i  t

%

Hemoglobin 
g/100 ml 

blood
pH

1 2 / 1 8 / 6 2 2 . 2 8 - - -

5 / 7 / 6 3 2.10 3 0 . 3 11.0 -

6 / 7 / 6 3 2 . 3 8 2 8 . 4 8 . 7 -

7 / 8 / 6 3 2 . 6 8 2 8 . 6 9 . 5 -

8 / 8 / 6 3 2 . 7 4 3 0 . 2 10.0 -

9 / 6 / 6 3 2 . 9 8 3 6 .2 11.5 -

10/4 /63 2 .3 2 2 9 . 0 9 .5 -

11 /1 /6 3 2 . 6 8 27.4 8 . 8 -

11 /25/63 2 . 4 0 2 5 . 8 8 . 2 -

1 2 / 4 / 6 2 2 .2 5 2 7 . 8 - -

1 / 9 / 6 3 2.21 24.4 - -

4 / 2 3 / 6 3 2 .2 6 25.5 7.9 -

5 / 2 3 / 6 3 2.50 2 6 . 6 8 . 8 -

6 / 2 2 / 6 3 2.31 2 3 .7 7.7 -

7 / 2 3 / 6 3 2 . 7 2 2 7 . 6 8 .7 -

8 / 2 3 / 6 3 2 .4 9 3 2 . 0 10.1 -

9 / 2 2 / 6 3 2 .44 25.6 8 . 3 -

10/18/63 2 . 8 0 2 6 . 8 8 . 4 -

8 /17 /6 5 - - 8 . 3 7.47

9 /18 /65 - - 5 .8 7 . 4 8



4 5

TABLE 5 - - ( C o n t i n u e d )

Fish
no.

Date Red C e l l s  ~ 
mil l ions /mm

Hemato
c r i t

%

Hemoglobin 
g/100  ml 

blood
pH

13 4 / 1 8 / 6 3 2 ^ 8 3 2 . 7 10.7 -

5 / 1 6 / 6 3 2 . 8 3 2 8 . 4 8 .4 -

6 / 1 7 / 6 3 2 ^ 2 3 2 . 6 10.0 -

7/1 7 /6 3 2 . 9 2 3 2 . 4 10 .2 -

9 / 2 0 / 6 3 3.51 3 2 . 4 10.7 -

1 0 / 1 8 / 6 3 2 ^ 8 30.3 9.5 -

11/15 /63 3 .13 3 2 . 6 10.0 -

1 2 / 1 3 / 6 3 3 . 0 2 3 2 . 0 8 . 9 -

15 3 / 2 7 / 6 3 2 ^ 8 3 5 . 2 10.8 -

4 / 2 6 / 6 3 3.66 41.0 18 .9 -

5 / 3 0 / 6 3 3.81 37 .4 1 2 .0 -

6 / 3 0 / 6 3 2 . 8 8 33.1 9.9 -

7 / 3 1 / 6 3 4 ^ 2 40 .4 11.7 -

8 / 2 8 / 6 3 3 .46 3 6 .6 1 0 .8 -

n /25 /63 3 . 6 3 3 5 . 8 11.0 -

8 / 2 1 / 6 5 - - 9 .0 7 .5 6

17 3 / 2 6 / 6 3 3.56 2 9 .2 9 .0 -

4 / 2 5 / 6 3 1.91 20 .7 5 . 8 -

6 / 2 9 / 6 3 3.21 2 5 . 2 8 . 0 -

7 / 3 1 / 6 3 3 .74 2 9 . 0 9 . 2 -

8 / 2 8 / 6 3 3.15 2 9 . 6 8 . 9 -

9 / 2 7 / 6 3 3 .30 2 6 . 8 8.1 -



4 6

TABLE 5 - - ( C o r ) t i n u e d )

Fish
no.

