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Summary
Carp eggs, fertilized in vitro, were allowed to develop in fresh water with 

magnesium concentrations varying from 0.001 to 0.100m m oll-1 . Magnesium 
concentrations below 0.010 mmol I“ 1 seriously impeded carp embryonic develop
ment: the incidence of deformed larvae and mortality increased steeply to 100% 
at water magnesium concentrations of 0.001 mmol l” 1. Thus, early life stages of 
carp require ambient magnesium for survival and successful development. The 
magnesium and calcium concentrations of the developing eggs were dependent on 
the ambient magnesium concentration. The uptake of magnesium by eggs 
decreased and the uptake of calcium increased with decreasing ambient mag
nesium concentrations. However, the uptake of the sum of these divalent ions 
seemed to be independent of ambient magnesium concentration. This indicates a 
competition between magnesium and calcium for (passive) uptake into developing
eggs-

Introduction
M agnes iu m  is the  m ost a b u n d a n t  in trace l lu la r  d iva len t cation  and  in the 

eu k a ry o t ic  cell it plays a cen tra l  role in m any  cellu lar processes .  F o r  ins tance , 
m agnes ium  has b een  im plica ted  in the  activation  o f  a large n u m b e r  o f  enzym es,  in 
h o rm o n a l  signalling fea tu re s ,  in p ro te in  synthesis  and  in cell division (A lvarez-  
L ee fm an s  et al. 1987).

O u r  recen t  s tud ies  on  adu lt  f re sh w a te r  fish po in t  to  the  p resence  of m agnes ium  
regu la to ry  m echan ism s (van d e r  V elden  et al. 1989). M agnes ium  is an essential 
n u tr ien t  for fish an d ,  a l though  adu lt  fish take  up m agnes ium  from  the w a te r  via the  
gills (van d e r  V elden  et al. 1991/?), in testinal m agnes ium  u p tak e  is of p r im ary  
im p o r tan c e  for g row th  and  hom eostas is  (van d e r  V elden  et al. 1990).

In this s tudy  we focus on the  effects o f  low m agnes ium  levels in the am b ien t
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432 J. A. v a n  d e r  V e l d e n  a n d  o t h e r s

w ate r  on  the d e v e lo p m e n t  o f  carp  eggs fertilized in vitro. Fish eggs con ta in  
significant a m o u n ts  o f  m agnes ium  and  it is th o u g h t  tha t  som e o f  it is assoc ia tedC? C? C?
with the  yolk (H ay es  et al. 1946). T h e re fo re ,  the  yolk m ay  serve as a m ag n es iu m  
source  for  the  deve lop ing  em b ry o .  H o w e v e r ,  the n u m b e r  o f  cells increases rapidly  
b e fo re  ha tch ing  and  it does  not seem  too  im p ru d e n t  to p o s tu la te  th a t  deve lo p ing  
fish eggs m ust ex trac t  m ag n es iu m  from  the a m b ie n t  w a te r  to supply  these  cells with 
this essentia l e lem en t .

We used carp  eggs to eva lua te  the  d e p e n d e n c e  on a m b ie n t  m ag n es iu m  of the 
early  life stages of fish tha t  are no t yet feeding.

