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ABSTRACT: The activity of Na-K-ATPase was de termined  in the posterior gills of the shore crab 
Carcinus maenas dur ing  a period following transfer  from 35 to 10 %o salinity and  vice versa at 15 °C. 
After t ransfer  from h igh  to low salinity, Na-K-ATPase activity increased from 3.2 to 7.0 ~tmoles P img 
prote in  -1 h -  1 wi th in  a per iod of 2 to 3 weeks.  Transfer of crabs from low to h igh  salinity resul ted in 
reduct ion of activity from 7.4 to 4.5 ~moles P i m g  prote in  -1 h -1 wi th in  about  the  same period. The 
relat ively slow response  following salinity change  indicates  tha t  the  amounts  of Na-K-ATPase in  
the  gills may  play  a role in  hyper ionic  Na regula t ion in relat ively constant  brackish-water  
environments .  Instant  responses  to salinity result  from act ivat ion and  inhibi t ion of Na-K-ATPase 
activity by  Na. Gill Na-K-ATPase is act ivated by  the  Na concentrat ion of the  incubat ion  med ium to 
a t ta in  a steep max imum at about  75 m M  Na, which  corresponds to the lowest  envi ronmenta l  Na 
levels tolerated by  C. maenas equiva lent  to a salinity of ca 6 %°. Activity greatly decreased towards 
h igher  Na levels, equiva lent  to the salinity of normal  sea water, at which  hyperregula t ion no longer 
occurs. Selective addi t ion of ei ther  Na or C1 to brackish  water  of 9 %0 S resul ted in effective 
hyperregula t ion  of the  non- increased ion, and  passive distr ibution be tween  medium and  blood of 
the increased ion. These  data  indicate  that  under  appropriate  conditions the normally coupled 
transport  of Na and  Ct may be  uncoupled  and  take place independen t ly  of each  other. 

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

T h e  s h o r e  c r a b  Carcinus maenas  b e l o n g s  to t h e  f e w  m a r i n e  d e c a p o d s  c a p a b l e  of 

i n h a b i t i n g  b r a c k i s h  w a t e r s  of s a l i n i t i e s  as  l o w  as 8 %0, a n d  t i d a l  e s t u a r i e s  w i t h  s a l i n i t y  

c h a n g e s  t w i c e  da i ly .  S u c c e s s f u l  c o l o n i z a t i o n  of d i l u t e  m e d i a  d e p e n d s  o n  t h e  a b i l i t y  of 

t h e  s h o r e  c r a b  to h y p e r r e g u l a t e  o s m o l a l i t y  a n d  i o n i c  c o n s t i t u e n t s  of t h e  b o d y  f lu ids ,  t h u s  

w i t h s t a n d i n g  d i l u t i o n  b y  t h e  e x t e r n a l  m e d i u m .  

In  a p r e v i o u s  c o m m u n i c a t i o n  ( S i e b e r s  e t  al., 1982), i t  w a s  s h o w n  t h a t  i n  C. maenas  

t h e  g i l l s  a r e  t h e  m a i n  o r g a n s  of i o n i c  r e g u l a t i o n ,  a n d  t h a t  t h e  N a - K - A T P a s e  l o c a t e d  i n  t h e  

b a s o l a t e r a l  m e m b r a n e s  of g i l l  e p i t h e l i a l  c e l l s  m a y  p l a y  a c e n t r a l  r o l e  i n  N a  u p t a k e  i n  

c r a b s  a d a p t e d  to  d i l u t e  m e d i a .  T h e s e  c o n c l u s i o n s  w e r e  b a s e d  o n  f i n d i n g s  t h a t  t h e  

p r o p o r t i o n  of N a - K - A T P a s e  a m o u n t e d  to  ca  70  to 80  % of t o t a l  A T P a s e s  i n  g i l l s ,  a n d  o n l y  

to  a b o u t  20 to  40  % i n  a n y  of t h e  o t h e r  o r g a n s  i n v e s t i g a t e d ,  a m o n g  t h e m  m u s c l e s ,  

g o n a d s ,  h e a r t ,  h y p o d e r m i s  a n d  d i g e s t i v e  g l a n d .  A c t i v i t y  of t h e  m o n o v a l e n t  c a t i o n  p u m p  
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was sa l in i ty -dependen t  in  gills only, showing highest  activity levels  in  the lowest 
sal ini ty  tested (10 7o0) and  vice versa. 

