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A B S T R A C T

T h e  salinity to lerance, osm otic  regulation and ionic regulation o f the m ysid crustacean, Praunus 
f le x u o s u s , collected a t the Isefjord, D enm ark, has been investigated over a range o f salinities, and  at 
tem p era tu res  from 5  to 20 °C for both  w inter and sum m er anim als.

Survival a t low salinities w as enhanced when the anim als w ere kep t a t lo w  tem peratures, and  this 
en h an ce m e n t was especially p ronounced in animals collected in winter.

A  clear pattern  o f  h yper/hypo-osm otic  regulation was found, b u t no effect o f season or tem pera­
tu r e  on the osm otic concen tra tion  was observed. The blood concentration  of Isefjord anim als was 
s ign ifican tly  low er a t  any given salinity than that o f previously studied anim als from  Loch Etive, 
S c o tla n d . This reduction is considered to  be due to long-term  acclim ation , and the findings are 
c o m p a re d  w ith o th er crustacea w here studies have been m ade on  distinct populations.

T h e  blood concen trations o f sodium , potassium , calcium , m agnesium  and  chloride were deter­
m in e d  at three salinities, and  found when totalled to account fo r the osm otic  concentrations.

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

T h e  m ysid cru stacean  Praunus flexuosus  (M üller) is a  com m on in h ab itan t of 
th e  shallow  su b litto ra l o f E uropean  coastal and  brack ish  w aters (T attersall 8c 
T a t te rsa l l  1951), In  D anish  w ate rs it generally occurs in shoals w ith  the m ysid 
N e o m y s is  vulgaris (T hom pson), although typically  less com m on than N eo m ysis  
(M u u s  1967). In th e  Isefjord, Rasm ussen (1973) reports num erous records of 
a b u n d a n t  P. flexu o su s  and em phasises their v ita l im portance in  the ecology of 
th e  area as consum ers of b o th  phy to - and zo o -p lank ton  and suspended m aterial, 
a n d  as food  for m any  anim al species. The biology and  breed ing  o f ? ,  flexuosus  
h a s  been described by Blegvad (1922) for N y b o rg  F jo rd , D enm ark, and  by 
M a u c h lin e  (1971) for Loch Etive, Scotland.
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A sa lin ity  to le rance range of 2-33  %  for P. flexuosus  from  Loch Etive, S co t­
lan d , w as d em o n stra ted  by M cLusky ôc H eard (1971), w ho also  described its 
o sm o reg u la to ry  capacity . In experim ents conducted a t 5 °C, it  w as found to  be a 
h y p er/h y p o -o sm o reg u la to ry  species w ith the body tissues experiencing the 
ran g e  15-31  %0 over the  above salinity range, w ith  the isosm otic p o in t a t 2 7  %o.

T h e  p resen t p ap e r  deals w ith the  salinity tolerance, osm oregulation  and ion ic 
reg u la tio n  in  a P. flexuosus  population  from  the Isefjord, D enm ark . T his p o p u ­
la tio n  experiences a stab le  salinity regime w ithin the range '18-20 %o (R asm us­
sen 1973) w h ils t the  w ate r tem perature varies from  0-2 °C in w in te r, up to over 
2 0 °C  in  sum m er. In view  of this wide tem perature variation  I exam ined the 
effect o f  tem pera tu re  acclim ation on the salinity to lerance and  osm oregu lato ry  
p rocesses o f P. flexuosus. O sm oregulation in Praunus inermis (R athke), a c los­
ely re la ted  species, is a lso  described.

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

P. fle x u o s u s  w ere collected by w ading w ith a push -n e t in the shallow  w a te r  o f 
th e  Isefjo rd  a t  H äm m eren  and a t  Vellerup, w hich are localities 51  and  53 b  o f 
R asm ussen  (1973). T hey  were transported  to  the M arine L ab o ra to ry  a t H el- 
s in g o r w here  they w ere kept in constan t tem perature room s. D arin g  the  ex p eri­
m e n ta l period  (M arch-A ugust 1978) the salinity at H äm m eren  rem ained at 
1 8 .5 - 2 0 %o, w h ils t the w ater tem perature was 1 °C in M arch, 4 °C  in A pril, 
17  °C  in  M ay , 18 -2 2 °C  in June  and 21 °C in July. For in itial experim ents 
‘w in te r ’ anim als collected in M arch  and April w ere kep t a t 5 °C  p rio r  to use, 
w h ils t  fo r la te r experim ents ‘sum m er’ anim als collected in June and July w ere  
k e p t a t  20  °C p r io r  to use. P. inerm is w ere collected in  July a t H äm m eren .

