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A high proportion of f ish species of f  the coast of Labrador 
harbour trypanosome infections (KHAN et al. 1980a, b). The la t te r  
are known to induce hematological changes in marine f ish (KHAN 1977; 
KHAN et al. 1980c). Exposure to oi l  is also known to produce 
blood changes (KICENIUK et al. 1980; KOTOV 1976). We therefore 
hypothesized that trypanosome infection and exposure to oi l  might 
interact to a l ter  the hematology of f ish. 

MATERIALS AND METHODS 

Adult longhorn sculpins (450-700 g) were collected from 
Conception Bay, Newfoundland and held in tanks with running sea 
water for 8 months p~ior to exposure. They were fed capelin 
(Mallotus vi l losus) thr ice weekly. In the f i r s t  experiment sculpins 
were infected with trypanOsomes via leeches (KHAN 1976) and af ter  
42 days , 16 f ish were placed in each of two tanks (3000 L) through 
which sea water flowed (N5 L/min). 

One group of  f i s h  was exposed to water-accommodated Venezuelan 
crude o i l  wh i le  the other served as con t ro l s .  The wa te r -so lub le  
f r a c t i o n  was prepared by in t roduc ing  one l i t e r  of  o i l  i n t o  a head 
tank (80 L) and e x t r a c t i n g  water so lub le  compounds w i th  a constant 
stream of  seawater sprayed onto the surface of  the head tank. The 
water e x t r a c t  was drawn from the bottom of  the head tank in to  the 
t reatment  tank. Water f low of 2.5 L/min through the head tank and 
d i r e c t l y  in to  the f i s h  tank provided an o i l  concent ra t ion of  
300 ppb i n i t i a l l y ,  measured by f lorescence spectrophometry, a f t e r  
KEIZER and GORDON 1973. The concent ra t ion subsequently decreased 
to 150 ppb by the end of  the week when the old o i l  was removed 
from the head tank and 1 L of  f resh crude was added. This regime 
was maintained throughout the e n t i r e  experiment which was of  64 
days dura t ion .  Water temperatures var ied  from 7~ in  May, when 
the experiment commenced, to 11~ in Ju ly .  Both groups of  f i s h  
were fed weighed q u a n t i t i e s  of  f r e s h l y  thawed cape l in  (Ma l lo tus  
v i l l o s u s )  ad l i b i t u m  three t imes weekly throughout the per iod of  
c a p t i v i t y  

Hematological parameters which included hemoglobin, hematocrit, 
total plasma protein, plasma chloride, plasma osmolality and white 
blood cel l  counts were determined from cardiac blood at 2 week 
intervals pr ior  to and after exposure to the o i l .  At the conclusion 
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of the exper iment,  the t o t a l  body and organ weights were also 
determined. Tissue samples fo r  microscopic examinat ion inc luded 
hear t ,  l i v e r ,  spleen, k idney,  g i l l ,  small i n t e s t i n e  and gonad. 
These were f i xed  in Bouin 's  f l u i d ,  processed by convent ional  
h i s t o l o g i c a l  techniques and s ta ined w i th  hematoxyl in and eosin.  

Organ weights were t ransformed to somatic ind ices  (organ 
weight /body weight  x 100) and these toge the r  w i th  cond i t i on  f a c t o r  
and hematological  va r i ab les  were analyzed by two way ana lys is  of  
var iance f o r  d i f f e r e n c e  between sexes (M ~ F), t reatments (C N E), 
and t h e i r  i n t e r a c t i o n  (M ~ F) x (C N E). Means and 95% conf idence 
i n t e r v a l s  were ca l cu la ted  at  each sample t ime f o r  the hematological  
va r i ab les  and p l o t t e d  fo r  t rends.  Hematological va r i ab les  were 
a lso analyzed by one way anova fo r  d i f f e r e n c e s  r e l a t ed  to t reatment  
a t  each sample t ime. 

