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ABSTRACT: This study was made to investigate changes  in serum and muscle ion concentrations 
and related mortalities in maturing Anguilla rostrata migrating down the St. Lawrence Estuary. 
Mortalities take place in the freshwater portion of the St. Lawrence. Electrolyte concentrations of 
moribund eels taken in freshwater were  compared to those of freshwater and salt water  controls. 
Moribund eels had a much lower serum osmolality (270 mOsm/kg) than the controls (328 and 358 
mOsm/kg). This resulted from low sodium (125 mEq/1) and particularly low chloride (69 mEq/1) 
contents in the moribund eels compared to the freshwater controls (153 and 117 mEq/l) and the salt 
water controls (179 and 137 mEq/1). There was also a general  decrease in muscle ion concentrations 
m moribund eels though the percentage water  was similar to that of the freshwater controls (64.0 
and 63.7 %). The changes measured be tween  the freshwater controls and the salt water controls in 
nature are similar to those measured on Anguilla anguilla in laboratory. These results suggest  that 
mortalities are related to failure by some of the maturing eels to maintain their mineral  balance in 
freshwater. Hypothesis is made that maturing eels migrating long distances in freshwater or 
retarded by physical or chemical barriers, start to excrete sodium and chloride under  hormonal 
control before they have reached brackish water. In the conditions that prevail in the St. Lawrence 
Estuary, this results in mineral unbalance and possibly in mortalities. 

I N T R O D U C T I O N  

This  s t u d y  w a s  m a d e  to  i n v e s t i g a t e  c h a n g e s  in  t h e  s e r u m  a n d  m u s c l e  ion  c o n c e n t r a -  

t ion  a n d  r e l a t e d  m o r t a l i t i e s  in  m a t u r i n g  Anguilla rostrata m i g r a t i n g  d o w n  the  St. 

L a w r e n c e  River.  T h e  d i s t r i b u t i o n  of t h e  c a t a d r o m o u s  e e l  in  t h e  St. L a w r e n c e  w a t e r s h e d  

is e x t e n s i v e .  M a t u r i n g  e e l s  m i g r a t i n g  to t h e  s ea  a re  h a r v e s t e d  by  c o m m e r c i a l  f i s h e r m e n ,  

p a r t i c u l a r l y  in  t h e  R i c h e l i e u  R ive r  a n d  in  t h e  St. L a w r e n c e  R ive r  f r o m  L a k e  St. P i e r r e  to  

R i m o u s k i  (Fig. 1). H a r v e s t i n g  s ta r t s  in s p r i n g  in  L a k e  St. P i e r r e  a n d  c l o s e s  in  a u t u m n  in  

Rimouski .  F r o m  1960 to 1980, t h e  m e a n  a n n u a l  c a t c h  in  Q u e b e c  w a s  450 m e t r i c  tons ,  

n e a r l y  70 % of t h e  to ta l  c a t c h  in  C a n a d a ,  

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

mor t a l i t i e s  t a k e  p l a c e  in  t h e  St. L a w r e n c e .  F i s h e r m e n  c a t c h  m o r i b u n d  e e l s  t h a t  c a n n o t  b e  

so ld  to m a r k e t i n g  p l an t s .  H u n d r e d s  of e e l s  a re  s t r a n d e d  on  t h e  b e a c h e s .  F i s h e r m e n  

b e l i e v e  th i s  p h e n o m e n o n  g o e s  b a c k  at  l e a s t  to t h e  1960's.  T h e  m a x i m u m  i n t e n s i t y  w a s  
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r eached  b e t w e e n  1972 and 1974. Never the less ,  it is recurr ing and that is of concern to the 

industry. 
Hypotheses  to be  tes ted s t emmed  from three  ma in  considerations.  The St. Lawrence 

