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A B S T R A C T

T h e  o sm o reg u la tio n  o f  Idotea baltica, I . viridis a n d  I. granulosa  f ro m  D e n m a rk  w as investiga ted  
in  a n  a tte m p t to  e lucidate  th e ir  eco log ical d is tr ib u tio n . A ll w ere ab le  to  keep  th e ir  h aem o ly m p h  
h y p ero sm o tic  re lative to  th e  m ed iu m  in  sa lin ities be low  30 °00. A b o v e  th is co n c e n tra tio n  th ey  
w ere  isosm otic.

T h e  low er sa lin ity  lim its to le ra ted  v a ried , as it w as 5, 7 and  9 %0 fo r  respectively  I . viridis,
I .b a ltic a  and  I.granulosa , ¡ .v irid is  w as a  s ign ifican tly  b e tte r  o sm o reg u la to r  th a n  th e  tw o  o th e r  
species.

W h en  tran sfe rred  from  h igh to  low  sa lin ity  w a te r  th e  h aem o ly m p h  co n c e n tra tio n  d ro p p ed  
ra p id ly  in all species w ith in  th e  firs t th re e  h o u rs . A fte r  24 h o u rs  an  a lm o st s te ad y -s ta te  co n ­
d itio n  w as reach ed . W hen  exposed  to  a  sud d en  ra ise  in  sa lin ity  all reg u la ted  to  th e  n ew  steady- 
s ta te  s itu a tio n  w ith in  th ree  h ou rs.

T h e  physio log ical d a ta  fo u n d  in these  experim en ts  fit in  w ith  th e  k now n  eco log ical d is trib u ­
t io n  o f  th e  th re e  species.

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

T h e ecological d istribu tions o f  Idotea  baltica  (Pallas), I. granulosa  R a th k e  an d  
I. viridis (S labber), have been discussed in  several reports.

I. viridis is a  b rackish  w ater species fo u n d  in  localities w here th e  salinity 
fluctuates an d  periodically  reaches extrem ely low  values (0%o) (Sywula, 1964 b).

N ay lo r (1955) found  I. viridis in  tida l poo ls w ith  fluctuating  salinities (6.8- 
38.6%0). M uus (1967) d id  n o t find it in  salinities less th a n  4-5%0 in D an ish  estu ­
aries an d  lagoons, outside o f  w hich it is rep laced  by I.baltica . N ay lo r (1955) 
associa tes the  la tte r species w ith  drifting  algae.

Segerstrâle (1944) repo rts  th a t all th ree  species occur fa r in to  the B altic Sea 
w ith  I.granulosa  in  salinities as low  as 6%0, an d  I. viridis and  I.ba ltica  in  3.5%0.
I.granulosa  h as alm ost the  sam e d is trib u tio n  as I.baltica. N ay lo r (1955), how ever, 
fo und  I. granulosa  am ong algae in  the in te rtid a l zone. T he m ain  ecological fac­
to rs  influencing the  d istribu tion  o f  these th ree species a re  salin ity  an d  w ater 
m ovem ent (Sywula, 1964b, M uus, 1967).
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A ll th ree  species to le ra te  salinities higher th a n  35 %0. H ence the low er lim its 
are o f m ore  in te rest. N ay lo r  (op. cit.) fo und  th a t I. viridis to le ra te  4 -6 %0 and 
I. granulosa 9%0, w hich agrees w ith  the findings o f T o d d  (1963). Syw ula (1964b) 
d istinguished betw een m in im um  abso lu te salin ity  w hich is w h a t a  given organism  
can  to le ra te  periodically , an d  m in im um  m ean  salinity w hich is w hat is required  
to  m ain ta in  life. I. baltica  an d  I. granulo sa show ed the sam e to lerance, viz. a 
m in im um  abso lu te sa lin ity  o f  4%0 and  the m in im um  m ean salinity  should  be 
above 4.25%0, w hereas I.v irid is  has a  m in im um  abso lu te salin ity  o f 0.2%o and  
requ ired  a  m in im um  m ean  salinity above 3%0.