The present  paper  deals  with the dynamics  of Na-K-ATPase activity fol lowing a 
change  in  ambien t  salinity. In addition, we report on the control of activity of the 
monova len t  cation p u m p  in  med ia  with constant  and  f luctuat ing salinit ies.  

Finally,  data are p resen ted  concern ing  the regula t ion  of Ca and  Mg, a nd  potent ia l  
coupl ing  of active up take  of Na  and  C1. 

MATERIALS AND METHODS 

C o l l e c t i o n  a n d  m a i n t e n a n c e  of sho r e  c r a b s  

Male specimens of the shore crab Carcinus maenas  L. were collected by  f ishermen 
near  the is land of Helgoland,  North Sea. Before use they were m a i n t a i n e d  at 15 °C in  
200-1 tanks of pe rmanen t ly  gravel-f i l tered seawater  of 35 %o S and  brackish water  of 
10 %o S. We avoided moul t ing  of the exper imenta l  crabs by use of ind iv idua ls  be t w e e n  40 
and  60 g fresh weight,  which  unde r  normal  condit ions moul t  only once a year, and  by 
exposure to short daylengths  of only 6 hours l ight per  day. The crabs were fed twice a 
week  with pieces of the mussel  Myti lus  edufis and bovine  heart. They r ema ined  unfed  
for two days prior to experiments .  

A c t i v i t y  of t he  N a - K - A T P a s e  

Preparat ion procedures for gill  homogenates  and  the coupled assay for de termina-  
t ion of the Na-K-ATPase activity, which  follows the react ion scheme: 

ATP > ADP + Pi 
ADP + PEP Pk, Mg ~ ATP + pyruvate  

LDH 
pyruvate  + NADH > lactate + NAD 

were pub l i shed  earl ier  (Siebers et al., 1982). In exper iments  concern ing  N a - d e p e n d e n c e  
of Na-K-ATPase, we used  the a m m o n i u m  salt of ATP ins tead  of the Na-sal t  (Sigma). It 
was ob ta ined  from the b a r i u m  salt of ATP (Sigma) by  addi t ion  of an  equ imolar  amoun t  
of (NH4)2SO4, followed by centr i fugat ion of BaSO 4. In  addit ion,  N a - d e p e n d e n c e  of 
Na-K-ATPase activity was de te rmined  by  use  of a test kit for inorganic  phosphate  (Merck). 
Pi was measured  after a 30-rain incuba t ion  in  a m e d i u m  which  did not  conta in  PEP, 
NADH, PK, and  LDH, but  was  otherwise unchanged .  

Ar t i f i c i a l  m e d i a  

In order to invest igate  as to whether  the Na pump and  the C1 p u m p  are coupled to 
each other, several artificial media  were employed. Based on brackish water  of 9 %o S, 
which also served as low sal ini ty control, Na and  C1 were increased  select ively by 
addi t ion of Na2SO 4 or MgC12 respectively, in  amounts  to reach a f inal  densi ty  equ iva len t  
to a sal ini ty  of 35 %0, which  was  measured  aerometrically.  MgSO 4 was added  in  another  
m e d i u m  in  the same way, to serve as a control with increased  salinity, bu t  Na and  C1 
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concentrat ions  equ iva l en t  to low sal ini ty water.  A final control was normal  seawater  of 

35 %0. 

D e t e r m i n a t i o n  of  i n o r g a n i c  c o n s t i t u e n t s  

H e m o l y m p h  was  obta ined  by punc tur ing  the m e m b r a n e  at the base  of a wa lk ing  leg  

of the crab by means  of hypodermic  needle .  After centr i fugat ion for 5 rain at 2000 g, the 
superna tan t  se rum was  stored at - 25 °C unti l  analysis.  Na, K, Ca, and  Mg in serum and 

ambien t  med ia  were  de te rmined  by means  of a tomic absorpt ion spectrophotometry  

(AAS 300, Perkin  Elmer) after sample  d i lu t ion wi th  He r rmann  di lu t ion m e d i u m  (Merck). 