Date Red C e l l s  
mil l ions/mm^

Hemato
c r i t

%

Hemoglobin 
g/100 ml 

blood
pH

(17)

18

19

10/25 /63 3 . 3 4 2 7 . 0 7 . 8 -

1 1 / 2 2 / 6 3 3.12 2 5 . 8 7 .3 -

2 / 6 / 6 3 3 .39 215.8 - -

4 / 2 2 / 6 3 3 .8 5 57.2 15.6 -

5 / 2 2 / 6 3 4 . 1 2 4 2 .6 12.9 -

6 / 2 1 / 6 3 2 . 5 8 3 4 . 0 10 .2 -

7 / 2 2 / 6 3 ^ 9 8 35.5 12 .0 -

8 / 2 2 / 6 3 3 .4 2 3 8 . 4 13 .2 -

9 /20 /6 3 3 .6 2 41 .8 13 .7 -

10/18/63 3 .4 0 39.1 12.0 -

11 /18/63 3 .5 0 3 8 . 8 1 2 .0 -

1 2 / 1 3 / 6 3 3 .4 0 3 6 . 8 1 0 .3 -

3 / 1 3 / 6 3 - 35 .0 - -

3 / 2 8 / 6 3 2.31 2 8 . 8 9 .4 -

6 / 7 / 6 3 ^ J 6 2 8 . 0 9 . 4 -

7 / 8 / 6 3 3.40 29.0 9 . 9 -

8 / 8 / 6 3 3 J 8 3 5 . 0 11.3 -

9 / 6 / 6 3 3 .60 3 6 .2 10.9 -

10/4 /63 3 . 3 0 3 5 . 8 10.6 -

11/25/63 4 . 5 8 35.5 10.4 -

8 /10 /65 - - 10.9 7.5



4 7

TABLE 5 - - ( C o n t i n u e d )

Fish
no.

Date Red C e l l s  
mil l ions /mm

Hemato
c r i t

%

Hemoglobin 
g/100 ml 

blood
pH

20 4 /23 /6 3 1.71 21 .9 6 .9 -

5 / 2 2 / 6 3 3.93 39 .6 12.4 -

6 /21 /63 ^ 2 6 3 8 . 8 11.7 -

7 / 2 2 / 6 3 3.56 38 .8 13.1 -

8 / 2 2 / 6 3 2.64 3 2 . 2 9.9 -

9 /22 /63 ^ 8 4 41 .6 13.3 -

10/18/63 3.77 3 9 .0 12.0 -

11/15/63 3 . 8 7 3 9 . 2 12.2 -

12/13/63 3.06 3 3 . 8 9.7 -

24 4 / 1 8 / 6 3 3.55 37 .5 12.0 -

5/17 /63 3.10 36.1 10.8 -

6 /18 /63 3 .54 3 8 . 3 12.3 -

7 / 2 2 / 6 3 3 . 7 2 43 .6 14.5 -

8/19 /63 3 . 3 6 41 .0 13.6 -

9 / 2 0 / 6 3 4 .08 4 2 . 6 13 .9 -

10/18/63 3 .54 40 .7 13.5 -

11/15/63 ^ 6 7 43.1 12.8 -

12/13/63 3 . 6 6 38 .0 11.2 -

8/ 16 /65 - - 11.3 7.43

25 4 / 2 3 / 6 3 2.45 33.0 9 .6 -

5 /30/63 3.15 30.6 10 .6 -

6 /30 /63 2.60 32.6 10.5
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TABLE 5 - ( C o n t i n u e d )

Fish
no.

Date Red C e l l s  
mil l ions/mm^

Hemato
c r i t

%

Hemoglobin 
g/100  ml 

blood
pH

(25)

26

27

28

7 /31 /63 2.96 31.6 10.6 -

8/28/63 1.78 20.8 6 .9 -

9/28/63 2.47 26.9 8.3 -

12/6 /63 3.28 32.5 9.1 -

4 /24 /63 2.44 26.4 7 .7 -

5 /24 /63 - 25.3 8.2 -

6 /25 /63 1.71 18.6 7 .7 -

7 /25 /63 3.43 28.4 9 .2 -

8/26/63 3.46 30.9 10 .3 -

9/27/63 2.96 26.5 8.3 -

10 /25 /63 2 j a 25.8 7 .6 -

11/22 /63 3.56 29.7 8 .3 -

4 /22 /63 2.84 38.8 11.2 -

5/23/63 ^^9 39.0 12.1 -

6 /23 /63 2.85 32.2 10.6 -

7 /25 /63 2^ 8 24.2 7.5 -

8 /2 6 /63 2.76 33.0 10 .8 -

9/28/63 3.48 35.2 11.3 -

10/26 /63 3.12 34 .8 10,5 -

12/6 /63 3.46 33.6 9 . 8 -

4 / 4 /6 3 2.82 32.2 9 .5 -

5 / 2 /6 3 3.18 32.8 10 .8 -
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TABLE 5 - - ( C o n t i n u e d )

Fish
no.