River is pol luted.  Thus, pol lu t ion  cannot  be ru led  out as par t ia l ly  contr ibut ing to 

mortality. However ,  based  on the p resence  and the immuni ty  of more than 20 species of 
fish in that  stretch of the St. Lawrence,  i nc lud ing  the sa lmon (Salmo salar) that is most 

sensi t ive  to pollut ion,  pol lu t ion  alone is not  a l ike ly  cause. Part icularly re levant  is the 

observa t ion  that  the mortal i ty  hits the ma tu r ing  eels  exc lus ive ly  though  immature  eels  

are also present  in that  stretch of the St. Lawrence .  Finally, the mortal i ty  has never  b e e n  
repor ted  from brackish  water.  Thus three  potent ia l  causes  have  b e e n  considered:  

bacter ia l  infection, viral  infection, and phys io logica l  stress re la ted  to the processes of 

matura t ion  and migrat ion.  Bacteria  have  b e e n  ru led  out as a potent ia l  cause (Dutil & 
Lallier, in prep.). Invest igat ions  on viruses are in progress.  This paper  examines  the 
possibi l i ty  that phys io logica l  disorders re la ted  to the  processes  of matura t ion  and to the 

passage  from f reshwater  to salt water,  measu red  as changes  in the concentrat ions of 
e lect rolytes  in the serum and the muscle,  lead  to such mortal i t ies  in the condit ions that 

p reva i l  in the St. Lawrence  River. 

MATERIAL AND M E T H O D S  

Samples  from f reshwater  were  col lec ted  in a commerc ia l  wei r  near  St. Nicolas in the 

summer  and fall of 1981 and 1982 (Fig. 1). St. Nicolas  is located 50 km from the highest  
point  of pene t ra t ion  of salt wa te r  in the St. Lawrence  Estuary. Samples  from brackish 
wate r  were  col lec ted  in a commerc ia l  we i r  near  Kamouraska  in the fall of 1981 (Fig. 1). 

Kamouraska  is located 100 km downs t ream from the h ighes t  point  of penet ra t ion  of salt 

water .  Sal ini ty  ranges  from 0 Too at St. Nicolas  to 22 %o at Kamouraska.  
St. Nicolas  samples  inc luded  both d i seased  and hea l thy  eels. Diseased  eels  are 

r ecogn izab le  by their  loss of skin p igmenta t ion ,  lack of react ion to touch and lack of 
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Fig. 1, Location of the collecting sites in St. Lawrence Estuary 
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coordination. There  are no means  to r ecogn ize  ear l ie r  s tages  in the disease.  Thus, 
several  mor ibund eels  d ied  as they were  b e i n g  t ransported to the laboratory. 

Kamouraska samples  inc luded  hea l thy  eels  exc lus ive ly  as there  are no known  ins tances  
of mortal i ty in this location, Transpor ta t ion to the laboratory took less than 2 h in all 

cases. 
In the laboratory, the eels  were  anaes the t i zed  in a solut ion of methyl  pen tyno l  (1 to 

2 ml per 1). Length (mm) and mass (g) were  measured .  Samples  of b lood (5 ml) were  

taken  from the dorsal aorta near  the heart .  Blood was  a l l owed  to clot and then  was 

centrifuged.  No blood was taken  from those d iseased  eels  that d ied  in transportat ion.  
Part of the gonad  was d issec ted  out, f ixed in Bouin 's  solut ion and  dehydra t ed  in 

methanol .  Tissues were  then  e m b e d d e d  in paraff in and 8 ~m slices were  p r epa red  on a 
rotatory microtome.  Slices w e r e  s ta ined wi th  hematoxy l in  and counter - s ta ined  with  

phloxine.  Sections were  moun ted  on a sl ide and e x a m i n e d  microscopica l ly  to de t e rmine  
the sex and state of maturity.  The  s tomach and in tes t ine  were  e x a m i n e d  for food. 

Specific e lect rodes  (Technicon S imul taneous  Mul t ip le  Analysis  Computer)  were  
used to measure  the serum concentra t ions  of sodium, chloride,  calcium, and potassium. 