A ccord ing  to  M uus (1967) I. viridis prefers shallow  w aters w ith  irregu lar o r 
regular renew al o f  w ater. Syw ula (1964 b) finds I. viridis in  a  few localities w ith 
stro n g  w ater m ovem ents, b u t only n ear rivers w here the sa lin ity  is fluctuating. 
I. baltica  prefers con tin u o u s renew al o f  w ater w hereas I.granulosa  prefers strong  
cu rren ts o r waves (M uus, 1967).

T o fu rth e r elucidate the  ecological d is tribu tion  o f  these th ree  species, i t  was 
decided to  com pare  the ir osm oregulatory  abilities, u n d er vary ing  salinities. The 
pap e r is p a r t  o f a  la rger com parative  investigation  o f the ecophysiology o f  the 
th ree  species. A  com p ariso n  o f the diel activities o f  I.ba ltica  an d  I. granulosa  is 
pub lished  elsew here in  th is  jo u rn a l (H orlyck , 1973).

I  am  grateful to  fil. lie. L .H ag erm an  fo r m uch  helpful d iscussions an d  I  also 
w ish to  th a n k  M iss. H . H ansen  fo r technical assistance.

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

I. baltica  an d  I.granulosa  w ere caugh t n o r th  o f  H elsingor a t  a  dep th  o f  0.5-5 metres. 
I. viridis w as caugh t in  P ræ sto  f jo rd  (sou thern  Sjælland) a t a  d ep th  o f 0-1 m etre. 
B o th  fem ales an d  m ales w ere used. A fter collection all an im als w ere p laced  in 
w ater o f  the  sam e salin ity  as th e  b io tope-w ater an d  acclim ated to  10° C, a t w hich 
tem p era tu re  all axperim en ts w ere done.

Tw o types o f  experim ents w ere perform ed, steady-sta te  experim ents and 
experim ents w ith  sudden  changes in  the salinity. In  the  steady-sta te  experim ents, 
the an im als w ere firs t acclim ated as described above fo r a t  least 24 ho u rs  and 
then  transferred  to  the  experim ental salinities. E ach  anim al w as p laced in  a  300 
m l glass bow l w ith  a  glass lid in  200 m l w ater an d  w ith  a  piece o f  algae 
(Furcellaria fa s tig ia ta )  as food  an d  substra te . A fter a t least 4 days, w hich was 
considered  long enough  fo r com pleate acclim ation (see T o d d , 1963), haem o­
lym ph sam ples w ere taken.

In  experim ents w here changes in  osm otic concen tra tion  o f  the haem olym ph 
w ere follow ed, th e  an im als w ere first acclim ated 24 hrs. to  10° C  as described 
above. T hey  w ere th e n  acclim ated fo r a t least one w eek in  w ater o f  h igh/low  
salinity  an d  then  tran sfe rred  to  low /high salinity w ith  one an im al in  each  bowl.
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H aem o ly m p h  sam ples w ere taken  ju s t before transfer to  the  new salinity, then 
once every h o u r  fo r th ree hou rs, an d  afte r th a t a t increasing intervals.

Low er salinity w ater was m ade by d ilu ting  sea-w ater w ith deionized w ater. 
L ig h t/d a rk  cond itions in  the  co ld ro o m  w as the sam e as the  n a tu ra l ligh t/dark  
cycle. O nly anim als in in te rm o u lt stages w ere used.

Before the  haem olym ph sam ples w ere taken , the an im als w ere w ashed in  de­
ion ized  w ater and  gently dried  w ith  a  K leenex M edical W ipe an d  then  placed 
u n d e r liquid paraffin . A  haem olym ph  sam ple o f  a b o u t 0.03 pi was ta k en  directly  
fro m  the  h e a r t w ith  a  capillary  glass tu b e  inserted  from  the  dorsal side. The 
sam ple was sealed in  b o th  ends w ith  liqu id  paraffin . Each an im al was used once only.