Concentra t ions  of C1 were  measu red  wi th  a Cl -e lec t rode  (Orion). 

RESULTS 

D y n a m i c s  of  N a - K - A T P a s e  a c t i v i t y  a f t e r  s a l i n i t y  c h a n g e  

Fol lowing  transfer of shore crabs from 35 to 10 %0 S, the activity of the Na-K-ATPase 

in Gill  8 s teadi ly  increased  to reach  new steady-state  levels  2 to 3 weeks  after transfer 

(Fig. 1). Gill  8 was chosen  throughout  this s tudy as representa t ive  of the 3 posterior  Gills 

7 to 9 wi th  p ronounced ly  h igher  act ivi t ies  in compar ison to anter ior  gil ls  (Siebers et al., 
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Fig. 1. Carcinusmaenas-  Dynamics of Na-K-ATPase activity in Gill 8 following salinity change from 
10 to 35 Too (closed circles) and from 35 to 10 ~ (open circles). Circles and bars represent means and 

standard deviations taken from a sample size of 5 crabs 
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1982).  A f t e r  t r a n s f e r  of c r a b s  f r o m  10 to  35  %0 S, t h e  a c t i v i t y  d e c r e a s e d  i n  a b o u t  t h e  s a m e  

p e r i o d .  

S u b s t r a t e  i n h i b i t i o n  of  N a - K - A T P a s e  a c t i v i t y  

T h e  a c t i v i t y  of t h e  N a - K - A T P a s e  i n  G i l l  8, i n c u b a t e d  a t  v a r y i n g  c o n c e n t r a t i o n s  of 

Na ,  d i d  n o t  s h o w  s a t u r a t i o n  k i n e t i c s  (Fig. 2). I n s t e a d ,  a m a x i m u m  w a s  o b s e r v e d  a t  75  m M  
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Fig. 2. Carc inus  m a e n a s :  Activity of Na-K-ATPase and  unspecif ic  ATPases in  Gill  8 of crabs 
main ta ined  for 5 to 6 weeks  in 10 %0 (squares) and  35 %o S {circles) in  relat ion to the  Na- 
concentrat ion of the  incubat ion  medium.  Symbols and  bars represent  means  and  s tandard devia- 

tions t aken  from a sample size of 4 crabs 
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N a  r e a c h e d  a f t e r  a s t e e p  i n c r e a s e  a t  l o w  N a  c o n c e n t r a t i o n s  of b e t w e e n  0 a n d  75 raM.  

T h i s  m a x i m u m  w a s  f o l l o w e d  b y  a s l o w e r  d e c r e a s e  a l o n g  w i t h  r i s i n g  N a  c o n c e n t r a t i o n s .  

A c t i v i t y  r e a c h e d  m i n i m u m  l e v e l s  b e t w e e n  400  a n d  700  m M  Na.  

A c t i v i t y  of t h e  u n s p e c i f i c  A T P a s e s ,  i n c l u d i n g  a l l  o t h e r  A T P  s p l i t t i n g  e n z y m e s ,  w a s  

n o t  d e p e n d e n t  o n  t h e  N a  c o n c e n t r a t i o n  of t h e  i n c u b a t i o n  m e d i u m ,  b u t  r e m a i n e d  c o n s t a n t  

o v e r  t h e  r a n g e  of N a  c o n c e n t r a t i o n s  t e s t e d  (Fig. 2). T h e  a c t i v i t y  of u n s p e c i f i c  A T P a s e s  

d id ,  h o w e v e r ,  d e p e n d  o n  t h e  s a l i n i t y  of t h e  m e d i u m  u s e d  for  a d a p t i o n  of t h e  c r abs .  