Magnes ium concentra t ion was measu red  by photomet ry  (Perkin E lmer  Atomic  Absorp-  

tion Spec t rophotometer  Model  360). Osmola l i ty  was  measu red  with  an osmomete r  

(Advanced Instruments Osmomete r  Model  3L). Ion concentra t ions  are expressed  in 

mi l l i equ iva len t s  per  liter. 
Parietal  muscle  was dissected from the dorsal part  of the fish t ak ing  care to r emove  

the skin and bones.  Moisture  content  was  m e a s u r e d  on a 10 to 20 g musc le  sample  dr ied 

at 60 °C till constant we igh t  was ach ieved ,  Concent ra t ions  of sodium, calcium, potass ium 
and magnes ium were  de t e rmined  by photomet ry  (Perkin E lmer  Atomic  Absorpt ion  

Spect rophotometer  Mode l  603). Musc le  chlor ide was ca lcu la ted  from the p e r c e n t a g e  of 
muscle sodium chlor ide as de t e rmined  by the si lver nitrate method.  Results are ex- 

pressed in mi l l i equ iva len t s  per  k i log ram of water .  
Statistical tests inc luded  the Kruskal-Wall is  analysis  of var iance  and the Mann-  

Whitney U-test  (Siegel,  1956). Parametr ic  tests could not be  carr ied  out due  to 

he te rogene i ty  of the variances.  

RESULTS 

Though the three  ca tegor ies  of eels  di f fered in m e a n  leng th  and m e a n  w e i g h t  

(a = .01) (Table 1), they were  all exc lus ive ly  composed  of females.  These  had ma tu r ing  

Table 1. Mean size of the maturing eels collected in St. Nicolas and Kamouraska 

Eels Length (mm) Weight (g) Number of samples 

St. Nicolas 845 ___ 110 1390 ± 611 46 
(Moribund eels) 

St. Nicolas 754 ___ 53 831 4- 181 40 
(Freshwater controls) 

Kamouraska 916 --+ 77 1711 ----- 534 41 
(Salt water controls) 
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g o n a d s  as  c o n f i r m e d  b y  m i c r o s c o p i c  e x a m i n a t i o n  of g o n a d a l  t i s sues .  F u r t h e r m o r e ,  t h e r e  

w a s  n o  food  to b e  f o u n d  i n  t h e  s t o m a c h s  or  t h e  i n t e s t i n e s  as  is to b e  e x p e c t e d  f rom 

m i g r a t i n g  ee l s .  R e s u l t s  a r e  p r e s e n t e d  in  T a b l e  2 a n d  T a b l e  3. D a t a  for  1981 a n d  1982 

h a v e  b e e n  p o o l e d  as  t h e r e  w a s  n o  s t a t i s t i c a l  d i f f e r e n c e  b e t w e e n  y e a r s  (a  < .002), 

P a s s a g e  f r o m  f r e s h w a t e r  t o  s a l t  w a t e r  ( c o n t r o l s )  

P a s s a g e  of m a t u r i n g  e e l s  f r o m  f r e s h w a t e r  to  s a l t  w a t e r  r e s u l t e d  i n  a m a r k e d  i n c r e a s e  

i n  s e r u m  a n d  m u s c l e  s o d i u m  (18 a n d  26  %)  a n d  c h l o r i d e  (18 a n d  45 %). P o t a s s i u m  

c o n c e n t r a t i o n  d e c r e a s e d  i n  t h e  b l o o d  f r o m  2 .6  to  2.2 mEq/1  ( th i s  is  no 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 )  b u t  i n c r e a s e d  i n  m u s c l e  b y  20 %. T h e  c o n c e n t r a t i o n  of m a g n e s i u m  i n c r e a s e d  

i n  t h e  b l o o d  ( m o r e  t h a n  30  %)  w h i l e  t h e  c o n c e n t r a t i o n  of t h i s  i o n  i n  m u s c l e  r e m a i n e d  

r e m a r k a b l y  c o n s t a n t  a t  6.2 mEq/1.  F i n a l l y ,  t h e  c o n c e n t r a t i o n  of c a l c i u m  i n c r e a s e d  in  t h e  

s e r u m  (5.8 %)  a n d  d e c r e a s e d  i n  t h e  m u s c l e  f r o m  a h i g h  of 4.4 mEq/1  i n  f r e s h w a t e r  to a 

l o w  of 3.4 mEq/1  i n  s a l t  w a t e r .  