RESULTS AND DISCUSSION 

In the trypanosome i n fec ted  groups, a l l  f i s h  surv ived except  
th ree from the exper imental  group which d ied s h o r t l y  a f t e r  exposure 
from a previous b a c t e r i a l  i n f e c t i o n .  Body cond i t i on  ind ices  of  
both o i l -exposed  and con t ro l  f i s h  were s i m i l a r  (Table 1). There 
was a s i g n i f i c a n t  d i f f e r e n c e  in the ga l l  b ladder  somatic index 
between the two f i s h  groups (P = 0.002).  Gall b ladders of  the 
con t ro l  group were l a rge r  than those of  o i l -exposed  f i s h .  A 
s i m i l a r  e f f e c t  was observed in w i n t e r  f l ounder ,  Pseudopleuronectes 
americanus, exposed to o i l - con tamina ted  sediment (FLETCHER e t  a l . ,  
in p rep . ) .  However, ga l l  b ladders of  cod, Gadus morhua, (KHAN et  
a l . ,  in p r e p . ) ,  and cunners, Tautogolabrus adspersus, (KICENIUK et  
a l .  1980) were l a rge r  than normal in o i l -exposed  f i sh .  A l l  o ther  
somatic ind ices  were s i m i l a r  in both groups of  f i s h  and between 
sexes. There were no s i g n i f i c a n t  d i f f e r e n c e s  in t o t a l  plasma 
p ro te in  and plasma osmo la l i t y .  Plasma ch lo r i de  l eve l s  were lower 
in o i l - t r e a t e d  scu lp ins  (P = 0.01) .  This observat ion  has been 
repor ted p rev ious l y  in cunners f o l l o w i n g  long term exposure to 
Venezuelan crude o i l  (PAYNE et  a l .  1978). Hemoglobin concent ra t ions  
in the present  study were also depressed in the l a s t  two weeks in 
o i l -exposed  scu lp ins  (P = 0.04) .  The d i f f e r e n c e  in hemoglobin 
l eve l s  suggests t ha t  trypanosome i n f e c t i o n  in add i t i on  to o i l - exposu re  
would reduce the blood oxygen ca r r y i ng  capac i ty  and thereby decrease 
m o b i l i t y  in ac t i ve  species o f  f i s h .  There were no d i f f e r e n c e s  
between the two groups in the o ther  hematological  va r i ab les  sampled 
dur ing the exposure. 

Examination of  the t i ssues  fo r  h i s t o l o g i c a l  changes revealed 
no apparent a l t e r a t i o n s .  This was unexpected as prev ious s tud ies  
on the e f f e c t s  of  petroleum products on f i s h  i nd i ca ted  pa tho log ica l  
changes in the l i v e r  and g i l l  lamel lae (HAWKES 1977, KHAN e t  
a l .  in p rep . ) .  

An add i t i ona l  number of  longhorn scu lp ins ,  p rev ious l y  determined 
to be f ree  o f  blood pa ras i t es ,  were exposed to s i m i l a r  concent ra t ions  
o f  wa te r - so lub le  f r a c t i o n s  of  crude o i l  f o r  75 days to asce r ta in  
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TABLE 1 
E f fec t  of  Venezuelan crude o i l  (~150-300 ppb) on longhorn scu lp ins 
i n fec ted  w i th  trypanosomes. 