S alin ity  to le rance  w as determ ined by placing individual anim als in dishes 
w ith  w a te r  o f  know n salinity in the range 0 -37  %o. The dishes w ere covered to 
p re v e n t evpora tion , an d  the anim als w ere no t fed. Unfed anim als lived fo r over 
3 0 0 h  and  deaths before this tim e were considered to  be due to  the effects o f 
sa lin ity . T o lerance w as expressed as the ability fo r half of the p o p u la tio n  to  
rem a in  alive after a  know n tim e interval and denoted  as L T S0 (Lethal T im e  
50  % ) a t  a k n o w n  salinity. W here any anim als rem ained alive a t  3 0 0 h  th e  %  
su rv iva l w as calcu lated . The osm otic  concentra tion  of the b lo o d  w as d e te r­
m in e d  by  the m elting -po in t m ethod  (H orlyck 1973). Samples o f blood w ere  
co llec ted  from  the h ea rt and do rsa l artery by piercing the thorac ic  som ites 
u n d e rn e a th  the  posterio r part o f the carapace w ith  a fine glass cap illary  w h ils t 
the  an im al w as u n d er paraffin . P rio r to sam pling the anim als w ere kep t for 4 8  h 
in  d ish es of k n o w n  salinity, and before collection o f the sam ple they  w ere gen tly  
d r ie d  w ith  a p a p e r  tissue. The sa lin ity  tolerance and  the osm otic concen tra tion  
o f  th e  b lo o d  w ere determ ined fo r both  w in ter and  sum m er an im als a t 5 °C, and
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fo r  w in ter anim als a t  5 °C , and  fo r w in ter anim als a t 15 °C an d  fo r sum m er 
an im als  a t 20 °C, using bo th  m ale and  fem ale anim als, in th e  si2 e range 14- 
2 0  m m  length. T o  evaluate  the ab ility  o f the anim als to  ad a p t its b lo o d  concen­
tra t io n  to  new  salinities, anim als w ere transferred  ab ru p tly  from  sea w ater 
(2 8  %o) to  diluted sea w ate r (3.5 %o), and anim als w ere then rem oved  for sam pl­
in g  a t hourly intervals.

T h e  ionic com position  o f the b lood  w as determ ined for an im als m ain ta ined  
a t  5 ° C  at 27.5, 18 and  10 %o. Sam ples o f b lood w ere collected as above except 
t h a t  the tissue-dried  anim al w as n o t held under paraffin . By apply ing  careful 
su c tio n  to  the capillary  1 p.1 of b lo o d  could be ob ta ined , although  in the case of 
p o ta ss iu m  only 0.5 /¿I w as w ith d raw n  to  avoid any risk  of ce llu lar con tam ina­
tio n .

F o r the determ ination  of ch loride con ten t the  b lood  sam ple w as used directly 
in  a  R adiom eter C M T 10 C hlo ride  titra to r . T his appara tu s relies o n  the  accurate 
d e term in a tio n  o f sam ple volum e w hich w as checked by th e  use o f standard  
so lu tio n s  in the sam e capillary  used fo r the blood sam ple.

C a tion  concentra tions w ere determ ined  w ith  a U nicam  SP 90  a to m ic  ab so rp ­
t io n  spectropho tom eter. F or sod ium  analysis the 1 p i b lood  sam ple of one 
a n im a ls  w as d ilu ted  w ith  3 ml o f deionised w ater. F o r po tassium  analysis, for 
w h ic h  the apparatus is less sensitive, the b lood  o f  2 o r 3 an im als w as pooled  and  
d ilu ted  w ith  1 ml o f deionised w ate r. F or calcium  analysis, th e  b lood  o f 2 o r  3 
an im als  together w as d ilu ted  w ith  1 m l o f  0.78 % EDTA so lu tion , to  reduce 
so d iu m  interference. F or m agnesium  analysis, the blood o f  one anim al w as 
d ilu te d  w ith  3 ml o f  0 .78 % ED TA . T he results are expressed as m e q u iv  I-1 , 
a n d  the m ean and  s ta n d a rd  dev iation  calculated for each io n  a t each salinity.