A c t i v i t y  of u n s p e c i f i c  A T P a s e s  i n  g i l l s  of c r a b s  a c c l i m a t e d  to  10 %0 S {abou t  3 m M  Pi m g  

p r o t e i n  -1 h -1) e x c e e d e d  t h e  a c t i v i t y  i n  c r a b s  f r o m  35 %o S {abou t  1.5 m M  Pi m g  p ro -  

t e i n  -1 h -1) b y  a f ac to r  of 2. A c t i v i t y  of u n s p e c i f i c  A T P a s e s  w a s  l o w e r  t h a n  t h a t  of t h e  

s o d i u m  p u m p ,  a m o u n t i n g  to o n l y  a b o u t  19 % of t o t a l  A T P a s e  ac t iv i ty ,  w h e n  c o m p a r e d  to 

t h e  N a - K - A T P a s e  a t  75 m M  Na .  

D i s t r i b u t i o n  of  i o n s  b e t w e e n  m e d i u m  a n d  h e m o l y m p h  

C o n t r o l s  k e p t  i n  b r a c k i s h  w a t e r  of 9 %o S h y p e r r e g u l a t e d  Na,  K, Ca ,  a n d  C1 {Table  1, 

Fig.  3). M g  c o n c e n t r a t i o n s ,  o n  t h e  o t h e r  h a n d ,  w e r e  h y p o r e g u l a t e d .  C r a b s  k e p t  i n  s e a  

Table  1. C a r c i n u s  m a e n a s :  Concentrat ions  of K, Ca, and  Mg in serum samples  and  ambien t  media  
selectively enr iched wi th  Na or CL Concentra t ions  in  the  serum are means  and  s tandard deviations 
t aken  from a sample  size or 5 crabs kept  at least  3 days in the media  indicated,  before hemolyrnph 

samples  were t aken  

Medium Number K (mM) Ca (mM) Mg (mM) 
of crabs me- se- me- se- me- se- 

dium rum dium rum dium rum 

9 °/~ sea water' 10 3 7--+1 4 8_+2 13 6-+1 
Control, pH 7.6 

9 %o sea water + 240 mM 4 3 6 -+ 1 4 18 -+ 2 246 97 -- 21 
M9C12, pH 7.2 

9%o sea water + 184 mM 10 3 5-+1 4 6-+2 15 5--+2 
Na2SO4, pH 7.2 

9 °/0o sea water T 228 mM 6 3 6--+1 4 10-+1 195 22-+5 
Mg SO 4, pH 7.4 

35 %o sea water, Control, 6 12 1 2 + 2  14 1 3 ± 2  55 2 1 ± 3  
pH 7.8 

w a t e r  of 35  %0 S a l so  h y p o r e g u l a t e d  M g  l e v e l s  i n  h e m o l y m p h ,  w h i l e  Na ,  K, Ca ,  a n d  C1 

w e r e  i s o i o n i c  i n  b l o o d  a n d  m e d i u m .  

A d d i t i o n  of  M g C 1 2  

In  o r d e r  to  i n c r e a s e ,  s e l e c t i v e l y ,  t h e  C1 c o n c e n t r a t i o n  i n  b r a c k i s h  w a t e r  of 9 %o S, 

w i t h o u t  c h a n g i n g  N a  l eve l s ,  240  m M  MgC12 w e r e  a d d e d .  T h i s  a m o u n t  i n c r e a s e d  t h e  

a e r o m e t r i c a l l y  m e a s u r e d  s a l i n i t y  f r o m  9 %o to a b o u t  35 %o. T h e  a m b i e n t  m e d i u m  t h u s  

o b t a i n e d  s i g n a l s  a N a  c o n c e n t r a t i o n  to t h e  c r a b  e q u i v a l e n t  to a n  e x t e r n a l  s a l i n i t y  of 9 %o, 

w h i l e  o s m o t i c  p r e s s u r e  a n d  C1 s i g n a l  a s a l i n i t y  of 35 %o. 



308 D. Siebers  et al. 

Addi t ion of MgC12 had  - as ant ic ipa ted  - no in f luence  on blood Na  levels  (295 + 

48 mM), which  were  hype r r egu la t ed  as in control crabs from 9 %o S (317 ± 42 m M  Na in 
blood, 129 m M  in ambien t  water). Blood leve ls  of C1 (571 ± 25 mM) w e r e  approx imate ly  

isoionic  to m e d i u m  concentra t ions  (603 raM). 