T h e  osm otic  concen tra tion  o f  the haem olym ph  was determ ined by  the freez­
ing-po in t depression m ethod , using a  m odified R am say  (1949) ap p ara tu s , where 
the  tem peratu re  g rad ien t was regu lated  by  a  H E T O  g rad ien t u n it 01 P G  623. All 
haem olym ph  sam ples w ere m easured  w ith in  one h o u r  afte r they h ad  been taken.

T he surface perm eability  o f the  an im als was studied  using the  silver-staining 
technique as described by C roghan  (1958). T h e  anim als w ere w ashed thorough ly  
in  deionized w ater an d  then  p laced fo r five m inu tes in  a 0.02 N  A g N 0 3 solution . 
T h e  an im als w ere then  w ashed aga in  an d  placed in  a  p h o to g rap h ic  developer 
(PQ  universal) to  reduce th e  silverions to  m etallic silver. T o avoid  the  osm otic 
stress th e  process was repeated , b u t w ith  a  0.02 N  A g N 0 3 sucrose so lu tion  isos- 
m o tic  w ith  the m edium  in w hich the  an im als w ere kept. M oreover, sta in ing w ith 
K M n 0 4 as described by C roghan  (1958) was tried . A ll experim ents w ere per­
fo rm ed  during  the sum m er 1973.

R E S U L T S

T h e b lo o d  o f  I.baltica  was hyperosm otic  to  the m edium  in the  salinity  range 
7-30%o (Fig. 1). A bove 30%o the  b lo o d  was isosm otic to  the  m edium . T h e  m ean 
value o f the freezing-point depression  (A  °C ) o f  the  haem olym ph, co rrespond ing  
to  7%0 m edium , was 0.88, an d  the  difference betw een the  b lood  osm otic  con­
cen tra tion  an d  the m edium  reaches a  m axim um  a t th is salinity. I t  w as difficult 
to  keep I.ba ltica  in  a m edium  w ith  a  low er salin ity  th a n  10%o. Still, w ith  gradual 
changes o f the  m edium  over one m o n th , i t  could  be acclim ated to  7%0.

W hen I. baltica  was transferred  fro m  24.5 %0 to  6%0 (Fig. 2) the  A u C o f its 
haem olym ph  fell from  1.42 to  a b o u t 1.0 afte r one hour. I t  then  fell g radually  
d u rin g  the nex t 20 hours to  reach  a  steady-sta te  value (m ean A °C  =  0.8). 
A fter 72 ho u rs  all anim als w ere m o rib u n d  resu lting  in  a  d ro p  in  the  b lood  co n ­
cen tra tion . T his shows th a t I. baltica  is u n ab le  to  survive a sudden  change to  
6%0 as the one here perform ed. W h en  I. baltica  was transferred  from  7 to  25 %0 
(Fig. 3) the  A CC  o f its haem olym ph  rose from  0.71 to  ab o u t 1.28 w ith in  one 
h o u r, an d  du ring  the nex t 5 ho u rs  it  reached  the  steady-state value (m ean A 
°C  =  1.38).
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F ig . 1. T h e  h aem o ly m p h  osm o tic  co n c e n tra tio n  in Ido tea  baltica  acc lim ated  to  d ifferen t salinities.

T h e b lo o d  o f  I. granulosa  was also hyperosm otic  to  the  m edium  in salinities 
below  30 %0 (A  °C  a t  30 %0 =  1.60), and  above th is value the  b lood  was isosm otic 
to  the  m edium  (Fig. 4). T he low est salinity in  w hich I.granulosa  cou ld  be kept 
alive u n d er la b o ra to ry  cond itions was 9 .3 %0 w hich m eans th a t the A °C  of 
the  haem olym ph  was found  to  be 0.85. T h e  difference betw een the osm otic 
con cen tra tio n  o f  th e  b lood  an d  th a t o f the  env ironm ent reached  a  m axim um  
in w ater o f 10%o (A °C  =  1.03).

