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I O N I C  R E G U L A T I O N  I N  R E L A T I O N  TO 
T H E  M O U L T  C Y C L E  OF  C R A N G O N  V U L G A R I S  

(FABR.)  (C R U S TA C EA ,  NATA NTI A)
F R O M  B R A C K I S H  WA TER

In v estig a tio n s on  th e  ionic reg u la tio n  o f  th e  h æ m o ly m p h  d u rin g  th e  m o u lt cycle o f  Crangon 
vulgaris  (F a b r.)  (C rustacea , N a ta n tia )  w ere m a d e  in  a  sa lin ity  o f  10 "¿0. S od ium  show ed  a  m in i­
m u m  im m edia te ly  a f te r  ecdysis an d  a  m ax im u m  in th e  in te rm o u lt s tages, w hile p o tassiu m , 
w h ich  also  is held  a t a  level h igher th a n  th e  m ed iu m , show ed a m in im u m  in th e  in te rm o u lt 
s tages a n d  a n  increase p r io r  to  an d  a f te r  ecdysis. C a lc ium  show ed, c o n tra ry  to  species fro m  
fu lly  m arin e  areas , a  m in im u m  a f te r  ecdysis an d  th en  a rap id  increase in  calcium  ion  co n c e n tra ­
t io n  an d  a slow  decrease  in th e  la te r  in te rm o u lt p h ase  an d  in th e  p re m o u lt stages. M agnesium , 
g en era lly  he ld  a t a  very  low  co n c e n tra tio n , show ed  a n  increase a t  ecdysis. C h lo ride  varied  in 
th e  sam e w ay  as so d iu m . T h e  ch anges in ion  c o n c e n tra tio n s  d u rin g  th e  m o u lt cycle can  m ostly  
be ex p la in ed  by  an  increased  p erm eab ility  an d  an  increased  w ate r in ta k e  b efo re  th e  ecdysis 
a n d  a  sw elling  o f  th e  an im a l a f te r  ecdysis b e fo re  th e  new  exoskele ton  h as  h a rd en ed .

Studies o f th e  ionic changes du ring  the  m o u lt cycle o f crustaceans have been 
perfo rm ed  on  only a  few species from  m arine  env ironm ents; on  Leander serratus 
(D rach , 1944), Panulirus argus (T ravis, 1955), H om arus americanus (D onahue, 
1953), H . vulgaris (G lynn , 1968) an d  Carcinus m aenas (R o b ertso n , 1960; A de­
lung, 1971). All these investigations w ere m ade on anim als collected in  fully 
m arine  areas. S im ilar investigations on  an im als from  brack ish  w aters seem s to  
be confined to  those o f  L ockw ood  & A ndrew s (1969) on  Gammarus duebeni 
an d  de L eersnyder (1967) on  Eriocheir sinensis. T he earlier investigations ind i­
ca te  th a t in  general the p re-m ou lt period  is characterized  by  a  rise in the  osm otic 
p ressu re o f th e  b lood , caused by  an  increase in  the b lood  p ro te in s an d  in  the 
concen tra tions o f m any o f the m ajo r ions. T he increase in  ion  con cen tra tio n  
is accom panied  by a subsequen t increase in the  up take o f  w ater. T h e  m eans 
by w hich th e  fluid and ions a re  taken  in  (o r ou t) across the  body  surface o r gu t 
w all a re  n o t know n. B oth  active ion  tra n sp o r t and  the co llo id  osm otic pressure 
o f  th e  b lo o d  p ro te ins could  be responsible.
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T h e extensive physicochem ical changes w hich take  place du ring  the  m oult 
cycle m ust exert a still greater influence on  b rack ish  w ater an im als th a n  o n  pure 
m arine  anim als because o f the  necessity fo r the an im als to  keep the ir blood 
osm otically  stable. K inne (1953) noticed fo r instance a low er m o u lt frequency 
a t extrem e salinities fo r Gammarus duebeni.