T h is  study was conducted during the tenure  o f  a Leverhulme T rust Faculty Fellow ship in European 
S tud ies, which is gratefully acknow ledged. It is a pleasure to acknow ledge the sup p o rt o f  the staff 
o f  the M arine Biological L aboratory , H elsingar, especially D r Lars H agerm an.

R E SU LT S 

Salin ity  tolerance

F ig . 1 show s the results o f the salin ity  to lerance experim ents. ‘W in te r’ anim als 
a t  5 °C w ere able to  to le ra te  a t least 3 .5  to  3 7 %o for over 3 0 0 h. w h ich  was the 
lim it th a t h ad  been set fo r the L T 50. T hey  died alm ost im m ediately in fresh­
w a te r ,  and  the LT50 in  1.2 %o w as 87 h. ‘W in ter’ anim als a t 15 °C w ere less able 
to ' w ith stand  low  salin ities, having an  LT50 of 32  h a t 3.5 %o, com pared  to  over 
3 0 0  h a t  5 °C.

‘S um m er’ anim als a t 5 °C  and a t  20 °C both  show ed a progressive reduction  
o f  L T 50 in salinities below  6%o. A t 5 °C  the LTS0 w as over 300  h  a t 6 %0, then
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F ie . 1. T h e  m edian lethal time (LT50) o í  Praunus flexuosus  in  relation to salinity. For salinities 
w here  any  anim als rem ained alive a t the end o f  300 h the LTS0 w as deemed to be infin ity , and th e  
percen tage  survival a t 300  h w as calculated. D ata are  presented  for winter anim als a t 5 °C  (®) an d  

15°C  (O), and for sum m er anim als a t 5 °C (■ ) and 20 °C (□).

165 h a t 5 % o, 108 h a t 4  %o, 42 h a t 2 .5  % o, an d  4 h  a t  1.2 %o. A t 2 0 ° C  the com ­
p a ra b le  values for L T 50 w ere 93 h a t 5 % o, 88 h a t 4 %0 and 53 h a t 3 % . A t 35 %o 

th e  L T 50 w as 126 h  a t 5 °C and 48 h  a t 20  °C.
T h e  percen tage-su rv ival results reveal th a t th e  anim als survived best a t  sa lin i­

ties be tw een  12 an d  30 %o, w ith all trea tm en ts  y ielding 75 % o r m o re  survival a t  
3 0 0  h in these salinities. The results show  an  enhancem ent of surv ival at low  
sa lin ities  w hen  the anim als are kep t a t  low  tem peratu re , which w as especially 
p ro n o u n c e d  in  anim als collected in w in ter.

O sm otic  regulation

F igu res 2 A -D  show  the osm otic concen tra tion  o f  th e  blood o f P. flexuosus. All 
sh o w  a cicar p a tte rn  o t hyper/hypo-osm oregu la tion , w ith the b lo o d  co n cen tra­
tio n  being m ain ta ined  hypo-osm otic  to  the m edium  in salinities above 2 0 -  
2 2  %o, a n d  hyper-osm o tic  to the m edium  in low er salinities, in  w in te r an im als
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m ain ta ined  a t 5 °C (Fig. 2 A) th is p a tte rn  of osm oregulation m ean t th a t over the 
range o f  salinities o f  3 to  3 7  %o, the blood concentra tion  increased from  14 %o 
up to  2 7  %o. T he p a tte rn  o f hyper/hypo-osm oregu lation  w as extremely con­
s is ten t in  all experim ental conditions. Thus in w inter anim als a t  5 °C the isos- 
m o tic  p o in t w as 21 %o and  w in ter anim als a t 15 °C (Fig. 2B) had  the isosmotic 
p o in t a lm o st identical a t 22  %o. Sum m er anim als (Fig. 2 C  & D ) show ed the same 
hy p er/h y p o -o sm o tic  p a tte rn  w ith  the isosm otic p o in t a t 21 %0 a t 5 DC, and at
2 0  %o.
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FlC. 2. T he osm otic concentration  o f the blood of Praunus flexuosus  in relation to salinity. The 
solid line indicates the isosm otic line, and the blood concentration o f  P. flexuosus from Isefjord is 
show n by the filled circles, w ith their regression shown by the dashed line. The open circles re­
p resen t P. flexuosus  from  N ivá, and the dotted line represents the data o f McLusky &  Heard 
(1971) for P. flexuosus  from  Loch Etive. A, w inter animals m aintained at 5 °C. B, w inter animals 
m aintained a t 15 °C. C , sum m er anim als m aintained at 5 °C. D , sum m er animals m aintained at 
20 °C. T he blood concentration  o f Praunus inermis is shown by the triangles, and the dotted/

dashed line.
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T a b le  1. Blood concentration o í  Praunus ßexuosus in relation to  salinity. W here y =  blood eone.,
X =  medium, expressed as A °C