Date Red C e l l s  
m il l ions /mm^

Hemato
c r i t

%

Hemoglobin 
g/100 ml 

blood
pH

(28) 6 / 4 /6 3 2.64 28 .2 8 .6 -

7 / 4 /6 3 2.60 28 .9 8 .9 -

8 / 3 /6 3 2.40 24.6 8 .3 -

9 / 6 /6 3 2.51 30 .4 9 . 8 -

10 /4 /63 3 .32 29.1 9.6 -

11 /1 /63 3 .78 26.2 8 .2 -

11 /25 /6 3 3 .2 4 30 .2 9.1 -

30 3 /2 8 /6 3 2.52 32 .8 10.7 -

5 / 1 /6 3 2.86 30.7 9 .9 -

5 /3 1 /6 3 2 .92 31.5 10.2 -

7 / 2 /6 3 2 .4 4 31 .4 9.1 -

8 / 1 /6 3 3.22 34.2 11.1 -

9 /2 9 /6 3 2.72 29.6 10.0 -

10 /26 /6 3 3.42 34.4 10.2 -

12 /6 /6 3 3 .48 35.3 10.3 -

31 4 /2 2 /6 3 2.74 35.7 10.4 -

5 /2 2 /6 3 3.36 33.2 10.5 -

7 /23 /63 2.89 32.7 10.3 -

8 /23 /63 3.63 40.0 12.2 -

9 /2 2 /6 3 3.50 40.0 11.1 -

10 /18 /6 3 3.54 36.0 11.2 -

11 /15 /63 3.39 37.0 10.9 -
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TABLE 5 — ( C o n t i n u e d )

Fish
no.

Date Red C e l l s  _ 
mil l ions/mm

Hemato
c r i t

%

Hemoglobin 
g/100 ml 

blood
pH

(31) 12 /13 /63 3.77 34.8 —  9 . 9 -

32 4 / 2 2 / 6 3 2 . 4 8 34.2 10.1 -

5 / 2 3 / 6 3 3.80 3 8 . 6 11.6 -

7 / 2 3 / 6 3 3.42 3 8 . 0 12.6 -

8 / 2 3 / 6 3 3.15 41.2 13.1 -

9 / 2 2 / 6 3 4.09 3 8 . 2 12.9 -

10 /18 /63 3.54 40 .4 12 .4 -

11 /15 /6 3 3.66 3 9 . 0 12.1 -

1 2 / 1 3 / 6 3 4.05 3 8 . 8 10 .8 -

33 4 /2 2 /6 3 1.71 2 2 . 3 6 .6 -

5 / 2 3 / 6 3 3.20 30 .2 9.6 -

6 / 2 2 / 6 3 2 . 2 6 25 .6 8 .9 -

7 / 2 3 / 6 3 1.83 22 .4 7.6 -

8 / 2 3 / 6 3 2.30 2 6 . 0 9 .0 -

9 /2 0 /6 3 2 .3 2 30 .6 9 .9 -

11/15 /63 4 . 8 8 51 .5 13.5 -

1 2 / 1 3 / 6 3 2.91 2 8 . 5 8 .0 -

35 4 /23 /63 3.08 3 2 . 6 9 .5 -

5 /23 /6 3 3.96 32 .3 9 .9 -

6 /24 /6 3 2 . 8 2 32.5 9 .3 -

7 /25 /63 4 . 2 4 3 2 . 8 9 .9 -

8 / 2 6 / 6 3 3.01 3 0 . 3 9 . 9 -
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TABLE 5 — ( C o n t i n u e d )

Fish
no.