Materials and methods
In vitro  fertilization

A dult  ca rp ,  Cyprinus carpio L . ,  w eighing  1 -2  kg, w ere  held  at 2 3 °C in N ijm egen  
tap  w a te r  con ta in ing  a ro u n d  0.2 m m ol l“ 1 m agnes ium . C a rp  g am e te s  w ere  
o b ta in e d  th ro u g h  h o rm o n a l  induc tion  of  ovu la tion  and  sp e rm ia t io n  by in t ra m u s 
cular  in jection of  carp  p itu i ta ry  p o w d e r  (C h a u d h u r i ,  1976) su sp e n d ed  in 0 .9 %  
NaCl so lu tion . G a m e te s  of bo th  sexes w ere  s t r ipped  an d  m ixed  in glass Petri 
dishes. Ferti l iza tion  was induced  by the  add it ion  of  w a te r  (2 3 °C). A f te r  5 m in  of 
incuba tion ,  the  eggs w ere  r insed  and  the d ishes, each  con ta in ing  ap p ro x im a te ly  
300 eggs, w ere  p laced  in an ex p e r im en ta l  unit. E very  e x p e r im en ta l  unit had  five 
incuba tion  c h a m b e rs  con ta in ing  41 of m e d iu m ,  in which the Petri d ishes with eggs 
w ere p laced , and  a rese rvo ir  con ta in ing  a n o th e r  201 of m e d iu m . T h e  ex p e r im en ta l  
m ed iu m  was rec ircu la ted  by p u m p s  th ro u g h  this ex p e r im en ta l  unit. T h e  w a te r  in 
the  basin was kep t at p H  7 .8 ± 0 .1  by con tro l led  add it ion  of 0.01 m o ll  1 H 2S 0 4 
using p H -s ta t  e q u ip m e n t .  T he  w a te r  was th e rm o s ta t te d  at 23°C an d  was i r rad ia ted  
with u ltrav io le t  light be fo re  it r e -e n te re d  the basin to inhibit  the  d e v e lo p m e n t  of 
fun si.

Exp er i mental med i a

T he ex p e r im en ta l  m ed ia  co n ta in ed  0 .0 6 m m ol I 1 K C 1, O .S m m o l l -1 C a C l2, 
3.5 m m ol P 1 NaCl and  0.33 m m o l” 1 N aH C O ;,  in d em in era l ized  w ate r .  T o  m a n ip u 
late the m agnes ium  c o n cen tra t io n  of the m ed ia ,  g raded  a m o u n ts  o f  M g S O . w ere  
ad d ed .  Inductively  coup led  p lasm a a tom ic  em ission  sp e c tro m e try  ( IC P -A E S )  
analysis (p lasm a 200, In s t ru m e n ta t io n  L a b o ra to ry )  of the  m ed ia  thus  o b ta in ed  
y ie lded values fo r  m agn es ium  c o n ce n tra t io n  of  0.001, 0.004, 0.007, 0.010, 0.020 or  
0 .1 0 0 m m ol 1” All m ed ia  w ere  set at 0.1 m m ol l -1 su lpha te  using N a 2S 0 4. T he  
w a te r  m agnes ium  co n cen tra t io n s  varied  w ithin  10 % of the no m in a l  co n cen tra t io n s  
during  the in cuba tio n  p e r io d ,  as d e te rm in e d  a f te rw ard s  (see below ).

Experimental procediire
All ex p e r im en ta l  m ed ia  w ere  th e rm o s ta t te d  at 2 3 °C. T h e  a p p e a ra n c e  of 

em bryon ic  stages with time u n d e r  con tro l cond it ions  is thus essentially  the  sam e as 
recently  re p o r te d  for the sam e species by O yen  et al. (1991). A f te r  the ferti l ization
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p ro c e d u re ,  unferti l ized  eggs w ere  re m o v e d  and  the n u m b e r  o f  fertilized eggs 
(a ro u n d  1500) p e r  ex p e r im en ta l  m e d iu m  was assessed. E very  12 h until the end  of 
the  e x p e r im e n t  (up  to 170 h a f te r  ferti l iza tion) d e ad  and m ouldy  eggs an d ,  la te r  on ,  
d ead  larvae  w ere  c o u n te d  and  rem o v ed .  Fifty hou rs  a f te r  ferti l ization , the ra te  o f  
tail m o v e m e n t  (bea ts  m in - 1) was d e te rm in e d  for  20 em b ry o s  in each ex p e r im en ta l  
g roup .  As soon  as h a tch ing  was o b se rv ed ,  the  n u m b e r  of d e fo rm e d  larvae was 
assessed every  6 h until all larvae had  h a tch ed .  T h e  identif ication  of  d e fo rm e d  
larvae was based  on gross m acroscopica l a p p e a ra n c e .  L arvae  w ere  des igna ted  as 
d e fo rm e d  if they  w ere  slightly crescent-  to a lm ost co rksc rew -shaped .  T he  
p e rcen tag e  d e fo rm a t io n  was expressed  as the  ra tio  o f  the n u m b e r  of  d e fo rm e d  
larvae to  the to ta l n u m b e r  o f  larvae h a tch ed .  A b o u t  10 h a f te r  ha tch ing  the n u m b e r