T h e s e  c h a n g e s  r e s u l t e d  i n  a n  i n c r e a s e  i n  s e r u m  o s m o l a l i t y  f rom 328  to 358  m O s m /  

kg .  M u s c l e  w a t e r  c o n t e n t  d e c r e a s e d  b y  2 % (c~ < .012) ( T a b l e  4). T h e  N a : K  ra t io  

m a r k e d l y  i n c r e a s e d  a n d  t h e  ( N a  + K) : C a  a n d  (Na  + K) : (Ca  + M g )  r a t i o s  b a r e l y  

i n c r e a s e d  i n  t h e  s e r u m .  T h e  s i t u a t i o n  is  r e v e r s e d  i n  m u s c l e  w h e r e  t h e  l a t t e r  t w o  ra t ios  

i n c r e a s e d  a n d  t h e  N a  : K r a t i o  r e m a i n e d  c o n s t a n t  ( T a b l e  5 a n d  T a b l e  6). 

Table  2. Mean,  s tandard deviat ion and  range  of serum electrolyte concentrat ions in three categories 
of matur ing  eels, f reshwater  controls (FC), sea water  controls (SC) and  mor ibund  eels (FM), and  

probabi l i ty  levels of homogeneous  means  or dis t r ibut ions be tween  these categories 

Parameter  FC SC FM Kruskal Mann-Whi tney  U-test 
Wallis 

FC-SC-FM FC-SC FC-FM SC-FM 

Na + 152.6_+26.2 
mEq/1 (40-168) 

38 

C1 - 116.7 -+ 22.6 
mEq/1 (15-134) 

39 

K + 2 .60±I .50  
mEq/1 (0.4-5.6) 

38 

Mg + + 3.297 _+ 0.437 
mEq/1 (1,98-4.15) 

39 

Ca + + 13.69 _+ 2.73 
mEq/1 (6.0-21.4) 

40 

Osmolal i ty 327.9 ± 19.4 
mOsm/kg  (300-406) 

35 

179.3±6.5 124.9-+18.0 < .001 <.0001 <.0001 <.0001 
(156-192) (105-168) 

41 27 

137.4±7.1 69,3-+22.3 <.001 < . 0 0 0 I  <.0001 <.0001 
(112-149) (42-118) 

41 26 

2.21-+1.09 5 .77±2.68 <.001 .3614 <.0001 ~.0001 
(0.5-5.6) (0.9-13.4) 

41 27 

4.390-+0.505 3.696-+0.834 <,001 <.0001 .1532 <,0001 
(2.90-5.07) (2.79-6.38) 

40 27 

14.49--+1.98 13.72___1.69 
(8.1-19.7) (10~8-17.5) 

41 27 

358.3 ± 12.4 269.9 -+ 32.6 
(324-379) (217-334) 

41 23 

< .050  .0352 .6744 .0870 

<.001 <.0001 <.0001 <.0001 
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Table 3. Mean, s tandard deviat ion and  range  of muscle electrolyte concentrat ions in three  
categories of matur ing  eels, f reshwater  controls {FC), sea  water  controls {SC) and  mor ibund  eels  

(FM), and  probali l i ty levels of homogeneous  means  or dis tr ibut ions be tween  these  categories 

Parameter  FC SC FM Kruskal Mann-Whi tney  U-test 
Wallis 

FC-SC-FM FC-SC FC-FM SC-FM 

Na + 23.4+6.1 29.6+6.9 21,2+3.9 < .001 .0002 .3918 <.0001 
mEq/kg  (16.4-42,3) (16.8-41.6) (14,4-30,0) 

40 39 27 

C1- 29.1+5.4 42 .3+4,2  38.1_+13.0 <.001 <,0001 .0008 .0202 
mEq/kg (20.9-43,2) (33.1-50.8) (15,5-62.6) 

40 39 27 

K + 86.7_+10,3 103.7_+14.9 71,6+14.0 <.001 <.0001 <.0001 <.0001 
mEq/kg (68.3-111.3) {78.1-132,4) (52,2-108.9) 

40 39 27 

Mg ++ 6.2-+0,9 6.2_+0.7 4 ,8+1.3  <.001 .7836 <.0001 <.0001 
mEq/kg (3.9-9.4) (4.4-7.6) {2,5-10,1) 