Date Red C e l l s  
mil l ions/mm^

Hemato
c r i t

%

Hemoglobin 
g /100 ml 

blood
pH

^ 5 ) 9 / 2 8 / 6 3 2 .8 2 2 7 . 6 9.1 -

10/26/63 3 .6 3 30.2 8 . 8 -

1 2 / 6 / 6 3 3 .3 6 30.6 8 .5 -

37 4 /4 /6 3 3.77 2 7 . 6 7 .8 -

5 / 2 / 6 3 2 . 7 4 2 7 . 2 8.1 -

5 /31 /63 3.00 2 9 .9 8 .4 -

7 / 2 / 6 3 2 .7 6 26.1 8 . 2 -

8 / 1 / 6 3 2 .6 9 2 2 . 8 8 .0 -

8 / 2 9 / 6 3 3 . 3 2 2 6 . 3 8 . 0 -

10 /4 /63 2 .94 2 2 . 4 7 .3 -

1 1 / 1 / 6 3 3 .3 7 26.6 8 .0 -

8 / 3 / 6 5 - - 8.1 7 . 4 8

9 /2 8 /6 5 - - 6 .6 7.65

10/12/65 - - 5 .4 7 .58

38 3 /15 /63 - 2 8 . 0 9 .4 -

3 / 2 8 / 6 3 - 2 8 .6 - -

5 / 1 /6 3 2.56 33.1 8 . 3 -

5 /3 1 /6 3 3 . 2 4 3 2 .2 9 . 6 -

7 / 2 / 6 3 3.25 3 3 . 4 10.3 -

8 / 1 /6 3 3.94 36.5 11.6 -

8 / 2 9 / 6 3 3.16 2 8 .6 1 0 . 6 -

9/2 7 /6 3 3.14 32.1 - _
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TABLE 5 — ( C o n t i n u e d )

Fish
no.

Date Red C e l l s  
mil l ions/mm^

Hemato
c r i t

%

Hemoglobin 
g/100 ml 

blood
pH

P 8 ) 10 /28 /63 3.11 32.4 9 .0 -

11 /22 /63 3.54 32 .0 8 . 9 -

1 2 / 2 3 / 6 3 3.86 31.2 9 .2 -

39 4 /2 4 /63 2.40 37.1 10.3 -

5 / 2 4 / 6 3 2.96 3 8 . 7 11.5 -

6 /2 5 /6 3 2 . 6 8 35.0 10.7 -

7 /2 5 /63 2 . 6 3 38.0 11 .8 -

8 / 2 6 / 6 3 3.08 3 8 . 2 12.2 -

9 / 2 7 / 6 3 2 .8 6 33 .4 9 .7 -

10 /26 /6 3 2 . 6 6 31.2 10 .6 -

12 /6 /63 3.03 33.5 9 . 8 -

40 4 / 4 / 6 3 2 . 6 9 37 .4 11 .2 -

4 / 2 3 / 6 3 ^ ^ 8 2 7 . 0 8.1 -

5 /30 /63 2 ^ 8 34 .7 10 .8 -

6 /3 0 /63 2.50 2 8 . 8 9.1 -

8 / 2 9 / 6 3 3.19 36 .4 11 .4 -

9 /2 8 /6 3 3.52 35 .4 11 .8 -

10 /26 /6 3 3 .1 8 3 8 . 3 11 .3 -

11/25 /63 3 .57 39 .0 11 .4 -

41 5 /2 3 /63 2 . 6 0 33.1 9 . 9 -

6 /2 4 /6 3 2 . 8 2 29.6 9 . 4 -

7 /25 /63 3.05 35.2 10 .6 -
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TABLE 5 - - ( C o n t i n u e d )

Fish
no.