Experim ent Regression equation
Correlation
coefficient

N um ber o f 
observations

W in ter 5 °C y = 0 .4 0 4 5 x 4  0.6984 0.9209 26
W in ter 15 °C y =  0.442 6x 4  0.6625 0,9433 15
Sum m er 5 °C y =  0.3462X +  0.7287 0.9281 13
Sum m er 20 °C y =  0 .3 8 4 3 x 4  0.6857 0.9529 13
Loch Etive 5 °C 

(M cLusky öc H eard 1971)
y =  0 .4 4 6 1 x 4  0.8281 0.8637 54

P. inerm is 20 °C y =  0 3 0 7 6 x 4  0.8194 0.9191 7

TABLE 2. Com parison of regression lines, presented in Table 1.

C om parison t
Slope

Significance
Elevation 

t Significance

W in ter 5  °C v W inter 15 °C 0.6996 n.s. 0.1744 n.s.
W in ter 5  °C v Sum m er 5 °C 0.9330 n.s. 0.9028 n.s.
W in ter 5  °C v Sum m er 20  °C 0.2004 n.s. 0.9812 n.s.
W in ter 15 °C v Sum m er 5 °C 1.3313 n.s. 0 .9740 n.s.
W in ter 15 °C v Sum m er 20 °C 0.7083 n.s. 0 .8837 n.s.
Sum m er 5  °C v Sum m er 20 °C 0.6749 n.s. 0 .1060 n.s.
W in ter 5 °C v Loch Etive 5 °C 0.8279 n.s. 5 .2200 P =  <0.001
W in ter 15 °C v Loch Etive 5 °C 0.0622 n.s. 4.3800 P =  <0.001
Sum m er 5 °C v Loch Etive 5 °C 1.5842 n.s. 5.5300 P =  <0.001
Sum m er 20  °C v Loch Etive 5 °C 0.7997 n.s. 5 .5100 P =  <0.001
P. ß exuosus  20 °C v P. inermis 20 °C 1.1027 n.s. 1.8400 n.s.

R egression  lines w ere calculated for each experim ental trea tm en t (T able 1), 
a n d  in  all cases the correla tion  coefficient o f  the regression was g rea ter than  0.9 
in d ica tin g  a h igh  degree o f correlation. S tatistical com parison of the regression 
lines revealed  n o  significant differences in either slope or elevation (T able 2), 
an d  th u s  no sign ifican t effect o f  either season or tem perature on the osm otic 
co n c en tra tio n  o f the  b lood  of P. ßexuosus  from  the Isefjord w as found.

T a b le s  1 an d  2 also include da ta  from  M cLusky &  H eard  (1971) on the 
o sm o tic  co n cen tra tio n  o f  the b lood  o f  P. ßexuosus  from Loch Etive, Scotland. 
F o r  these  an im als th e  isosm otic po in t was found to  be a t 27 % , and  the slope of 
th e  reg ression  o f  the Loch Etive dara did no t differ from the Isefjord results, bu t 
th e  e leva tion  o f  the  regression was significantly different (P =  <  0 .001 ) a t all
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FlG. 3. T he blood concentration o f  Praunus flexuosus, o f anim als transferred abruptly  from sea 
w ater to dilute m edia (3.5 %oS), in relation  to time after transferrance.

tem peratu res and seasons. T hus a t  any given salinity the  Loch Etive anim als had  
a h igher b lood  concen tra tion  than  the Isefjord anim als. T he b lood  concentra­
tio n  o f a  few P. ß exu o su s  ob ta ined  from  N ivä, 15 k m  sou th  of H elsingor w as 
sim ilar to  the Loch Etive anim als (Fig. 2A).
W h en  anim als w ere transferred  from  sea w ate r (28 %o) in to  a  d iluted sea w ate r 
(3 .5  %o) a t 5 °C the blood concen tra tion  rap id ly  ad justed  to the new  conditions. 
Fig. 3 show s th a t over the first 3 h the blood concen tra tion  fell from 24 %o to  
17 %o and  dow n to 14.5 %o, w hich w as the new  stable blood concen tra tion , over 
th e  follow ing 3 hours.