40 39 27 

Ca ++ 4.4-+1.1 3 ,4+1.8  4 .0+1.2  < .010  ,0016 .1158 .0876 
mEq/kg (1.9-7.0) (0.2-8.3) (1.5-7.7) 

40 39 27 

Table 4. Muscle water  content  (%) in three  categories of matur ing  eels: f reshwater  controls (FC), sea 
water  controls (SC) and  mor ibund  eels (FM) 

Category Mean  Range N u m b e r  of eels 

FC 63.7 _+ 2.5 6 1 . 2 -  66.2 40 
SC 61.8 _+ 3.6 5 8 . 2 -  65.4 39 
FM 64.0 _+ 6.0 5 8 . 0 -  70.0 27 

M o r i b u n d  e e l s  

E l e c t r o l y t e  c o n c e n t r a t i o n s  i n  t h e  m o r i b u n d  e e l s  d i f f e r e d  m a r k e d l y  f r o m  t h o s e  of t h e  

f r e s h w a t e r  con t ro l s .  T h i s  is r e f l e c t e d  b y  t h e i r  h a v i n g  a l o w e r  s e r u m  o s m o l a l i t y  (270 

m O s m / k g )  t h a n  t h e  f r e s h w a t e r  c o n t r o l s  (328 m O s m / k g ) .  T h i s  30  % v a r i a t i o n  r e s u l t e d  

f rom low s o d i u m  a n d  l o w  c h l o r i d e  c o n t e n t s  i n  m o r i b u n d  ee l s .  T h e r e  w a s  a c o n c u r r e n t  

i n c r e a s e  in  p o t a s s i u m  c o n c e n t r a t i o n  f r o m  2.6 to 5.8 mEq/1  i n  m o r i b u n d  ee ls .  T h e r e  w a s  

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

t he  c o n t r o l s  a n d  t h e  m o r i b u n d  ee l s .  

T h e r e  w e r e  a l so  v a r i a t i o n s  i n  m u s c l e  i o n  c o n c e n t r a t i o n s .  N o  v a r i a t i o n  t o o k  p l a c e  i n  

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

m o r i b u n d  ee l s  t h a n  in  f r e s h w a t e r  con t ro l s :  38.1 m E q / 1  a n d  29.1 mEq/1  r e s p e c t i v e l y .  T h a t  

v a l u e  w a s  c lose  to t h e  h i g h  42 .3  mEq/1  for  s a l t  w a t e r  con t ro l s .  P o t a s s i u m  a n d  m a g n e s i u m  
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Table 5, Mean, standard deviation and range of serum electrolyte ratios in three categories of 
maturing eels, freshwater controls (FC), sea water  controls (SC) and moribund eels (FM), and 

probability levels of homogeneous  means or distributions be tween these categories 

Para- FC SC FM Kruskal Mann-Whitney U-test 
meter Watlis 

FC-SC-FM FC-SC FC-FM SC-FM 

Na: K 86.41-+57.06 109.25-+75.15 31.77+34.22 ~.100 .0484 ~.001 ~.001 
(27.32-203.75) (31.43-376.00) (9.55-178.89) 

38 40 27 

(Na +K):  11.63±2,13 12.76-+1.76 9.67-+1.77 ~.001 .0278 ~.001 ( .001  
Ca (2.96-14,45) (9.74-19.68) (7.23-14.46) 

38 40 27 

(Na+K): 9.29+1.64 9.72_+1.00 7.60_+1.34 ( . 0 0 1  .5030 ( . 0 0 1  ( . 091  
(Ca-+ Mg) (2.45-11.46) (7.75-13.52) (5.81-11.33) 

38 40 27 

Table 6. Mean, standard deviation and range of muscle electrolyte ratios in three categories of 
maturing eels, freshwater controls (FC), sea water controls (SC) and moribund eels (FM), and 

probability levels of homogeneous  means or distribution be tween these categories 

Para- FC SC FM 
meter  

Kruskal Mann-Whitney U-test 
Wallis 

FC-SC-FM FC-SC FC-FM SC-FM 

Na: K 0,27_+0.08 0.28--+0,05 0.31-+0.07 <,100 .1580 .0462 ,1730 
(0,17-0,55) (0,20-0.41) (0.15-0.41) 