Date Red C e l l s  
mil l ions /mm^

Hemato
c r i t

%

Hemoglobin 
g/100  ml 

blood
pH

(41)

43

44

8 /2 6 /6 3 3 .4 0 34 .0 11.1 -

9 /2 8 /6 3 3 .3 9 41 .0 13 .2 -

10/26 /63 3.15 32 .2 9 . 8 -

12 /6 /63 3 .0 3 :W.3 9 .2 -

3 /13 /63 - 41.1 - -

4 / 8 /6 3 3 .3 0 41.2 13 .7 -

5 / 7 /6 3 2.70 38.7 12.2 -

6 / 7 /6 3 2 .89 38 .8 12.9 -

7 / 8 /6 3 3 .6 5 41 .3 13 .8 -

8 / 8 / 6 3 4 .6 3 47.1 15.3 -

1 0 /4 /63 3.79 42 .8 13.6 -

11 /1 /6 3 4 .2 6 41.0 1 2 .8 -

11 /25 /63 3 .6 2 38.1 11 .7 -

3 /27 /63 2 .6 6 31.6 9 . 8 -

4 /26 /63 2 .96 31.9 13.5 -

5 /30 /63 3 .6 8 30.4 9 .0 -

6 /30 /63 2 .5 8 24.9 8 .4 -

7/31 /63 3 .4 2 32 .8 10.9 -

8 /28 /63 2 .20 28.9 9 . 0 -

9 /28 /63 2 .8 8 32.6 10 .3 -

10 /26 /63 3.52 33.1 9 .7 -

1/25 /64 3.21 36.2 10 .3 -
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TABLE 5 — ( C o n t i n u e d )

Fish
no.

Date Red Ce l ls  
mil lions/mm^

Hemato
c r i t

%

Hemoglobin 
g/100 ml 

blood
pH

45 3 /2 6 /6 3 2.92 33.9 9 .2 -

4 /2 5 /6 3 2.35 - 8 .7 -

5 /2 9 /6 3 3.31 - - 3 2 . 8 9 .7 -

6 /2 9 /6 3 2.49 30 .4 10 .0 -

7 /3 0 /63 2 .9 0 31.2 10 .9 -

8 /2 7 /6 3 3.50 30 .8 9 . 8 -

9 /2 7 /6 3 3 .04 24 .8 8 . 8 -

10/25 /63 3.50 29 .8 7 .7 -

11/23 /65 3 .42 29.6 8 .5 -

47 3 /2 7 /6 3 3.05 35.0 11.0 -

4 /2 7 /63 2.46 30.0 8 .7 -

5 /3 0 /6 3 2 .87 29 .6 9 .2 -

6 /3 0 /6 3 ^ 7 8 30 .3 8 . 4 -

7 /31 /63 3.49 31.2 9 . 8 -

9 / 6 /6 3 2.14 20.2 6.1 -

10 /4 /63 2 .44 19.5 6 .0 -

11 /1 /6 3 2 .84 23.0 6 .6 -

12 /6 /6 3 2.52 24.5 6 . 8 -

48 4 /1 7 /6 3 3.40 :%.2 9 .0 -

5 /16 /63 3.19 28.2 11.3 -

6 /1 8 /6 3 2.52 27.0 8 .0 -

7 /22 /63 4 .34 36.8 11.6 -
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TABLE 5 — ( C o n t i n u e d )

Fish
no.

Date Red C e l l s  , 
mil l ions/mm"

Hemato
c r i t

%

Hemoglobin 
g/100 ml 

blood
pH

(48)

49

51

8/19 /6 3 2.84 2 8 . 4 8 .4 -

9 / 2 0 / 6 3 2 .8 2 25.9 8 . 3 -

10/18/63 3 . 3 8 33.1 9 .4 -

11/22 /63 2.96 - 8 .4 -

1 2 / 2 3 / 6 3 3.34 31.7 9 .3 -

4 / 3 / 6 3 2.45 31.0 7 .8 -

5 / 2 / 6 3 3.08 -W.8 9 .5 -

5 / 3 1 / 6 3 2 .9 2 32.0 9.7 -

7 / 4 / 6 3 3.06 3 3 .2 10.2 -

8 / 1 / 6 3 4.07 3 3 . 0 10.6 -

8 / 2 9 / 6 3 3.13 28 .4 9.1 -

1 0 / 4 / 6 3 3 .26 27 .2 9.1 -

11 /1 /63 3 .2 6 30.5 9 . 2 -

1 2 / 6 / 6 3 3.66 30.1 8 . 8 -

4 / 1 7 / 6 3 1.98 21.0 6.4 -

5 /16 /6 3 2 .7 9 30.5 9.0 -

6 /18 /63 2.24 26.0 8.1 -

7/18 /63 2.86 33.6 10.3 -

8 / 2 2 / 6 3 3.17 3 7 .3 12.1 -

9 /20 /63 3.04 - 10.3 -

10/25/63 3.66 33.0 9.6 -

11/22 /63 3.24 32.6 9.1
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TABLE 5 — ( C o n t i n u e d )

Fish
no.