T h e  b lood  concen tra tion  o f P. inerm is w as determ ined for sum m er anim als a t 
20  °C , and found n o t to  differ significantly from  P. ß ex u o su s  under the sam e 
cond itions (Fig. 2 D , Tables 1 &C 2).

Ion ic  regulation

T ab le  3 show s the ionic com position  o f the haem olym ph o f P. ßexuosus , w ith  
the m ean and  s tandard  dev iations for each ion at th ree salin ities, as well as the 
ion ic com position  o f the m edium  at each salinity. Sodium  is m aintained hypo- 
ion ic to  the m edium  in  27.5  %o sea w a te r, and hyperion ic  in 18 and 10 %o. 
P otassium  and  calcium  are m ain ta ined  hyperionic to  the m edium  in all salin i­
ties, w h ils t m agnesium  is m ain ta ined  m arkedly  hypoionic in  all salinities. C h lo ­
ride is m ain ta ined  hypoionic in 27 .5  %o, a lm ost isoionic in 18 %o and  hyperionic 
in 10 %o.
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T a b le  3. Ionic com position of the blood of Praunus flexuosus. All concentrations are  expressed
as m eq u iv T 1.

M edium , Blood, m e q u iv T 1 N um ber o f M edium,
%o Salinity Ion Mean S.D. Observations m  eq I-1

10 Sodium 243.0 41.0 6 137
18 - 261.8 21.4 6 246
27.5 - 294.7 47.9 7 376

10 Potassium 7.7 2.6 5 2.9
18 - 8.6 2.1 7 5.2
27,5 - 10.4 4.0 6 7.9

10 Magnesium 12.4 5.5 9 31.2
18 - 13.0 4.5 6 56.2
27.5 - 20.0 11.0 7 85.8

10 Calcium 10.1 1.7 7 5.9
18 - 11.8 1.9 5 10.7
27.5 - 20.8 3.5 10 16.4

10 Chloride 261.1 18.6 9 160
18 - 299.1 30.8 8 287
27.5 - 333.7 38.0 11 439

T a h le  4. Sum m ation of the ionic composition of the blood of P. ßexuosus.

M edium  
%o S. f. pt. f.p t.

Blood 
m eq I-1* N a+ K4 Mg24 Ca24

Total
Cation cr

Total
A nion’ *

10 0.55 0.95 278 243.0 7.7 12,4 10.1 273 261.1 289
18 0.98 1.10 322 261.8 8.6 13.0 11.8 295 299.7 328
2 7 .5  1.49 1.19 348 294.7 10.4 20.0 20.8 346 333.7 362

* Freezing po in t may be converted to mmol NaCl equlv. 1 1 by the factor 293 (Nicol 1972) 
* ’ Including 28  m eq i' 1 for SO„24 (Nicol 1972).

A  su m m atio n  o f  the ionic concentrations is m ade in T able 4, an d  a co m p ari­
so n  m a d e  w ith  the results o f the osm otic concentration . A t 2 7 .5  %o the to ta l 
io n ic  co n c en tra tio n  calculated from the osm otic concentration is 348 m  eq I -1 , 
w h ils t  the sum  o f cations totals 346 m eq I -1 , and the estim ated an io n  to ta l is 
3 6 2 m e q l -1 . A t 18 %o the com parison is 3 2 2 r n e q l -1 from the osm otic  con­
c e n tra tio n , 295  m eq I -1  for cations and 328 m e q l -1 for anions. A t 10 %o the 
co m p ariso n  is 278  m eq I “ 1 from  the osm otic concentration, 261  m eq I -1  for 
c a tio n s  and  2 8 9  m  eq l -1 for anions. T hus in general the ionic concentra tions 
d e te rm in e d  exp lain  the osm otic concentration  of the haem olym ph.