The  distr ibution of K was  u n c h a n g e d  w h e n  compared  to controls from 9 %0 S, 

ind ica t ing  non-coupl ing  b e t w e e n  K and C1 transport. The  h igh  Mg  levels  of 246 m M  in 

external  m e d i u m  w e r e  effect ively hyporegu la ted  to h e m o l y m p h  concentrat ions  of 
97.1 ± 21.2 mM, a va lue  less than  half the ambien t  concentrat ions.  This f inding is 

consistent  wi th  hyporegu la t ion  of Mg  to half  the ambien t  levels  in control crabs kept  in 9 

and 35 %o S. 

Most in teres t ing is the unexpec ted ly  h igh  d e g r e e  of hyper regu la t ion  of Ca in 

Mg-en r i ched  m e d i u m  to b lood leve ls  of 17.5 ± 2.3 m M  in compar ison  to the  ambien t  
concentra t ion  of 3.7 mM, that  means  by a factor of 5 ins tead  of 2 in controls from 9 %o S. 

A d d i t i o n  of  N a 2 S O  4 a n d  M g S O  4 

In order to increase,  select ively,  the Na  concentra t ion of the medium,  wi thout  

chang ing  C1 levels,  184 m M  Na2SO 4 were  added.  While  b lood Na  (531 _ 62 raM) was 
isoionic to ambient  Na  (518 raM), C1 was hyper regu la ted  to 278 ± 48 m M  compared  to 

ambien t  C1, which  amoun ted  to 136 mM (Fig. 3). Addi t ion  of Na2SO 4 vir tual ly  did not 
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Fig. 3. C a r c i n u s  m a e n a s :  Concentrations of Na and C1 in serum samples and ambient media 
selectively enriched with Na or el. Concentrations in the serum are means and standard deviations 
taken from a sample size of 5 crabs kept at least 3 days in the media indicated, before hemolymph 

samples were taken 

change  the distr ibut ion b e t w e e n  b lood and m e d i u m  of CI, Ca, and  M g  w h e n  compared  
to controls kept  in  9 %o S. 

Notably,  K, wh ich  should  be  p u m p e d  at r educed  rates by the Na-K-ATPase  under  

condit ions of Na equi l ibr ium,  had its lowest  va lue  (5 + 1 raM) in comparison to K levels  
found in other media ,  but  was  still hyper regula ted .  
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Addi t ion  of 228 mM MgSO 4 did not s ignif icant ly  inf luence  the distr ibution be tween  
blood and  m e d i u m  of Na, C1, K, and  Ca. However,  the Mg concentra t ion in  blood 
(22.2 __ 5.1 raM) was reduced by  a remarkab ly  h igh factor of 9 in  comparison to the value 
of the m e d i u m  (195 raM). 

DISCUSSION 

D y n a m i c s  of t h e  N a - K - A T P a s e  a c t i v i t y  a f t e r  s a l i n i t y  c h a n g e  

We reported that  after a sa l ini ty  change  from 10 to 35 %o and  vice versa, a per iod of 2 
to 3 weeks  e lapsed  before the Na-K-ATPase in  the gills of Carcinus maenas had a t ta ined  
n e w  salini ty-specif ic steady-state concentrat ions.  This f ind ing  suggests  that if the Na-K- 
ATPase plays a role in  Na regulat ion,  the adapt ive  na ture  of enzyme-act ivi ty,  as a 
measure  of enzyme  amounts  or concentrat ion,  ma y  only be of s ignif icance u n d e r  
relat ively constant  external  salinities,  encountered,  for example,  i n  the North Sea at 
sal ini t ies  r a n g i n g  from 30 to 33 7o0 and  in  the central  a nd  wes te rn  Baltic at sal ini t ies  
be tween  8 and  20 %o. If the differences we found in  exper iments  in  concentrat ions of Na- 
K-ATPase activity in  gills also exist in  crabs inhab i t a t ing  North Sea a nd  Baltic habitats,  
an  assumpt ion  which still has to be  proved, then  Baltic crabs may  - due to increased 
activity of the Na pump  - be more able  to hyperregula te  Na than  North Sea specimens  
with passive dis t r ibut ion of Na be tween  in terna l  and  external  media.  