w

o f  p ig m en ted  cells on one  side o f  the la teral a b d o m in a l  skin o f  20 larvae was 
d e te rm in e d  using a b in o cu la r  m icroscope . F u r th e rm o re ,  the f requency  of  the  h ea r t  
b e a t ,  the  o ccu rrence  of  em bolism  and  the p resence  of  tissue necrosis  w ere  no ted .  
T h ro u g h o u t  the  e x p e r im e n ts  5 ml w a te r  sam ples  w ere  taken  from  the ex p er im en ta l  
units  every  24 h to assess the  m agnes ium  co n cen tra t io n  by IC P -A E S  analysis.

In a paralle l e x p e r im e n t ,  the  m inera l  co n te n t  o f  the  eggs u n d e r  the  ex p er im en ta l  
cond it ions  was d e te rm in e d .  Petri d ishes with a b o u t  30 eggs w ere  p laced  in each 
e x p e r im e n ta l  m ed iu m . A f te r  6 , 24, 48, 63 and  76 h a dish was rem o v ed  and  25 eggs 
w ere  w eighed , lyophilized  and  w eighed  again to assess w a te r  co n te n t  and  dry mass 
o f  the  sam ples .  3 0 0 //I o f  c o n c e n tra te d  H N O 3 was then  ad d ed  to the  d r ied  eggs. 
A f te r  2 4 h, 1 ml o f  d em in e ra l ized  w a te r  was ad d ed  and  m ixed and  l m l  of this 
so lu tion  was ad d ed  to 3 ml o f  d em in era l ized  w ater .  T h e  total m ag n es iu m , calciumC?
and  sod ium  c o n ce n tra t io n s  w ere  m e a su re d  by IC P -A E S .

Statistics
D a ta  in the  text are  p re se n te d  as m e a n  values ±  the  s ta n d a rd  dev ia t ion ,  unless 

o the rw ise  s ta ted .  D a ta  w ere  analyzed  statistically using S tu d e n t 's  r-test o r  the 
M a n n - W h i tn e y  U-tes t,  w here  a p p ro p r ia te .  Statistical significance w'as accep ted  at 
the 5 % level.

Results
T he  m agnes ium  and  calcium  co n cen tra t io n s  of  the eggs a f te r  6 h of  exposu re  to 

the e x p e r im en ta l  m ed ia  h ad  not changed  significantly and  w ere  a ro u n d  30 and  
17 m m ol k g -1 dry m ass, respectively . 7 6 h a f te r  ferti l iza tion , eggs exposed  to 
0.1  m m ol I-1 m agnes ium  had  increased  the ir  m ag n es iu m  co n cen tra t io n  to 
5 8 ± 3 m m o l k g _1 and  the ir  calcium c o n ce n tra t io n  to 3 4 ± 5 m m o l k g _1 (N = 3). A  
c o n c e n t ra t io n -d e p e n d e n t  inh ib ition  o f  this m ag n es iu m  u p tak e  was o bse rved  with 
decreas ing  w a te r  m ag nes iu m  levels (Fig. 1). A t O .lO O m m oll-1 m agnes ium  in the 
w a te r ,  the egg m agnes ium  c o n cen tra t io n  a lm ost d o u b led  from a ro u n d  30 to