O S M O T I C  AN D  I O N I C  R E G U L A T I O N  OF P R A U N U S  F L E X U O S U S  1 9 9

D IS C U S S IO N

T h e salin ity  to lerance experim ents show ed an abso lu te salinity  to le rance ran g e  
o f a t least 3.5 to  37  %o w ith  m ax im al survival a t salinities fro m  12 %o to  3 0 %o, 
w hich m ay be com pared  to  the  environm ental salinity o f 18-20% o in  the ir 
Isefjord hab ita t. M cLusky &  H eard  (1971) showed a sim ilar sa lin ity  to le ran ce  
range o f  2-33 %o fo r P. ß ex u o su s  from  Loch Etive, m ain ta ined  a t  5 °C. Percival 
(1929) recorded P. ß ex u o su s  liv ing in the T am ar estuary , E ng land , a t d o w n  to 
0 .3  %o, w hich is certain ly  low er th a n  the Isefjord popu la tion  is able to  w ith ­
stan d . V lasblom  &c E lgershuizen (1977) found th a t P. ß ex u o su s  from  Bom - 
m enee, N etherlands, collected a t  2 8 -3 0  %o, show ed highest surv ival betw een  14 
an d  36 %o, and show ed a m ark ed  decline in survival below  14 %u. T h ey  also 
show ed th a t the salin ity  to le rance of P. ßexuosus  w as m arked ly  affected by 
tem pera tu re , w ith  only  10 %  o f  the  experim ental popu la tion  surviving 20  °C  fo r 
5 days. The environm ental tem pera tu re  a t the time o f their collection  w as 12 .5 - 
17 °C an d  it w ould  ap p e ar th a t the ir population  w as less ab le  to  to le ra te  high 
tem peratu res th a n  the Isefjord  popu la tion  w hich regularly  experiences over 
2 0  °C. F or w in ter an im als in the  presen t study a clearly enhanced  ab ility  to  
w ith stan d  low  salinities w hen  com bined w ith  low  tem peratu res has been show n. 
T h is is typical o f tem perate  crustacea from  low salin ity  regim es (D orgelo  1976) 
and  w as also found  by V lasb lom  &  Elgershuizen (1977).

A seasonal difference w as ap p a ren t in the salinity to le rance results. In su m ­
m er the beneficial effect o f low  tem peratu re  on to lerance o f  salin ity  ex trem es 
w as less m arked  th a n  in  w in te r. S im m ons &c Knight (1975) found a sign ifican t 
effect o f season on  the  resp ira tion  o f  the mysid, N eom ysis  m ercedis, w h ich  they 
a ttr ib u ted  to  physio logical changes preceding reproduction . In  the p resen t s tudy  
the  w in ter anim als w ere  predom inate ly  non-gravid  fem ales, w hereas g rav id  
fem ales dom inated  the  sum m er collections. Thus it m ay be th a t the d iffe ren t 
physio logical sta te  influenced th e  effects o f salinity, w ith  the  g rav id  fem ales 
being  less able to  w ith s tan d  low  salinities.

T he clear p a tte rn  o f  hyper/hypo-osm oregu lation  in  the b lo o d  P. ß e x u o su s  
an d  P. inerm is  w as also no ted  by M cLusky 8c H eard  (1971) fo r S cottish  p o p u ­
la tio n s o f the m ysids P. ß ex u o su s  and N eom ysis integer an d  by D o rm aa r 8c 
C orey  (1973) for M ysis stenolep is , although  D orm aar 8c C orey (1978) found  
th a t  M ysis relicta  w as a hy p er/iso -o sm o tic  regulator. T he h y p er/h y p o -o sm o re ­
g u la to ry  pattern  is typical of m an y  b rack ish -w ater crustacea (Kinne 1971 ; for 
review ).

W eber 8c S paargaren  (1970) found  an inverse co rre la tion  betw een tem p era ­
tu re  and  b lood  concen tra tion  in  Crangon crangon , w h ilst D orgelo  (1977) co n ­
c luded  th a t tem pera tu re  h ad  n o  effect on osm otic regulation  in th e  p o p u la tio n s 
o f  C haetogam m arus m arinus, G am m arus tigrinus and G am m arus fo ssa ru m  
th a t  he studied. In  the  p resen t study  no  effect o f either tem peratu re  (5, 15 o r
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20  °C) or seasonal acclim ation (winter o r  summer) on  the b lood  concentra tion  
o f  P. ß ex u o su s  has been  found. T his suggests th a t the Isefjord p o p u la tio n  is well 
a d a p te d  to  cope w ith  a wide range of environm ental tem peratures.

C o m p ariso n  o f  the present results w ith  those of M cLusky &  H eard  (1971) 
reveals a sta tistica lly  significant low ering o f the blood concen tra tion  a t all 
sa lin itie s  in  anim als from  Isefjord com pared to  those from Loch Etive. T he 
an im als  in  th e  Isefjord experience a stable salinity regime of 1 8 .5 -20  %o, w here­
as th o se  from  Loch Etive experienced a fluctuating  salinity reg im e of 2-18 %0.