Date Red C e l l s  
m il l ions /mm^

Hemato
c r i t

%

Hemoglobin 
g /100 ml 

blood
pH

52

53

5 6

3 / 2 6 / 6 3 2 .02 20.4 7.1 -

4/25 /63 1.72 19.7 5 .6 -

5 / 2 9 / 6 3 3 . 2 2 30.5 8 . 4 -

6 / 2 9 / 6 3 2 . 8 3 26.3 8 .4 -

7 /30/63 3 .02 26.9 8 . 6 -

8 / 2 7 / 6 3 3.22 29.4 9 .3 -

9 / 2 7 / 6 3 3.16 26 .2 8 .0 -

10/25/63 3.71 28.0 8 . 0 -

1 1 / 2 2 / 6 3 3.50 26.2 7 .7 -

12/23/63 2 .8 4 2 4 .8 7 .6 -

3 / 2 7 / 6 3 2 .84 27.6 9 . 9 -

4 / 2 7 / 6 3 2 .30 26.0 7.1 -

5/29 /63 3 .22 3 2 .8 10.3 -

6 /29 /63 3 .09 28 .6 9 .4 -

7/30 /63 3 .96 3 2 .8 10.6 -

8 / 2 7 / 6 3 3 .50 29 .2 9 . 3 -

9/27 /63 3 .43 26.5 9.1 -

10/25/63 3 .1 8 2 7 .3 7 .9 -

12/23/63 2 .6 8 25.0 7 .3 -

3/2 5 /6 3 2 .20 25.0 7 .5 -

4 /25 /63 1.89 20.5 6 .9 -

5/2 9 /6 3 2 .83 27 .8 8 . 2 -
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TABLE 5 — ( C o n t i n u e d )

Fish
no.

Date Red C e l l s  
mil l ions /mm^

Hemato
c r i t

%

Hemoglobin 
g/100 ml 

blood
pH

(56)

58

59

6 / 2 9 / 6 3 2.74 25.4 8 .2 -

7 /30 /6 3 2 . 8 2 26 .5 8 . 8 -

8 / 2 7 / 6 3 2 . 9 8 28.0 8.5 -

9/27 /63 3 . 2 2 27.6 8.5 -

10/25 /63 2.74 2 8 .0 7.7 -

1 1 / 2 2 / 6 3 3.79 28 .0 8.0 -

1 2 / 2 3 / 6 3 3.47 3 2 .7 8.7 -

8 /25 /65 - - 7.6 7.43

4 / 4 /6 3 3 .4 9 39.1 10.4 -

5 / 2 / 6 3 3.16 35.0 11.0 -

5/31 /63 2.76 3 2 .3 9.5 -

7 / 2 / 6 3 ^ 9 7 32 .6 10.0 -

8 / 1 / 6 3 3.94 39.6 12.8 -

8 / 2 9 / 6 3 3.84 37.0 12.3 -

10 /4 /6 3 3 .3 2 31 .9 11.3 -

11/4 /63 3.34 36.8 10.5 -

1 2 / 6 / 6 3 3.20 34.1 9 .7 -

3 /25 /63 3.08 32.5 8 . 6 -

4 /25 /63 2.28 23.4 7.1 -

5 /30 /63 2.81 27.0 8 .0 -

6 /2 9 /6 3 3.08 28.0 8 .7 -

7 /31 /63 4.23 3 2 . 8 10.0 -



TABLE 5—

58

(Continued)