V-»-

58 m m ol k g - 1 b e tw een  6 and  76 h a f te r  ferti lization. A t 0.010 m m ol 1” 1 m agnes ium  
in the w a te r ,  this inc rease  was a ro u n d  7 0 %  and  at 0 .0 0 4 m m ol P 1 only a ro u n d  
2 5 % .  In co n tra s t ,  calcium  u p ta k e  increased  w ith  decreas ing  a m b ie n t  m agnes ium
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Ti me  af ter  fert i l izat ion (h)

Fig. 1. The mean magnesium concentration ( +  standard error o f  the mean) o f  eggs (in 
mmol kg-1 dry mass) versus time after fertilization of the eggs (in h) during d eve lop 
ment in different ambient magnesium concentrations ( • ,  0.004; ■ ,  0.010; 
0.100 mmol I- 1 ). The number o f  experiments is 3; the number o f  eggs measured per 
determination is 25.

levels (Fig. 2). T h e  calcium co n cen tra t io n  of  the  eggs d o u b led  at 0.1 m m ol I-1  and  
increased  a ro u n d  fourfo ld  at 0.004 m m ol l -1 m ag n es iu m  in the w ater .  T h e  sod ium  
co n cen tra t io n  in the  eggs a f te r  6 h o f  ex p o su re  was 122±  10 m m ol k g - 1 (N=  18) and  
had  increased  a f te r  76 h o f  exposu re  to 189±37 m m ol k g “ 1 (N=  18). T h e  sod ium  
co n cen tra t io n  of  the  eggs was no t affected  by the  ex p e r im en ta l  cond it ions .  T h e  
w a te r  co n ten t  o f  the  eggs was not affected  by any of the  ex p e r im en ta l  m ed ia  and  
was 8 3 ± 4 %  (N=43). T h e  dry m ass ( 0 .6 6 ± 0 .1 m g  p e r  egg; N = 6 ) o f  the eggs did 
no t  change .

T he  m orta l i ty  o f  em b ry o s  and  larvae and  the  incidence  o f  d e fo rm e d  larvae 
u n d e r  the  ex p e r im en ta l  cond it ions  are  show n in Table  1. A t a m ag n es iu m  
co n cen tra t io n  of  0.1 m m ol I-1 in the  w a te r ,  no m orta l i ty  and  essentially  no 
d e fo rm e d  larvae ( 1 ±  1 % )  w ere  o b se rv ed  up to 170h a f te r  ferti l ization . B o th  the 
m orta l i ty  and  relative n u m b e r  o f  d e fo rm e d  larvae increased  with a decrease  in 
am b ien t  m agnesium  c o n ce n tra t io n ,  lead ing  to 100%  m orta l i ty  and  9 6 ± 3 %  
d e fo rm e d  larvae at a m agnes ium  c o n cen tra t io n  of  0.001  m m ol I- 1 .

T h e  f req uency  o f  tail m o v e m e n ts  o f  em b ry o s  just be fo re  ha tch ing  and  the 
p ig m en ta t io n  of larvae are show n in Table  2. B o th  these  variab les  d e c rea sed  w hen  
the egg and  larval stages w ere  ex p o sed  to w a te r  with a low m agnes ium  
co n cen tra t io n .  F u r th e rm o re ,  we o b se rv ed  tha t  larvae exposed  to w a te r  with a very 
low m agnes ium  co n cen tra t io n  (0.001  m m ol I- 1 ) h a d  a very low h ea r t  ra te ,  show ed
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T i m e  af ter  fert i l izat ion (h)

Fig. 2. The mean calcium concentration ( +  standard error of the mean) o f  eggs (in 
mmol kg-1 dry mass) versus time after fertilization o f  the eggs (in h) during develop
ment in different ambient magnesium concentrations ( • ,  0.004; ■ ,  0.010; ▲, 
0 .1 0 0 m m ol 1_ I ). The number o f  experiments is 3; the number of eggs measured per 
determination is 25.