Reports on the dynamics  of Na-K-ATPase activity fol lowing a sal ini ty  change  are 
controversial. Signif icant  responses wi th in  a few hours were observed in  the b lue  crab 
Callinectes sapidus (Towle et al., 1976), the hermit  crab Clibanarius vittatus (Sabourin & 
Saintsing,  1980), and  the killifish Fundulus heteroclitus (Towle et al., 1977). Responses 
were observed wi th in  several  days in  the b lue  crab Callinectes sapidus (Almeida & 
Pritchard, 1980), in  the coho sa lmon Onchorynchus kisutch (Polmar & Dickhoff, 1979}, 
and  in  the eel, Anguilla japonica (Ho & C h a n ,  1980). 

A c t i v a t i o n  a n d  i n h i b i t i o n  of N a - K - A T P a s e  b y  N a  

The p ronounced  activity m a x i m u m  of the Na-K-ATPase at an  ambien t  Na concentra-  
t ion of 75 mM is indicat ive  of drastic substrate inh ib i t ion  at h igher  Na levels. A peak  at 
75 mM Na was found in  the gills of crabs adapted  to both sal ini t ies (10 and  35 %o), 
sugges t ing  that  ambien t  sal ini ty  did not  modify the affinity for Na. Peak height,  
however,  was reduced  in  ind iv idua ls  adapted  to normal  seawater,  confirming previous 
results (Siebers et al., 1982) that  Na-K-ATPase activity in  the gills of shore crabs, 
m a i n t a i n e d  for several  weeks  at 35 %0 S, decreased to less than  half the activity 
encoun te red  in  crabs form I0 %0. 

Na concentra t ions  resu l t ing  in  h ighest  and  lowest activity correspond to environ-  
menta l  Na  levels, sugges t ing  that  h ighest  activity of the Na pump,  observed at 75 m M  
Na, is d isplayed at a concent ra t ion  characteristic of the lower env i ronmen ta l  sa l ini ty  
l imit  (ca 6 to 8 %0) for C. maenas. Here, the highest  degree  of hyper regula t ion  is found. 
With increas ing  amb ien t  sal ini t ies  exceed ing  30 %0, the Na  pump  is inh ib i ted  by  its own 
substrate Na. Here, active up take  of Na may  be  depressed resul t ing  in  passive distr ibu- 
t ion be tween  hemolymph  and  habitat .  
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The  r e m a r k a b l y  s t rong subs t ra te  inh ib i t ion  m a y  rep resen t  the  bas ic  m e c h a n i s m  
p rov id ing  ins tant  ac t iv i ty  responses  to s u d d e n  a m b i e n t  sa l in i ty  c ha nge s  in  es tuar ies  a n d  
t ide  pools.  It is k n o w n  tha t  after  s u d d e n  env i ronmen ta l  sa l in i ty  change ,  inorgan ic  
h e m o l y m p h  const i tuents  and  osmotic  pressure  in  C. m a e n a s  a t ta in  the i r  n e w  s teady-s ta te  
l eve ls  wi th in  1 to 2 days  {Siebers et  al., 1972). This r e l a t ive ly  fast  r e sponse  m a y  also be  
b a s e d  on the subs t ra te  ac t iva t ion  and  inh ib i t ion  p roper t i e s  of the  monova len t  ca t ion 
pump.  It must  be  no ted  that  in  C. m a e n a s  in t race l lu la r  Na  concent ra t ions  in  the  gi l l  
ep i the l i a l  cell,  w h i c h  supposed ly  control  Na-K-ATPase  activity,  are  not  k n o w n  up- to-  
date.  