W hen  I.granulosa  w as transferred  from  25 to  7%0 (Fig. 5) the  haem olym ph 
con cen tra tio n  d ro p p ed  rap id ly  d u ring  the  first h o u r  (m ean A °C  =  1.07). D uring  
the nex t 24 hrs it  reached  a  value (m ean A ° C  =  0.7) w hich was k ep t u n til the 
anim als died (L D  50 =  52 hrs.).
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F ig . 2. T h e  changes in  h aem o ly m p h  o sm o tic  co n c e n tra tio n  o f  Idotea baltica  a cc lim ated  to  
24.5 “óo an d  tra n sfe rre d  to  6.0  %0 salin ity .
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F ig . 3. T h e  changes in  h aem o ly m p h  o sm o tic  co n c e n tra tio n  o f  Idotea baltica  acc lim ated  to
7.0 %0 a n d  tra n sfe rre d  to  25 .0  %„ salin ity .

In  I.granulosa  acclim ated to  9.3 %0 an d  then  transferred  to  25 %0 (Fig. 6) the 
b lo o d  co n cen tra tio n  reached a  s teady-sta te  level (m ean A °C  =  1.38) after 3 hrs. 
T h e  anim als regulated  a lm ost com pletely  a fte r one h o u r  (m ean  A °C  =  1.32).

I. viridis h ad  a  hyperosm otic  haem olym ph  w hen kep t in  w ater o f  a  salinity 
low er th a n  3 0 %0 (Fig. 7) (A  C ° a t 3 0 %0 =  1.62). T he osm otic con cen tra tio n  o f
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F ig . 4. T h e  h aem o ly m p h  osm o tic  co n cen tra tio n  in Idotea granulosa  acc lim ated  to  different
sa lin ities.

the haem olym ph  w as practically  constan t in  environm ental salinities o f  9-20 %0, 
i.e . I.v irid is  was a  100%  efficient osm otic regu la to r in  this interval. Below 9 °00 
the b lood  osm otic  con cen tra tio n  d ropped , an d  in  w ater o f  5%0 the m ean A °C  
was 0.95. H aem olym ph  concen tra tion  in  a  m edium  o f  h igher salinity th a n  30%0 
was n o t m easured , b u t it  is p ro b ab ly  isosm otic  to  the  m edium .

In  the experim ent w here I. viridis w as transferred  fro m  25 to  10%o (Fig. 8) 
the  m ean  A °C  o f  the  b lood  d ropped  fro m  1.5 to  1.35 d u ring  the  first two 
ho u rs  reach ing  a  steady-sta te  value in 24 hrs (m ean A °C  =  1.23). In  th is  experi­
m en t th e  in itial value (tim e 0) o f A °C  a t 2 5 %0 w as slightly higher th a n  the 
co rrespond ing  value found  in the  steady-sta te  experim ent.
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F ig . 5. T h e  changes in  haem o ly m p h  osm o tic  co n c e n tra tio n  o f  Ido tea  granulosa  acc lim ated  to
25.0 °óo a n d  tran sfe rred  to  7.0  %„ salin ity .
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F ig . 6. T h e  changes in  h aem o ly m p h  o sm o tic  co n c e n tra tio n  o f  Ido tea  granulosa  acc lim ated  to
9.3 %0 a n d  tran sfe rred  to  25.0 ,°d0 salin ity .

In  the opposite  experim ent w here I. viridis was transferred  fro m  9.8 to  24.8%0 
(Fig. 9), the b lood  osm otic co n cen tra tio n  w as a lm ost regu lated  w ith in  one h o u r 
fro m  m ean A °C  =  1.15 to  th e  new  steady-sta te  value (A  °C  =  1.37). D u rin g  
th e  nex t 45 h rs the  anim als hyperregu la ted  slightly, and  reached  the  steady-sta te  
value again after 73 hours (A  °C  =  1.43).
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F ig . 7. T h e  h aem o ly m p h  osm o tic  c o n cen tra tio n  in  Id o tea  viridis acc lim ated  to  d iffe ren t salinities.