T able  1. Mortality o f  carp embryos and larvae and the percentage o f  deformed  
larvae after exposure to different ambient magnesium levels from  fertilization until

170 h after fertilization

[M g--]  
(m m oll  ')

Mortality

(%)

Deform ation
(% )

0.001 100 ± 0 9 6 ± 3
0.004 74 ± 4 5 62 ± 2 0
0.007 41 ± 5 2 8 ± 8
0.010 4 ± 7 19 ± 2 7
0.020 0 ± 0 2 ± 1
0.100 0 ± 0 1 ± 1

The values represent the mean o f  three separate experiments ±  standard deviation (for details 
see Materials and m ethods).

em bolism  an d ,  upon  light m icroscopical o b se rv a t io n ,  necrosis  o f  b ra in  tissue and  
muscle (d a ta  no t show n).

Discussion
O u r  results  show  tha t  for the d e v e lo p m e n t  o f  carp  low levels o f  m agnes ium  in
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Table  2. The frequency o f  tail movements just before hatching and the pigmentation 
(the number o f  observed pigmented cells on one side o f  the lateral abdominal skin) 

10 h after hatching o f  carp exposed to different ambient magnesium levels

[Mg: + ] 
(m m oll  l)

Tail m ovem ents  
(beats m in- 1 )

Pigmentation  
(relative density)

0.001 2 ± 2 0 ± 0
0.004 3 ± 3 1± 2
0.007 3 ± 4 5 ± 4
0.010 S ± 7 9 ± 7
0.020 10 ± 9 12±S
0.100 24 ± 3 2 6 ± 7

The values represent the mean of 60 observations ±  standard deviation.

the  a m b ien t  w a te r  (critical low er level a ro u n d  0.01 m m ol I- 1 ) are essentia l .  A t 
m ag n es iu m  levels below  0.01  m m o l I- 1 , d e fo rm a t io n ,  tissue necrosis  and  dea th  
w ere  obse rved  in early  life stages. As the  eggs did not loose m ag n es iu m , the 
m agn es ium  p resen t  in the yolk and  peri vitelline fluid does  not suffice fo r  successful 
d e v e lo p m e n t  o f  the egg. O u r  d a ta  show  th a t  in deve lop ing  eggs the  m ag n es iu m  
co n cen tra t io n  increased . C o n seq u en t ly ,  th e re  is u p tak e  of  m ag n es iu m  from  the 
w ater .  A p p a re n t ly ,  at w a te r  m ag n es iu m  levels be low  0.01 m m ol I-1 the  a c c u m u 
lation o f  m agnes ium  is h a m p e re d  and  d e v e lo p m e n t  is r e ta rd e d  (Fig. 1; Tables  1,
2). T h u s ,  early  life stages of carp  requ ire  m agn es ium  from  the w a te r  fo r  survival. 
T he  e lem en ta l  co n cen tra t io n s  we found  for  carp  eggs (30, 17 and  122 m m ol k g -1 
fo r  m ag n es iu m , calcium  and  so d iu m , respectively) are close to values found  by 
C he tty  and  A garw al (1984) for eggs of  the  sam e species. T h ey  re p o r te d  
m ag n es iu m , calcium and  sod ium  co n cen tra t io n s  in the eggs o f  a b o u t  35, 25 andDC
109 m m ol k g - 1 dry  mass, respectively .