Crangon vulgaris is a  good  osm o an d  ion  regu la to r, hyper-osm otic  in  sali­
nities below  23-25%0 and  hypo-osm otic  above th is salinity  (H agerm an , 1970b, 
1973). T hus in  th e  0 re su n d  and  in the Baltic C. vulgaris is alw ays keeping its 
b lood  concen tra tion  above th a t o f the external m edium .

T he aim  o f  this study is to  survey the changes in the m a jo r ions in  the 
Crangon hæ m olym ph during  the m oult cycle, an d  to  discuss th e  possibilities 
fo r the  species to  regu la te  and  m ain ta in  its ion ic  com position  du ring  these severe 
an d  sensitive phases o f  their grow th.

T his pap e r fo rm s p a r t o f  a  larger investigation  on the  ecophysiology o f 
Crangon vulgaris (H agerm an , 1970a, b ; 1971, 1973).

M A T E R I A L  A N D  M E T H O D S

Specim ens o f  Crangon vulgaris were collected in shallow  w ater (0-4 m ) in  the 
O resund n o rth  o f  H elsingor (salinity 10-15 %0). T h e  an im als w ere p laced singly 
in  sm all con ta iners (diam . 12 cm ), and  left to  acclim atize to  the  experim ental 
salinities fo r a t least th ree days. A ll m easurem ents w ere m ade on  an im als a c ­
clim atized to  10%0, +  10°C. D ays o f  m oulting  w ere no ted , all m ou ltings oc­
curred  a t  night. T h e  m o u lt cycle fo r n a tan tian s  has been discussed by Passano  
(1960) and  his term inology  (m odified afte r D rach , 1944) has been used here.

Before sam pling  the  anim als w ere gently dried  on  soft filter pap e r an d  placed 
on  a  special surgery-tab le . H æ m olym ph was sucked directly from  the h ea rt by 
m eans o f  a special glass-syringe, an d  placed under liquid  paraffin . I t  w as pos­
sible to  get 20-35 ¡ul hæ m olym ph from  a 40-50 m m  long specim en. T his volum e 
was then  transfe rred  to  subsam ples by m eans o f D ru m m o n d  m icrocaps, 5 o r 
10 ¡ul, and  p rep a re d  fo r fu rther analysis.

M easurem ents o f sodium , po tassium , calc ium  an d  m agnesium  w ere m ade on 
a U nicam  SP 90 Serie 2 atom ic abso rp tion  spectropho tom eter. T h e  hæ m olym ph 
sam ples w ere d ilu ted  1000 x  (N a+), 100-200 x  (K +), 100 X (C a2+) an d  510 X 
(M g2+). T he resu lts w ere recorded on  a  G oerz  Servogor R e 511 recorder. C al­
cium  w as m easured  a fte r add ition  o f  E D T A  or lan thanum chloride .

C h lo ride  was m easured  on  5 o r 10 ¡ul sam ples w ith  an  A m inco-B uchler-C ot- 
love d irect read ing  chloridom eter.

T he investigation  was partly  suppo rted  by a  g ran t from  the  D an ish  Science 
R esearch C ouncil. D r. D o n a ld  M cLusky, U niversity  o f S tirling , S cotland , kindly 
read  an d  criticized the m anuscrip t.
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F ig . 1. V aria tio n  in so d iu m  h æ m o ly m p h  co n c e n tra tio n  d u rin g  th e  m o u lt cycle o f
Crangon vulgaris.