F ro m  these da ta  one may ask why euryhaline crustacea from  low  salinity 
a re as , w hen  exposed to  any given experim ental salinity, m ain ta in  their blood 
c o n c en tra tio n  a t a higher concentration  than  anim als from h igh salinity areas 
exp o sed  to  the sam e experim ental salinity? T he present results suggests th a t the 
b lo o d  concen tra tion  o f anim als from  different salinity regimes are norm ally 
a d a p te d  to  be m ain ta ined  at sim ilar levels to each other, despite the differences 
in  ex te rn a l salinity . F o r P. ßexuosus  from  Isefjord a t an external salin ity  o f 18- 
2 0  %o the  b lood  concentration is m aintained a t 19.8-21.3 %o, w hereas those 
fro m  Loch E tive a t an  external salinity o f 2-18 %o m aintain the ir b lood  a t 16.5- 
2 2 .9  %o. It is clear th a t despite the different environm ental salinities the blood 
c o n c en tra tio n s  overlap  considerably.

In  M esidotea  en tonom  and G am m arus duebeni, Lockw ood e t al. (1976) 
sh o w e d  th a t the b lood  concentration of fresh-w ater populations are m aintained 
a t  levels s im ilar to  those m aintained by b rackish-w ater stocks. Sim ilarly, Theede 
(1 9 6 9 ) found  th a t in low  salinity the blood o f Carcinus w as o f a  higher osm otic 
co n c e n tra tio n  in anim als from less saline areas. For Crangon , com parison  of the 
re su lts  of H agerm an  (1971) and  W eber &  Spaargaren (1970) show s th a t the 
b lo o d  con cen tra tio n  o f  animals from  the 0 re su n d  (10-20 %>) is m aintained a t a 
s im ila r  con cen tra tio n  (22-24.7  %o) to  th a t o f anim als from  the W adden  Sea at 
D e n  H e ld e r  (26-33  %o) w hich m ain ta in  their b lood  at 24 .7-29 .3  %o.

T h e  inverse relationship  betw een environm ental salinity and  blood concen­
t r a t io n  show n  here m ay thus be viewed as an enhancem ent o f the hyper/hypo- 
o sm o tic  regu la tion . F o r P. ß exu o su s  the  process o f hyper/hypo-osm oregula- 
tio n , w ith  the  level o f regulation adjusted  according to  the no rm al external 
sa lin ity , serves to  keep the internal environm ent a t 20 ±  3 %  in anim als in their 
n o rm a l h ab ita t.

T h e  im p o rtan ce  o f environm ental salinity in developing osm otic acclim ation 
is sh o w n  by  th e  lim ited results from  N ivâ. The salinity here is norm ally  8-10 %o 
(M u u s  1967) and  th e  anim als show ed a  pa tte rn  of osm otic regulation m ore 
s im ila r to th a t of the low  salinity Loch Etive animals than the near-neighbouring 
b u t  h igher-sa lin ity  Isefjord anim als. The sm all num ber o f anim als sam pled from  
N iv â  how ever m akes statistical com parison invalid.

P. ß e x u o su s  is able to  ad a p t quickly to (3-6  h) to a m arked reduction in 
sa lin ity . In th is  respect they closely resem ble the euryhaline M ysis stenolepis ,
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w hich  D orm aar &c C orey (1973) found could ad a p t to  all salinities o th e r  than  
0 %o w ithin 3 h. T ogether P. ß exu o su s  and M. stenolepis  p rov ide a  m arked  
c o n tra s t to  M ysis relicta  w hich D orm aar 6c Corey (1978) fo u n d  needed 5 -6  
days to adap t to  new  salinities.

T h e  finding th a t Praunus inermis is a hyper/h y p o -o sm o reg u la to r differs from 
th e  results o f Belyaev (1949), w ho found th a t it w as able to  m a in ta in  th e  osmo- 
la rity  a f the body fluids co n stan t over the range o f salin ity  o f  5 -3 2  %o, w hereas 
th e  anim als stud ied  here show  an increase of b lood  co n cen tra tio n  from  16.5 to  
2 5 .1  %o over the sam e range.