The  f ind ing  that  in  the  gi l l s  of C. m a e n a s  Na-K-ATPase  amounts  to about  80 % of 
total  ATPases  (Pig. 2) confirms prev ious  resul ts  on h igh  propor t ions  of Na-K-ATPase  in  
ion  t ranspor t ing  t i ssues  (Siebers  et  al., 1982). At  an  a m b i e n t  sa l in i ty  of 10 %o, the  ac t iv i ty  
of the  unspec i f ic  ATPases  was  i nc r ea sed  b y  a factor of abou t  2 w h e n  c o m p a r e d  wi th  
crabs  kep t  in  35 %0 (Pig. 2). These  da ta  cor respond  to i nc r ea sed  me tabo l i c  act ivi ty  in 
shore crabs i nhab i t i ng  d i lu te  media ,  i nd i ca t ed  by  inc reased  02 u p t a k e  and  e l eva t ed  
leve ls  of se rum pro te in  and  hemocyan in  (Theede,  1964; S iebers  et  al., 1972). In this  
context,  t h i cken ing  of the  gi l l  ep i the l i a  due  to surface e n l a r g e m e n t s  was  desc r ibed  for 
the  f idd le r  crab Uca p u g i l a t o r  upon  t ransfer  to low sa l in i ty  b y  Graszynsk i  & Drews 
(1981). 

D i s t r i b u t i o n  of  i o n s  b e t w e e n  m e d i u m  a n d  b l o o d  

C a r c i n u s  m a e n a s  h y p e r r e g u l a t e d  most  of the  domina t ing  ions  (Na, K, Ca, C1), w h e n  
i nhab i t i ng  d i lu te  med ia .  In  normal  seawater ,  these  ions  we re  in  equ i l i b r i um wi th  
ex te rna l  medium.  Mg,  on the  other  hand,  was  effect ively h y p o r e g u l a t e d  in  a l l  m e d i a  
con ta in ing  b e t w e e n  13 and  256 m M  Mg. For comparison,  the M g  concent ra t ion  in sea  
wa te r  is 53 m M  (Whitfield,  1981). 

Since ur ine  : b lood  (U/B) concent ra t ion  rat ios for Na, K, and  C1 in C. m a e n a s  are  close 
to 1 in  m e d i a  b e t w e e n  9 and  35 %0 S, ind ica t ing  that  the  shore crab is u n a b l e  to p roduce  
d i lu te  or concen t ra ted  ur ine  (Riegel  & Lockwood,  1961; Zanders ,  1980), hype r r egu l a t i on  
of these  ions  must  exc lus ive ly  b e  b a s e d  on act ive u p t a k e  m e c h a n i s m s  across  the  gi l l  
ep i the l ium.  U/B concen t ra t ion  rat ios for Ca  b e t w e e n  1.2 a n d  1.5 (Riegel  & Lockwood,  
1961; Zanders ,  1980) a n d  the  d is t r ibu t ion  of ion ized  Ca in  shore crabs  k e p t  in  s e a w a t e r  of 
9 %o S, amoun t ing  to 2.3 m M  (86 % ionized)  in  b rack ish  wa te r  and  about  4.7 m M  (77 % 
ionized)  in  h e m o l y m p h  (Greenaway ,  1976), sugges t  the  p re sence  of ac t ive  Ca  up take .  
Hyporegu la t i on  of M g  in crabs a d a p t e d  to seawate r  ma in ly  resul ts  from act ive secre t ion  
into the  urine.  Thus, M g  concent ra t ion  in u r ine  is i nc r ea sed  4 to 8fold w h e n  c o m p a r e d  to 
Mg concentra t ion  in  the  b lood  (Riegel  & Lockwood,  1961; Zanders ,  1980). 

In the i r  rev iew on N a - c o u p l e d  C1 t ranspor t  by  ep i the l i a l  cells,  Fr izzel l  et  al. (1979) 
a rgue  that  current ly  there  is no compe l l i ng  ev idence  for p r imary  act ive t ranspor t  of C1 
d i rec t ly  l i nked  to a source of me tabo l i c  ene rgy  in an ima l  ep i the l ia .  Ins tead,  uph i l l  C1 
t ranspor t  a t  the l umina l  m e m b r a n e  is an  e lec t r ica l ly  neu t ra l  N a  co- t ranspor t  s tep which  
is w i d e l y  d i s t r ibu ted  th roughout  the  an imal  k ingdom.  