R E S U L T S

T he regu la tion  o f sodium , the  m a jo r ca tio n , d u ring  the m oulting  cycle is show n 
in  Fig. 1. A fter a  very low  co n cen tra tio n  im m ediately  after ecdysis, w hen the 
b lo o d  has a  sod ium  co n cen tra tio n  a lm o st iso ton ic to  the ou ter m edium , the 
sod ium  concen tra tion  show s a  steady increase in  stages A 2, Bj an d  B 2. The 
co n cen tra tio n  lies w ith in  120-150 mEq/1 in  the  in te rm o u lt stages, i.e . a  ra th e r 
g rea t hyperosm oticity  w ith  regard  to  the  ou ter m edium . In  the  p rem o u lt stage 
D ;i (and  D 4) the sod ium  co n cen tra tio n  is rap id ly  falling in the hæ m olym ph, no 
d o u b t due to  an  in take  o f w ater as a  p relude to  th e  ecdysis (provided the active 
u p ta k e  o f  N a+ is held constan t). C lose to  ecdysis, cracks in the  old carapace 
m igh t increase the surface perm eab ility , an d  th u s  increase b o th  w ater inflow  
a n d  sodium  outflow  as a  resu lt o f n o rm al osm otic  processes. N o  com parab le  
investigations on  the  regu la tion  o f  sod ium  du ring  the  m oulting  cycle exists. So 
far, all p revious investigations have been perfo rm ed  in salinities above 30%o 
F o r  Gammarus duebeni m easured  in  33 %0 salinity, Lockw ood & A ndrew s (1969) 
found  th a t recently  m oulted  ind iv iduals h ad  a  sod ium  con ten t som e 20 % h igher 
th a n  in te r-m ou lt individuals. R o b e rtso n  (1960) no ted  th a t the sod ium  con ten t 
o f  Carcinus maenas from  fully  m arine  areas also increased a t the tim e o f m oult, 
w hile A delung  (1971) fo r the  sam e species fo u n d  a  constan t sod ium  co n cen tra ­
tio n  th ro u g h o u t the en tire  m o u ltin g  cycle.

T h e  regu la tion  o f  the  m a jo r an ion , chloride, is show n in Fig. 2. T he regu la­
tio n  o f  th is ion  in  the m ou ltin g  cycle resem bles th e  regulation  o f sodium . This



144 L A R S  H A G E R M A N

is also  reasonab le ; as ch loride ion  co n cen tra tio n  is usually  considered  to  passively 
fo llow  changes in  sodium  ion  con cen tra tio n  (Lockw ood, 1968). T hus chloride 
show s a  m in im um  im m ediately  after ecdysis (stage A) a n d  then  a  steady increase 
in  ion  con cen tra tio n  in  stage B and  a  stable level in  stage C -D 2 (the in te r-m ou lt 
stage). T he decrease in  the p rem o u lt stage D 3. 4 is n o t so evident as fo r sodium , 
b u t still recognizable. In  the  investigation  o f  ion ic regu la tion  du ring  the  m oult 
cycle o f  the fully m arine H om arus vulgaris, G lynn (1968) fo und  no  varia tion  
fo r  chloride.