T he  u p tak e  of  ions from  the w a te r  m ay be driven  by the periv ite lline  p o ten t ia l  
(P e te rso n  and  M a r t in -R o b ic h a u d ,  1986), by ion exchange  (S h e p h a rd ,  1987), 
directly by a t ran sp o r t in g  enzym e o r  by any co m b in a t io n  of  these . A ssum ing  tha t  
all m agn es ium  and  sod ium  in the  w a te r  are  in the ir  ionic fo rm  and  tha t  the 
equ il ib r ium  p o ten t ia l  V  b e tw een  periv ite ll ine  fluid and  am b ien t  w a te r  fo r  eggs o f  
carp  is c o m p a ra b le  to  tha t  for  eggs o f  f re sh w a te r  A tlan tic  sa lm on  (Salmo salar L.) 
u n d e r  the cond it ions  given (P e te rso n  and  M a r t in -R o b ic h a u d ,  1986; E d d y  et al.
1990), V will be a ro u n d  — 4 0 m V . C alcu la ting  the  equ il ib r ium  m agnes ium  
c o n ce n tra t io n  in the periv ite ll ine  fluid (C¡) at an a m b ien t  m agnes ium  c o n c e n 
tra tion  (C c ) of 0.1 m m ol I" 1 using the N e rn s t  e q u a t io n ,  V = (2 .3R T /zF )\og(C 0/C\)
or, at equ il ib r ium , V = —291og(C0/C j ) ,  we arrive at a value o f  2.3 m m ol 1“ . T h e  
m agnes ium  co n cen tra t io n  m e a su re d  in w hole  eggs was 5.1 m m ol l“ 1. H o w ev er ,  by 
analogy  with cytosolic cond it ions ,  the free m agnes ium  c o n c e n tra t io n  in the egg is' w cc?
p re d ic te d  to be m uch  low er than  the total m ag n es iu m  c o n ce n tra t io n .  Wc conclude  
th a t ,  at an a m b ien t  m ag nes iu m  co n cen tra t io n  o f  0.1  m m ol l“ 1, m agnes ium  
t ra n sp o r t  driven  by the e lec trochem ica l po ten tia l  d ifference  is possible . A t an



am b ien t  m ag n es iu m  co n cen tra t io n  of  0.01  m m ol I- 1 , we calculate  an equ il ib r ium  
c o n ce n tra t io n  of  0.23 m m ol l“ 1. U n d e r  these  cond it ions  m agnes ium  tran sp o r t ,  
d riven  by the e lec trochem ica l  p o ten t ia l  d iffe rence ,  is unlikely. In the  case o f  an 
am b ien t  m ag nes iu m  c o n ce n tra t io n  of  0.004 m m ol I- 1 , the  equ il ib r ium  c o n c e n 
tra t ion  is 0 . 0 9 m m o l l _1 and  p o ten t ia l-d r iven  m agnes ium  t ra n sp o r t  will be negli
gible. T h e  above  reason ing  m ay explain  the d a ta  p re se n te d  in Fig. 1, w here  we 
show  tha t  an a m b ien t  m agnes ium  co n cen tra t io n  of  0.004 m m ol I-1 inhibits 
m ag n es iu m  u p tak e  from  the  w a te r  a lm ost com plete ly .

A  re m a rk a b le  p h e n o m e n o n  o b se rv ed  was the  s t im ula tion  of  calcium u p tak e  in 
eggs by decreas ing  a m b ie n t  m agnes ium  levels (Fig. 2). T h e  decrease  in m agnes ium  
u p tak e  was a lm ost c o m p e n sa te d  by the increase  in calcium u p tak e .  In o th e r  w ords ,  
the increase  in the  sum  of m agnes ium  and  calcium  co n ten ts  a p p e a re d  to be 
in d e p e n d e n t  o f  the m agnes ium  c o n te n t  o f  the  am b ien t  w ater .  This ind icates  a 
co m p e ti t io n  b e tw ee n  calcium and  m agnes ium  for (passive) u p tak e  into deve lop ing  
eggs. In h igher  v e r te b ra te s  h y p o m a g n e sa e m ia  (as a result  o f  m agnes ium  d e 
ficiency) m ay  resu lt  in hy p e rca lcaem ia  and  in a decrease  of tissue m agnes ium  and  
an increase  of tissue calcium co n cen tra t io n s  (G e o rg e  and  H e a to n ,  1975; G ev en  
et al. 1988). Similarly, in adu lt  ti lapia  (Oreochromis mossambicus  Pe te rs)  a high 
m ag n es iu m  c o n c e n tra t io n  of  the  a m b ie n t  w a te r  resu lted  in a h y p e rm a g n e sa em ia  
and  h y p o ca lcaem ia  (W e n d e la a r  B onga  et al. 1983).