In order  to inves t iga te  the  ques t ion  as to whe the r  uph i l l  movemen t s  of Na  and  C1 are  
d i rec t ly  coup led  in the  gi l l s  of shore crabs, we  e m p l o y e d  b rack i sh  wa te r  of 9 Too S in 
which  e i ther  Na  or C1 was  i nc r ea sed  wi thout  chang ing  the  concent ra t ion  of the  other  ion. 
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In  t h e  m e d i u m  s e l e c t i v e l y  e n r i c h e d  b y  C1 (9 %0 S + 240 m M  MgC12) (Pig. 3), 

h e m o l y m p h - C 1  w a s  i n  e q u i l i b r i u m  w i t h  e x t e r n a l  C1, a d i s t r i b u t i o n  o b s e r v e d  i n  n o r m a l  

s e a  w a t e r ,  w h i c h  d o e s  n o t  r e q u i r e  b i o l o g i c a l  e n e r g y .  H o w e v e r ,  l o w  e x t e r n a l  Na ,  c o m p a r -  

a b l e  to  i t s  c o n c e n t r a t i o n  i n  9 %0 S, w a s  e f f e c t i v e l y  h y p e r r e g u l a t e d .  

In  t h e  m e d i u m  s e l e c t i v e l y  e n r i c h e d  b y  N a  (9%0S + 184 m M  Na2SO4),  N a  w a s  

p a s s i v e l y  d i s t r i b u t e d  w h i l e  C1 w a s  h y p e r r e g u l a t e d .  T h e s e  h i g h  c o n c e n t r a t i o n s  of N a  

w o u l d  c e r t a i n l y  i n h i b i t  t h e  N a - K - A T P a s e  to  v e r y  l o w  a c t i v i t i e s  (Fig. 2). w e r e  C1 t r a n s p o r t  

c o u p l e d  to s u c h  l o w  N a - K - A T P a s e  ac t iv i ty ,  t h e  o b s e r v e d  e f f e c t i v e  h y p e r r e g u l a t i o n  of C1 

w o u l d  m o s t  p r o b a b l y  n o t  resu l t .  T h e  d a t a  r e p o r t e d  t h e r e f o r e  s u g g e s t  t h a t  u n d e r  a p p r o p r i -  

a t e  c o n d i t i o n s  t h e  n o r m a l l y  u p h i l l  t r a n s l o c a t i o n s  of N a  a n d  C1 c a n  t a k e  p l a c e  i n d e p e n -  

d e n t l y  of e a c h  o the r ,  a c o n c l u s i o n  d i r e c t l y  c o n f i r m i n g  t h e  f i n d i n g s  b y  Z a n d e r s  (1981) i n  

C a r c i n u s  gi l ls .  

In  c o n c l u s i o n ,  t h e  a d a p t i v e  n a t u r e  of t h e  c o n c e n t r a t i o n s  of N a - K - A T P a s e  i n  t h e  g i l l s  

of C a r c i n u s  m a e n a s  a n d  v a r i o u s  o t h e r  e u r y h a l i n e  d e c a p o d s  w i t h  r e s p e c t  to a m b i e n t  

s a l i n i t y  i m p l i e s  a c e n t r a l  r o l e  of t h e  N a  p u m p  i n  c r a b s  h y p e r r e g u l a t i n g  t h e i r  b o d y  f l u i d s  

w h e n  i n h a b i t i n g  d i l u t e  m e d i a .  H o w e v e r ,  s u b t l e  k n o w l e d g e  of i t s  f u n c t i o n i n g  is s t i l l  

l a c k i n g ,  a n d  t h e  m o d e  of o p e r a t i o n  i n  f r e s h  w a t e r  i n h a b i t a n t s  a s  w e l l  a s  t h e  p o t e n t i a l  

c o u p l i n g  to a c t i v e  u p t a k e  of C1 d e s e r v e  f u r t h e r  i n v e s t i g a t i o n .  
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