T he fluctuations in  calcium  hæ m olym ph con cen tra tio n  du ring  the  m oult 
cycle are show n in Fig. 3. C alcium  show s som e ra th e r as ton ish ing  fea tu res n o t 
fo u n d  so fa r in  o th e r crustaceans. C alcium  is during  the  w hole m o u ltin g  cycle 
held a t a  n iveau  above th e  ou ter m edium , fluctuating  betw een 8-15 mEq/1 (m e­
d ium  =  5 mEq/1). A  m in im um  (7-10 mEq/1) is reached im m ediate ly  afte r ecdysis 
in  stage Ax-Bi, follow ed by an increase to  12-15 mEq/1 betw een stage B2-C. 
T hereafte r C a 2+ slowly falls u p  to  ecdysis. T h e  regu la tion  o f  calc ium  in  stage 
D  is qu ite  the  opposite  to  w hat has been fo u n d  fo r H om arus vulgaris (G lynn, 
1968) an d  Carcinus maenas (R obertson , 1960, A delung, 1971), b u t a  closer exam ­
in a tio n  o f the  function ing  o f  C a 2+ in  the physio logy  o f  a  crustacean  show s bo th  
types o f  regu la tion  to  be equally  possible. A ccord ing  to  G lynn  (op. cit.) the 
hep a to p an creas calcium  con ten t rises considerab ly  in  pre-ecdysis stage D  and  
th e  p o st-m o u lt fall in  hæ m olym ph calcium  is parallelled  by  a  sim ilar change in 
the  hepa topancreas calcium . I t  is thus reasonab le  to  assum e th a t the  decrease 
in  hæ m olym ph calcium  o f Crangon in  stage D  is reflected by  an  increase in 
h epa topancreas concen tra tion , i.e . a  transfer o f  calcium  to  a  better sto rage site. 
F ro m  here it cou ld  then  be released im m ediate ly  after ecdysis to  calcifye the 
new  cuticle. In  a study o f the m oult cycle o f  Panulirus argus (T ravis, 1955) it 
w as show n th a t  calcium  was stored p artly  in  the  h epatopancreas an d  partly  by 
fo rm a tio n  o f  gastro liths (m ineral deposits in  the gastric  epithelium ). W hether 
th is  is the  case also  fo r Crangon vulgaris will be subject o f  a  special investiga­
tion . A ll previous investigations on  the  C a2+ regu la tion  d u ring  the m o u lt cycle 
seem  to  be confined to  anim als adap ted  to  full s treng th  sea w ater. F o r  anim als 
m o re  or less iso ton ic  to  the  m edium , the  calc ium  regu la tion  m ay be easier as 
less w ork  is done in  to ta l ion ic regulation . F lu c tu a tio n s in  o u te r sa lin ity  exert 
a  g rea ter influence on  the hæ m olym ph calcium  than  o n  calcium  sto red  in  the 
hep a to p an creas o r fo rm ed  in to  gastro liths. F u rth e r  investigations will reveal if 
th e  p a tte rn  o f  calc ium  regu la tion  during  the  m o u lt cycle in  h igh salinities, i.e . 
above 3 0 / 0 0  is th e  sam e as in  10 %0 or if  i t  is sim ilar to  th a t o f  Carcinus (Adelung, 
op . cit.).

T h e  m agnesium  co n ten t o f  the hæ m olym ph a t the  d ifferen t m o u lt stages is 
recorded  in Fig. 4. F ro m  a  ra th e r  high level im m ediate ly  after m ou lting  (stage A) 
the  m agnesium  ion  concen tra tion  falls slowly to a  m in im um  in stage D 0-D ,. In  
stage D 2-D 4 there is a  considerable increase in  m agnesium  io n  concen tra tion .
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F i g . 2 .  V aria tio n  in ch lo rid e  hæ m o ly m p h  c o n cen tra tio n  d u rin g  th e  m o u lt cycle o f
Crangon vulgaris.
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F i g . 3. V aria tio n  in  calcium  h æ m o ly m p h  co n c e n tra tio n  d u rin g  th e  m o u lt cycle o f  Crangon vulgaris.
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F i g . 4. V a ria tio n  in m agnesium  hæ m olym ph co n cen tra tio n  d u rin g  th e  m o u lt cycle o f
C rangon vulgaris.
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T h ro u g h o u t the entire m oult cycle the  m agnesium  ion  co n cen tra tio n  is held a t 
a  n iveau  very fa r below  the o u te r m edium . T h e  increase in  M g2+ co n ten t p rio r 
to  and  im m ediate ly  afte r ecdysis could  be due to  either a decrease o f  the efficiency 
in  th e  excretion  o f m agnesium  from  the  hæ m olym ph o r to  an  increased up take 
o f w ate r in  the  pro-ecdysis stage D 3_4. P robab ly  th e  la tte r  is th e  case, as a  decrease 
in  the  m agnesium  excretion  in the  u rine  has n o t been show n to  have a significant 
effect on  the  hæ m olym ph concen tra tion  ju s t  p rio r to  ecdysis o f  crustaceans 
(G lynn , 1968). D ifficulties o f  ob ta in ing  enough  u rine  from  Crangon to  analyse 
its com position  prevented  an  answ er to  this question .