40 39 27 

(Na+K): 26.65-+7,88 69.65_+114.0 25.18-+8.64 <:,001 ( . 0 0 1  .4356 ( .001  
Ca (15.09-53.52) (18.11-725.19) (12.79-53.05) 

40 39 27 

(Na÷K): 10.65_+2.08 14.56_+3.67 10.90-+2.57 ( . 001  ~ .001 .7396 ( .001  
(Ca+ Mg) (7,00-15.70) (8.79-23.27) (6.21-17.19) 

40 39 27 

c o n c e n t r a t i o n s  w e r e  l o w e r  by  18 a n d  22 % in  m o r i b u n d  ee ls .  F ina l ly ,  t h e r e  w a s  a smal l  

r e d u c t i o n  in  m u s c l e  c a l c ium,  b u t  t h a t  is no t  s t a t i s t i ca l ly  s ign i f i can t .  

M u s c l e  w a t e r  c o n t e n t  w a s  t h e  s a m e  in  b o t h  c a t e g o r i e s  (Table  4) as w e r e  t he  Na  • K, 

(Na + K) : Ca  a n d  (Na + K) : (Ca 4- Mg)  ra t ios ,  H o w e v e r  t h o s e  ra t ios  w e r e  m u c h  l o w e r  

in  t h e  b l o o d  of m o r i b u n d  e e l s  t h a n  in  t ha t  of f r e s h w a t e r  a n d  sa l t  w a t e r  con t ro l s  (Table  5 

a n d  T a b l e  6), 

D I S C U S S I O N  

T h e i r  c a t a d r o m o u s  m i g r a t i o n  t a k e s  t h e  m a t u r i n g  e e l s  f rom a n  e n v i r o n m e n t  of low 

sa l t  c o n c e n t r a t i o n  to  an  " e n v i r o n m e n t  of h i g h  sa l t  c o n c e n t r a t i o n ,  F r e s h w a t e r  e e l s  m u s t  
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make for the pene t ra t ion  of water  through their  gills. Minera l  ba l ance  is m a i n t a i n e d  by 
renal  loss (Sharratt et al., 1964) and, to replace the minera ls  lost through the kidneys,  by 
the absorpt ion of minera ls  through the gills (Krogh, 1939; Bel lamy & Chester  Jones, 
1961; Chester Jones et al., 1962; Motais, 1966) and  through the intest ine.  Passage to salt 
water  results in  the loss of water  through the gills. This is ba l anced  by the inges t ion  of 
salt water, the product ion of a scanty and  h ighly  mine ra l i zed  ur ine  (Sharratt et a l ,  1964) 
and the excret ion of salts through the gills (Bellamy, 1961; Motais, 1966; Smith, 1930). 
Part of the excess sodium and  chloride is excreted through Na/Na and  C1/C1 exchanges  
in the gills. The rate of exchange  is a funct ion of sodium and  chloride concentra t ions  in 
the envi ronment .  However,  this is not so in  the case of the hormonal ly-cont ro l led  
excretion of sodium and  chloride in  the ma tu r ing  eels (Motais, 1966). 

The hormonal ly-control led  mechan i sms  that  regula te  ion concent ra t ion  in ma tu r ing  
eels in salt water, are set up in freshwater as part  of the processes of matura t ion  
(reviewed by Fontaine,  1975). Transfer of ma tu r ing  eels to salt water  in laboratory 
condit ions resul ted in  l imited increases  in  the p lasma osmotic concent ra t ion  and  in  the 
plasma and muscle  ion concentrat ions,  and  in  l imi ted decreases in  the proport ion of 
water in  muscle (Homes & Donaldson,  1969; Love, 1970). The changes  measured  in  this 
study be tween  the freshwater controls and  the salt water  controls in the field corroborate 
these conclusions. Some of the ma tu r ing  eels however  fail to ma in t a in  their  minera l  
ba lance  in freshwater as shown by the extremely low serum osmolal i ty of mor ibund  eels 
(270 mOsm/kg).  This concurs to expla in  their  passivi ty (Bertin, 1956; Fontaine ,  1975). 
This value is close to that  measured  by Schmidt -Nie l sen  & Renfro (1975) in starved 
Anguilla rostrata, and  is much lower than  measured  in the freshwater  controls (328 
mOsm/kg),  or in A. anguilla (346 mOsm/kg)  by Portier & Duval  (1922). That  low value  
resul ted from a marked  loss of sodium and  more par t icular ly  chloride, and  a concurrent  
increase in extracel lular  potass ium in the blood. M a g n e s i u m  and  calc ium concentra t ions  
in serum are not re levant  parameters  in this context. Though  the pe rcen tage  water  
remained  constant, the muscle  electrolyte concentra t ions  decreased in  genera l  except 
chloride that marked ly  increased in  mor ibund  eels. The me c ha n i sm  for that increase  is 
not known.  