T o  facilitate com parison  betw een different species, R obertson  (1949, 1953) 
expressed  ionic concen tra tions as relative units, w here ch loride is expressed as 
100  and the w eights o f  o th e r  ions calculated on the  basis o f the ir atom ic w eight. 
In  T ab le  5 the relative ionic com position  of the b lood  o f  P. ß ex u o su s  a t the 
th re e  experim ental sa lin ities is presented, along w ith  the d a ta  o f  Lucu (1978) 
fo r  the  mysid L ep to m ys is  m editerranea, the data o f  R o b ertso n  (1 9 4 9 ,1 9 5 3 ) fo r 
15 m arine  crustacean  species, and  calculated data fo r 6 b rack ish -w ater c ru sta ­
cea  m ain ta ined  over the range 1-55 %o (C orophium , M cLusky (1968); Crangon, 
H ag e rm an  (1973); Callinectes, Engel (1977); H em igrapsus, D ehnel (1967); 
L ea n d er  [Palaem on), P arry  (1954); Penaeus, V enkataram iah  et a l  (1974)).

C om parison  of th e  ionic com position of the b lood  o f P. ß ex u o su s  w ith th a t 
o f  sea w ate r reveals th a t a t all 3 salinities studied the  sod ium  con ten t is k ep t 
p ro p o rtio n a lly  a little  higher than  the chloride con ten t. T he po tassium  con ten t 
is k ep t 60 %  higher than  sea w ate r, the m agnesium  co n ten t is m ain ta ined  a t 
2 5  %o of the level in sea w ate r, and the calcium con ten t is m ain ta ined  ap p ro x i­
m ately  3 0 %  higher th a n  sea w ater, C om parison w ith  o th e r  species show s

T ab le  5. Relative ionic composition o f the blood of m arine and brackish Crustacea.

Ion
A tom ic  weight

c r
35.4

N a*
23.0

K*
39.1

Mg1*
24.5

Ca3+
40.1

P. ßexuosus  10 %o (this paper) 100 60.4 3.25 3.28 4.38
P.ßexuosus  18 %o — 100 56.7 3 .1 7 3.01 4.47
P. ßexuosus  27.5 %o - 100 57.4 3.45 4,15 7.07
Leptom ysis  2 4 .7 %o (Lucu 1978) 100 56.6 2 .47 - -
Leptom ysis  36 %o — 100 55.5 2.68 - -
L eptom ysis  42.5 %o - 100 61.2 3.83 - -
Brackish-w ater Crustacea 1-55 %o, 6 spp.* 100 62.2 3.01 4.37 6.98
M a rin e  Crustacea 15 spp. (Robertson 1949, 1953) 100 61.0 2.50 7.26 5.6 6
Sea w ater (Nicol 1972) 100 55.7 2 .00 13.50 4.22

* D a ta  from, and calculated from , McLusky (1968), Hagerman (1973), Parry  (1954), Engel (1977), 
D ehnel (1967) and V enkataram iah et al. (1974).

All da ta  calculated on a m equiv I-1 basis.
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s im ila r values fo r sod ium  in the mysid Leptom ysis m editerranea  and  o th er 
m a rin e  an d  brack ish-w ater crustacea. The potassium  level in P. flexuosus  is 
s im ila r to  th a t  o f L ep tom ysis, and  the mean of the m ysid values (3 .14) is sim ilar 
to  o th e r b rack ish -w ater crustacea, and slightly higher th a n  the m arine c rusta­
cea. P o tassium  values are no toriously  liable to elevation if the b lood  is con­
ta m in a ted  by any cellular m ateria l, and the differences no ted  should  be viewed 
w ith  cau tion . R obertson  (1953) show ed a  range of m agnesium  values from  
2 0 %  o f sea w ate r in  active crustacea to 1 0 0 %  in less acrive species. T he 
m agnesium  values fo r P. ß exu o su s  (3 .01-4.15) are 22-30  %  o f sea w ate r and 
th u s  P . ß ex u o su s  is clearly am ong the m ore active species. Calcium  values are 
liab le  to  m a rk e d  v aria tion  due to  the  m oult cycle (H agerm an 1973), how ever it 
m ay  be seen th a t the  values fo r P. ßexuosus  are w ithin the range noted  for o ther 
m a rin e  a n d  brack ish -w ater crustacea, all being greater th a n  sea w ate r. T he 
io n ic  concen tra tions determ ined account for the observed osm otic concen tra­
tio n  o f  the  b lood , and  together they show  how  w ell this p o p u la tio n  from  the 
Isefjo rd  is adap ted  to  its hab ita t.
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