Control Oiled 

Variable Sex X S.D. N X S.D. N 

Hematocr i t  M 16 4.0 9 18 2.2 4 
% F 17 4.7 9 13 4.0 7 

Hemoglobin M 5.3 1.79 9 4.4 0.65 4 
(g%) F 5.5 2.00 9 3.7 a 1.34 7 

Plasma 
Osmola l i t y  (mOsm) M 337 4.1 9 333 

F 330 14.1 9 333 

Plasma M 157 3.0 9 152 
C1 (mM) F 158 3.9 9 154 a 

Plasma M 22 8.5 9 24 
Protein (g%) F 22 4.9 9 21 

Condition Factor M 0.013 0.0016 9 0.012 
(weight/L 3) F 0.012 0.0011 9 0.013 

Spleen M 0.15 0.048 9 0.16 
SI F 0.14 0.057 9 0.12 

Liver M 5.9 1.94 9 5.3 
SI F 5.4 0.70 9 5.3 

Heart M 0,16 .031 9 0.17 
SI F 0 .17  0.030 9 0.17 

Gonad M 0 .50  0.342 9 0.54 
SI F 4.4 8.04 9 4.1 

Gall bladder M 0.20 0.102 9 0.11 
SI F 0 .27  0.168 9 0.06 a 

1.7 4 
5.6 7 

6.4 4 
5.0 7 

3.9 4 
6.5 7 

0.0007 4 
0.0020 7 

0.064 4 
0.049 7 

O. 87 4 
1.03 7 

0.052 4 
0.020 7 

0.299 4 
5.55 7 

0 . i i i  4 
0.023 7 

Somatic indices (Sl)=organ weight in grams x body weight (g) i x 100. 

a 
- Signi f icant ly  d i f ferent  (see results section) between treatments in 

two way Anova. 
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i t s  e f f e c t  on unparas i t i zed  f i s h .  No s i g n i f i c a n t  d i f f e r e n c e s  in 
hematocr i t  or hemoglobin l eve l s  were observed between con t ro l  and 
exper imental  f i s h  at 26 and at  75 days. However, t o t a l  plasma 
p ro te in  was s i g n i f i c a n t l y  lower (P~O.05) in o i l - t r e a t e d  f i s h  at  
75 days. This work suggests t ha t  water  so lub le  f r a c t i o n s  o f  
Venezuelan crude o i l  have a minor e f f e c t  on the hematology of  
scu lp ins  at  these concent ra t ions  but t ha t  trypanosomes appear to 
p o t e n t i a t e  the e f f e c t  of  o i l  on blood hemoglobin content  of  trypanosome 
i n fec ted  f i s h .  I f  t h i s  is  found to be the case in ac t i ve  species 
of  f i s h ,  the decrease in oxygen ca r r y i ng  capac i ty  (reduced hemoglobin) 
toge ther  w i th  g i l l  damage observed by KHAN et  a l .  (1981) would 
l i k e l y  l i m i t  the aerob ic  capac i ty  of  f i sh .  

ACKNOWLEDGMENTS 

We thank J. Lannon and K. Harding for word processing and 
G. Somerton for data processing. The research was supported by 
NSERC (RAK) and the Department of Fisheries and Oceans (JWK). 
MSRL contribution number 465. 

REFERENCES 

HAWKES, J. W.: In. D. A. Wolfe [ed.] Fate and effects of petroleum 
hydrocarbons in marine organisms and ecosystems. Pergamon 
Press, New York, N. Y. (1977). 

KEIZER, P. D., and G. C. GORDON: J. Fish. Res. Board Can. 30, 
1039 (1973). 

KHAN, R. A.: Can. J. Zool. 5_44, 850 (1976). 
KHAN, R. A.: J. Fish. Res. Bd. Can. 34:2193 (1977). 
KHAN, R. A.,  M. BARRETT, and J. MURPHY: Can. J. Zool.  5__88, 770 (1980a). 
KHAN, R. A.,  J. MURPHY and D. TAYLOR: Can. J. Fish. Aquat. Sci.  

37, 1467 (1980b). 
KHAN, R. A.,  J. W. KICENIUK, M. DAWE, AND U. WILLIAMS: ICES 

C.M. 1981/E: 40. 
KHAN, R. A. ,  M. BARRETT, and J. CAMPBELL: J. Wi ld l .  Dis. 16, 

359 (1980c). 
KICENIUK, J. W., G. L. FLETCHER, and R. MISRA: Bu l l .  Environ. 

Contam. Tox ico l .  2__44, 313 (1980). 
KOTOV, A. M.: Hydrobio l .  J. 63, 12 (4) (1976). 
PAYNE, J. F. ,  J. W. KICENIUK, W. R. SQUIRES, and G. L. FLETCHER: 

J. Fish. Res. Board Can. 35, 665 (,1978). 

438 