There is a remarkab le  var ia t ion in  m e a n  length  b e t w e e n  the freshwater  controls and  
the salt water controls. This is the result  of l eng th- re la ted  variat ions in d is t r ibut ion or in 
time of migrat ion to sea, or of var iabi l i ty  in gear  selectivity b e t w e e n  St. Nicolas and  
Kamouraska.  Diseased eels behave  in a non  length- re la ted  manner :  their  m e a n  length  is 
half way be tween  those of freshwater  and  salt water  controls and  their  lengths  are much  
more variable.  

These results, par t icular ly as concerns  the very low chloride concent ra t ion  in the 
blood of mor ibund  eels, substant ia te  the content ion  that mortal i ty must  be related to the 
failure in some of the matur ing  eels to m a i n t a i n  their  minera l  ba lance  in  the na tura l  
si tuation (Tucker, 1959). Should the catadromous migra t ion  start from remote locations 
or be  blocked by  physical  or chemical  barriers,  the hormonal ly-cont ro l led  processes 
could result  in excessive minera l  loss. There  is no me c ha n i sm  in  the eel  to take up 
chloride through the gills (Krogh, 1937; Motais, 1966) and  there is no nut r i t iona l  ga in  of 
chloride in matur ing  eels due to physiological  fast. There are also indica t ions  that 
chloride cells (the cells responsible  for the excret ion of excess NaC1 in  salt water) 
proliferate as the matur ing  eel is still in  freshwater  (Fontaine,  1975). The histological  
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e x a m i n a t i o n  of t h e  gi l l  l a m e l l a e  h a s  r e c e n t l y  s h o w n  t h e  c h l o r i d e  ce l l s  to b e  p r e s e n t  in  

t h e  d i s e a s e d  e e l s  b u t  no t  in  t h e  h e a l t h y  e e l s  in  f r e s h  w a t e r  (Dutil,  in  prep . ) .  

T h e  m e c h a n i s m  t h a t  l i n k s  m i n e r a l  loss  to m o r t a l i t y  is  n o t  k n o w n .  H o w e v e r ,  m a t u r a -  

t i on  is k n o w n  to b e  r e v e r s i b l e .  T h u s  m a t u r i n g  e e l  m o r t a l i t i e s  s u c h  as t a k e  p l a c e  in  t he  St. 

L a w r e n c e  E s t u a r y  a r e  no t  c o m m o n .  T h e  s o l u t i o n  ca l l s  for  a t h i r d  v a r i a b l e  r e l a t e d  to 

m a t u r a t i o n  in  f r e s h w a t e r .  M i n e r a l  loss  c o u l d  b e  t h e  i n t e r m e d i a t e  in  a s e r i e s  of p h y s i o l o g -  

ica l  d i s o r d e r s  r e s u l t i n g  in  mor ta l i ty ,  or  m i n e r a l  loss  c o u l d  b e  t h e  r e l e a s i n g  m e c h a n i s m  

t h a t  r e s u l t s  in  m o r t a l i t y  t h r o u g h  i n t e r m e d i a t e  p h y s i o l o g i c a l  d i s o r d e r s  in  t he  p a r t i c u l a r  

c o n d i t i o n s  t h a t  p r e v a i l  in  t h e  St. L a w r e n c e  Es tua ry .  
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