Hemato Hemoglobin
Fish Date Red C e l l s c r i t g /100  ml pH

no. mil l ions /mm^ % blood

(59) 8 / 2 9 / 6 3 3.44 29.5 9 . 4 -

9 / 2 8 / 6 3 3.10 2 6 . 4 8 .5 -

10/25/63 3.74 31 .4 8 . 8 -

1 1 / 2 2 /6 3 3 . 6 8 2 8 . 0 8 . 0 -

1 2 / 2 3 /6 3 4 .16 3K.8 9 . 2 -
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TABLE 6

Summary o f  Red Cell  Count s ,  H e m a to c r i t s ,  and Hemoglobin 
o f  In d iv id u a l  Sp o t t e d  Gar

Red blood c e l l  No. No. No.
coun t  o f  o f  Hemoglobin o f

Fish 10^ ce l ls /mm^ Sam- Hematocri t  % Sam- g/100 ml Sam-
no. Mean Range pies Mean Range p ies Mean Range p ies

1 2.93 2 .1 1 - 3 .7 5 9 32 .8 2 4 .6 - 3 7 .9 9 10.0 7 .9 - 1 1 .7 11

2 2.92 1 .6 4 -3 .6 6 9 32.1 2 1 .2 - 3 9 .6 9 9 . 8 7 .1 -1 2 .5 8

4 3.03 2 .3 4 - 3 .6 0 9 30.6 2 8 .7 - 3 8 .6 9 10.4 8 .3 - 1 1 .3 8

5 2.90 2 .2 4 - 3 .5 3 11 34.8 3 1 .8 - 3 8 .5 11 10.9 8 .4 - 1 2 .4 10

7 2.51 2 .1 0 - 2 .9 8 9 29.5 2 5 .8 - 3 6 .2 8 9 .6 8 .2 - 1 1 .5 8

9 2.44 2 .2 1 - 2 .8 0 9 26.7 2 3 .7 - 3 2 .0 9 8 .2 5 .8 -10 .1 9

13 2.92 2 .52 -3 .5 1 8 31.7 2 8 .4 - 3 2 .7 8 9 . 8 8 .4 - 1 0 .7 8

15 3.46 2 .5 8 - 4 .2 2 7 37.1 3 3 .1 - 4 1 .0 7 11 .8 9 .0 - 1 8 .9 8

17 3.17 1 .9 1 - 3 .7 4 8 26.7 20 .7 - 2 9 .6 8 8 .0 5 . 8 -  9 .2 8

18 3.53 3 .3 9 - 4 .1 2 10 40.0 3 5 .5 -5 7 .2 10 12.4 10 .2 -15 .6 9

19 3.30 2 .3 1 - 4 .5 8 7 29.4 2 8 .0 - 3 5 .8 8 10.4 9 .4 - 1 1 .3 8

20 3.29 1 .7 1 - 3 .9 3 9 36.1 2 1 .9 - 4 1 .6 9 11.2 6 .9 - 1 3 .3 9

24 3.58 3 .1 0 - 4 .0 8 9 40.1 3 6 .1 - 4 3 .6 9 12.6 10 .8 -14 .5 10

25 2.81 1 .7 8 - 3 .2 8 7 29.7 2 0 .8 -3 3 .0 7 9 .4 6 .9 - 1 0 .6 7

26 2.90 1 .7 1 - 3 .5 6 7 26.4 1 8 .6 -30 .9 8 8 .4 7 .6 - 1 0 .3 8

27 3.06 2 .5 8 - 3 . 4 8 8 33.8 2 4 .2 - 3 9 .0 8 10.5 7 .5 -12 .1 8

28 2.94 2 .4 0 - 3 . 7 8 9 29.2 2 4 .6 - 3 2 .8 9 9 .2 8 .2 - 1 0 .8 9

30 2.95 2 .4 4 - 3 . 4 8 8 32.5 2 9 .6 - 3 5 .3 8 10.2 9 .1 -11 .1 8

31 3.35 2 .7 4 - 3 .7 7 8 36.2 3 2 .7 - 4 0 .0 8 10 .8 9 .9 - 1 2 .2 8

32 3.51 3 .1 5 - 4 .0 9 8 38.5 3 4 .2 -3 8 .2 8 12.0 10.1-13 .1 8
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TABLE 6 - - ( C o n t i n u e d )