D o  M g“ and  Ca~ co m p e te  for a ca rr ie r  m echan ism  or  does  a high am b ien t  
m ag n es iu m  c o n ce n tra t io n  reduce  the  po ten tia l  c rea ted  by fixed an ions in the 
o rgan ic  m atr ix  o f  the  chorion ic  fluid and  hence  reduce  calcium u p ta k e ?  T he  
ob se rv a t io n  th a t  the u p ta k e  of  the  co m b in ed  d ivalen t ions C a 2 + and  M g2+ is not 
affec ted  by am b ien t  m agnes ium  levels a rgues  against the  la t te r  possibility, 
assum ing  tha t  b o th  ions in te rac t  with these  fixed an ions. W e favour,  th e re fo re ,  the 
conclusion  tha t  C a 2+ an d  M g 2+ follow the sam e pa thw ay  for u p tak e  in to  the 
deve lop ing  egg. T h e  ra te  o f  u p tak e  of  M g2+ and  C a 2+ a p p ea rs  to d e p e n d  on the 
to ta l d ivalent ion co n cen tra t io n  in the w a te r  and  is d ic ta ted  by the  e lec trochem ica l  
po ten tia l  d ifference  b e tw een  the chorion ic  fluid and  the w ater .

In add it ion  to m orta l i ty  and  d e fo rm a t io n ,  a d ec reased  ra te  of tail m o v e m e n t  and  
d ec reased  p ig m en ta t io n  ind ica ted  the  d ep en d e n c y  on w a te r  m agnes ium  c o n c e n 
tra t ion  of early  life stages o f  carp . We have also o b se rv ed  tha t  the  am b ien t  
m ag n es iu m  level influences the  h ea r t  ra te  of the em bryo :  jus t  be fo re  ha tch ing  we 
o b se rv ed  h ea r t  ra tes  o f  2 9 .6 ± 1 .5  and  3 6 .6 ± 2 .1  in em b ry o s  deve lop ing  in w a te r  
con ta in ing  0.004 and  0.100 m m ol I-1 m ag n es iu m , respectively  (N = 5, P = 0 .0 0 4 ) .  It 
has b een  show n recen tly  in o u r  lab o ra to ry ,  by eva lua ting  the sam e variab les ,  th a t  a 
low w a te r  p H  also h a m p e rs  the  d e v e lo p m e n t  of early  life stages o f  carp  (O y en  et al.
1991). A  decrease  in h e a r t  ra te  and  p ig m en ta t io n  has also b een  re p o r te d  for early  
life s tages of f re sh w a te r  ra inbow  tro u t  [Oncorhynchus m y kiss (W albaum )]  
exposed  to a low p H  o r  to  a low am b ien t  calcium co n cen tra t io n  (N elson , 1982). 
C learly , the  ionic com posit ion  of  the  a m b ien t  w a te r  is o f  im p o r tan ce  fo r  the  
d e v e lo p m e n t  o f  fertil ized eggs. This holds true  fo r  the m agnes ium  c o n cen tra t io n  as 
well as for the  calcium and  p ro to n  co n cen tra t io n s  o f  the  w ater.
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W e conclude  tha t  a m b ie n t  m agnes ium  is re q u ired  for successful em b ry o n ic  and  
larval d e v e lo p m e n t  o f  carp . T h e  essential role o f  m agnes ium  in m any  cellu lar 
physiological even ts  m ay accoun t for this m agn es ium  d ep en d en cy .  G iven  the 
co m p e ti t io n  b e tw ee n  C a 2+ and  M g 2+, the  inh ib ito ry  effects o f  high calcium 
co n cen tra t io n s  on  em b ry o n ic  d e v e lo p m e n t  should  be co n s id e red  in fu tu re  r e 
search .

W e th a n k  D r  F. G . F. O yen  for advice and  assistance du r ing  the  ex p e r im en ts  
and  D r  Z . I. K o lar  and  P ro fesso r  D r  J. J. M. de G oeij  for  critical c o m m en ts  and  
discussions.
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