I t is w ell-know n th a t the m agnesium  level an d  th e  behav iour o f  decapods 
are  closely co rre la ted : A  high m agnesium  level m eans a  low  activity , an d  a  low 
m agnesium  level indicates an  active anim al. T h e  calc ium /m agnesium  io n  ratio  
affects th e  exitability  o f  th e  nerve tissue (R ob ertso n , 1953). I t  is thus evident 
th a t the  tem porary  decrease in this ra tio  im m ediate ly  before, on  an d  afte r ecdysis 
m ust co n trib u te  to  the very characteristic  im m obilization  w hen Crangon m oults.

T h e  hæ m olym ph m agnesium  concen tra tion  is very  low  in Crangon  even when 
the fluctuations during  the m oult cycle are considered. In  his recen t publication , 
A delung  (1971) m entions th a t the m agnesium  in the  b lood  o f  Carcinus lies a t 
a b o u t 65 % o f  th e  su rround ing  m edium . In  Crangon th e  co rrespond ing  figure 
lies a ro u n d  15-35 %. C onsidering  the ecology o f  Crangon an d  the  general view 
o f  a  low  m agnesium  con ten t correla ted  w ith  a  h igh  activity , it  m ay be suggested 
th a t Crangon has a  higher relative activity  th a n  Carcinus. T he very low  m agne­
sium  ion  concen tra tion  in  the Crangon hæ m olym ph is com parab le  to  th a t of 
certain  squids and  cuttlefishes (N icol, 1967).

T he regulation  o f  po tassium  during  the m o u lt cycle is show n in Fig. 5. D uring  
the en tire  m oulting  cycle po tassium  is held significantly above the su rround ing  
m edium  o f  10%o sea w ater, the po tassium  ion  concen tra tion  in the  hæm olym ph 
lying betw een max. 16 an d  m inim um  4.5 mEq/1. H ighest po tassium  concen tra tion  
is reco rded  im m ediately  after ecdysis in stages A r B 2 w hereafter it decreases to 
the m in im um  in stages Do-Dx and  increases aga in  closer to  ecdysis.

A ccord ing  to  R o b ertso n  (1957) the po tassium  ion  concen tra tion  in  the b lood  
o f  Carcinus is above th e  concen tra tion  o f  the  o u te r m edium . T his was n o t found 
by A delung  (1971) w ho instead found  a  po tassium  concen tra tion  iso ton ic  to  sea 
w ate r in  Carcinus d u ring  the w hole m o u lt cycle. In  a la ter pap e r R obertson  
(1960) again  show ed th a t the po tassium  co n cen tra tio n  in  the p lasm a was higher 
th a n  th a t o f the o u te r m edium  an d  th a t the po tassiu m  ion  concen tra tion  was 
h ighest p rio r to  and  ju s t afte r ecdysis (stage D 2. 3 an d  B) and  low est in  the in ter­
m o u lt stages. I f  the m easurem ents o f A delung  (1971) a re  analyzed in  detail a 
sm all decrease in po tassium  level can  be seen in  the  in te rm ou lt stages. I t  is well 
know n th a t m o st o f the osm oregulating  decapods tend to  accum ulate potassium  
in re la tion  to  the sea w ater concen tra tion  (N icol, 1967) and  as this accum ulation  
is so p ro n o u n ced  fo r Crangon, it is reasonab le  to  assum e th a t Carcinus also  ae-
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F ig . 5. V aria tio n  in p o ta ss iu m  hæ m olym ph  c o n cen tra tio n  d u rin g  th e  m o u lt  cycle o f
Crangon vulgaris.

cum ulates po tassium  in th e  sam e way. T his is still m ore  p ro b ab le  as the  tw o 
species can co-exist in  the  sam e b io topes and  show  the  sam e ho rizo n ta l an d  
vertical m igrations d u ring  the  year. T h e  findings o f  A delung  (op. cit.) are thus 
difficult to  explain.