Fish

Red b lood  c e l l  No,
c o u n t  o f

10® cel l s /mm^ Sam- H em ato cr i t  %

No.
o f
Sam-

Hemoglobin 
g/100 ml

No.
o f
Sam-

no. Mean Range p i e s Mean Range p ie s Mean Range p ies

33 2.67 1 .7 1 - 4 . 8 8 8 29 .6 2 2 .3 - 5 1 .5 8 9.1 6 .6 - 1 3 .5 8

35 3.36 2 . 8 2 - 4 . 2 4 8 31.1 2 7 .6 - 3 2 .8 8 9 .4 8 . 5 -  9 .9 8

37 3.07 2 .6 9 - 3 .7 7 8 26.1 2 2 .8 - 2 9 .9 8 7.6 5 . 4 -  8 .4 11

38 3.31 3 .1 1 - 3 . 9 4 9 32.6 2 8 .0 - 3 6 .5 11 9 .8 8 .3 - 1 1 .6 9

39 2.79 2 . 4 0 - 3 . 0 8 8 35.6 3 1 .2 - 3 8 .7 8 10 .8 9 . 7 - 1 2 . 2 8

40 3.01 2 .5 0 - 3 .5 7 8 34.6 2 7 .0 - 3 9 .0 8 10.6 8 . 1 - 1 1 . 8 8

41 3.06 3 .6 0 - 3 . 4 0 7 33.6 2 9 .6 - 4 1 .0 7 10.4 9 .2 -1 1 .1 7

43 3.60 2 . 7 0 - 4 . 6 3 8 41.1 38 .1 -47 .1 9 13.2 1 1 .7 - 1 5 .3 8

44 3.01 2 . 2 0 - 3 . 6 8 9 31 .4 2 4 .9 - 3 6 .2 9 10.1 8 .4 - 1 3 .5 9

45 3.05 2 .3 5 - 3 .5 0 9 30 .4 2 4 .8 - 3 3 .9 8 9 .2 7 . 7 - 1 0 .9 9

47 2.73 2 . 1 4 - 3 .4 9 9 27 .0 1 9 .5 - 3 5 .0 9 8 .0 6 .0 - 1 1 . 0 9

48 3.20 2 .5 2 - 4 .3 4 9 30 .4 2 5 . 9 - 3 6 .8 8 9.3 8 .0 - 1 1 .6 9

49 3.21 2 . 4 5 - 4 .0 7 9 30.7 2 7 .2 - 3 3 .2 9 9.3 7 .8 - 1 0 .6 9

51 2.87 1 .9 8 - 3 .6 6 8 32 .0 2 1 .0 - 3 7 .3 7 9 .4 6 .4 - 1 2 .1 8

52 2.92 2 .0 2 -3 .7 1 10 25 .8 1 9 .7 - 3 0 .5 10 7.9 5 . 6 -  9 .3 10

53 3.13 2 .3 0 - 3 .9 6 9 28 .2 2 5 .0 - 3 2 .8 9 9 .0 7 . 1 - 1 0 . 3 9

56 2.87 1 .8 9 - 3 .7 9 10 27 .0 2 0 .5 - 3 2 .7 10 8 .9 6 . 9 - 8 . 8 11

58 3.34 2 .7 6 - 3 . 9 4 9 35 .4 3 1 .9 - 3 9 .6 9 10.8 9 . 5 - 1 2 . 8 9

59 3.36 2 .2 8 - 4 .2 3 10 29 .2 2 3 . 4 - 3 2 .8 10 8 .6 7 . 1 - 1 0 . 0 10

Means 3 .08 ± 0.03 32 .0 ± 0.41 9.9 i  0 .28
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TABLE 7 

Blood pH o f  t h e  Spo t ted  Gar

pH Range No. o f  o b s e r v a t i o n s

Less than  7.11 (7 .08 ) 1

7 .1 1 - 7 .2 0 0

7 . 2 1 - 7 .3 0 3

7 . 3 1 - 7 .4 0 10

7 .4 1 - 7 .5 0 18

7 .5 1 - 7 .6 0 4

7 .6 1 - 7 .7 0 3

G r e a t e r  t h a n  7.70  (7 .73 ) 1