D I S C U S S I O N

T h e m o u lt is from  several aspects the  m ost sensitive phase in  the  life o f  c ru sta ­
ceans, an d  m o rta lity  is o ften  ra th e r high a t  this tim e. M echanical difficulties 
arise in  w ithdraw ing  fro m  the  old cuticle, physiological p roblem s arise from  
difficulties in  osm otic  a n d  ion ic regu la tion , an d  finally the  an im al is an  easier 
p rey  fo r p red a to rs  un til th e  new  cuticle is hardened  enough  to  m ake m ovem ents 
such as escape o r a ttac k  possible.

F o r an  osm oregulating , h o m oiosm otic  an im al like Crangon vulgaris o r  Lean­
der serratus liv ing in  b rack ish  w ater, the  m oulting  p roblem s on th e  physiological 
level m ust dom inate . T he increased perm eability , the  w ater in take  an d  the changed 
ionic con ten t, all m ean a  heavy load  to  the  excretory  organs an d  to  th e  cells. 
These la tte r m ust du ring  the  m o u lt to le ra te  g rea ter changes in  the ir su rround ing  
fluids th a n  in  the in te r-m o u lt phases. T he cells m ight p ro tec t them selves from  
these changes by a  v a ria tio n  in  the  concen tra tion  o f in tracellu la r am ino-acids; 
so th a t w hen the  osm otic  co n cen tra tio n  o f  th e  b lood  decreases, so also  the  cellu­
la r concen tra tion  o f am ino-acids decreases, a  process w hich is fu lly  reversible 
(D uchateau , F lo rk in  & Jeun iaux , 1959).

O n m oulting  large a m o u n ts  o f  ca lc ium  are  needed fo r the m ineral com ponen t 
o f  the  new  cuticle. T h is is derived fro m  the hæ m olym ph  an d  from  eventual

io-
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reservoirs in the  hepatopancreas an d  in gastro liths, b u t m ainly by in tak e  o f  
w ate r and  p robab ly  by p roduction  o f  a  h y po ton ic  u rin e  (H agerm an , 1973). T he 
changes in  m agnesium  io n  concen tra tion  in  th e  hæ m olym ph is p ro b ab ly  due to  
th is  u p ta k e  o f  w ater an d  the increased perm eab ility  associated  w ith  m oult. The 
significance o f  th e  increase in  po tassium  io n  co n cen tra tio n  p rio r  to  an d  during 
m o u lt is obscure, b u t is sim ilar to  th a t rep o rted  fo r o th e r m arine  an d  freshw ater 
inverteb rates (D rilhon , 1935; M cL ennan , 1955).

T h e  difficulties in  keeping sod ium  an d  ch lo ride  a t th e ir  no rm ally  h igh level 
(H agerm an , 1973) in a m edium  o f  10%o d u rin g  the m o u lt a re  evident. D u rin g  
m ou ltin g  b o th  ions decrease in co n cen tra tio n  to  an  a lm o st isosm otic level, no 
d o u b t a  resu lt o f  the increased perm eability  a n d  swelling. T h e  decrease in  con­
cen tra tio n s o f  these ions indicate th a t the tra n sp o r t m echanism s is fully loaded 
th e  w hole tim e an d  unable to  com pensa te fo r  the ir loss.

I f  any th ing  goes w rong, fo r instance if  th e  m o u lt is p ro longed  due to  dif­
ficulties in  casting  the old cuticle o r if  the  h a rd en in g  o f  th e  new  cuticle takes 
to o  long  a  tim e, Crangon vulgaris will rap id ly  d ie due to  o sm o tic  loss o f im p o rtan t 
ions. I t  m ay be suggested th a t one o f the fac to rs determ in ing  the d istribu tion  
o f  C. vulgaris is the  conditions prevailing  a t  the  tim e o f m oulting.
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