B oth  silver sta in ing experim ents gave the  sam e results, an d  all th ree species 
w ere sta ined  in  th e  sam e way. O nly the endopod ites o f  the th ree la s t pleopods 
an d  the  “u p p er lip”  w ere coloured. W hen th e  anim als w ere trea ted  w ith  K M n 0 4 
only  the  endopod ites o f  the  la s t th ree p leopods w ere co loured . I f  th e  anim als 
w ere k ep t fo r a  longer p e rio d  in  A g N 0 3 it w as possible to  sta in  the  exopodites 
too .

D I S C U S S I O N

A ll types o f  osm oregu lato ry  p a tte rn s  a re  fo und  am o n g  crustaceans living in  en­
v ironm ents w ith  fluctuating  salinities. A nim als w ith  hyper-hypo  regu la tion  have 
been investigated  by e.g . W ilson (1970), H agerm an  (1971) an d  M cL usky  &
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F ig . 8. T h e  changes in h aem o ly m p h  o sm o tic  c o n c e n tra tio n  o f  Ido tea  viridis acc lim ated  to  25.0 %0
an d  tran sfe rred  to  10.0 %0 salin ity .
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F ig . 9. T h e  changes in h aem o ly m p h  o sm o tic  co n c e n tra tio n  o f  Ido tea  viridis acc lim ated  to  9.8 %0
an d  tran sfe rred  to  24.8 ;'00 salin ity .

H eard  (1971). A nim als w ith  hyperregu la tion  have been rep o rted  on  by T o d d  
(1963), an d  the hyper-isosm otic type has been investigated  by e.g . L ockw ood 
(1959), Riegel (1959), Jones (1972), a n d  H a rris  (1972). I t  is the  investigations dealing  
w ith  rela ted  species w hich are  o f  special in terest in  connection  w ith th is  paper.
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Jones (1972) m ade an  investigation on  th ree  species o f  the  genus Jaera, and  
fo und  th a t the  osm oregulatory  capabilities o f  these species w ere well correla ted  
w ith  th e ir  know n ecological d istribu tion , i.e . Jaera ischiosetosa  an d  J.a lbifrons  
are be tte r regu la to rs than  J.praehirsuta  an d  J.fo rsm an ii in  5 % sea-w ater a t 
17.5° C. T his agrees w ith  the fac t th a t the  tw o fo rm er species live under less 
stab le  cond itions o f  salin ity  th a n  th e  tw o la tter. Jones (op. cit.) fu rth e r  found  
th a t J.forsm anii in  100%  sea-w ater an d  a t  15°C  has a  very h igh haem olym ph 
osm otic concen tra tion . T his is a  fea tu re  w hich resem bles the  co n d itio n  found  in 
L ig ia  oceanica  (T odd , 1963). C om m on to  b o th  species is, th a t th is is an  ad ap tio n  
to  sem iterrestrial life. J.forsm anii is occasionally  exposed to  d rier environm ents 
due to  low  tides. W ilson (1970) investigated tw o species o f the  genus L ig ia  from  
C alifo rn ia, viz. L . occidentalis and  L. pallasii. T hey  w ere n o t hypersaline in  100 % 
sea-w ater as was fo u n d  fo r L . oceanica (T odd , 1963), b u t isosm otic. L.pallasii is 
a  be tte r reg u la to r th a n  L. occidentalis in  w ater o f  low er co n cen tra tio n  th a n  100 % 
sea-w ater. T hey  are b o th  good  hyporegu la to rs in  w ater o f higher concen tra tions 
th a n  100 % sea-w ater. A ccording to  W ilson (1970) th is  co rresponds well w ith 
the ir ecology an d  behavior, i.e . L.pallasii is m oving slow er th a n  L.occidentalis  
and  m ust therefo re stay  longer u n d er hyposa line  conditions, w hereas th e  faster 
L . occidentalis can  a lternate  its activity  betw een periods o f  fou rag ing  in  drier 
te rres tria l env ironm ents and  periods in  w ater o f varying salinities to  replace 
w ater lo st by evaporation .

L. occidentalis is found  on rocky shores fro m  n ear the open  ocean  to  alm ost 
fresh  w ater, an d  th e  tem peratu re  varies trem endously  w here it lives. L.pallasii 
is fo und  5-20 feet above h igh tide m ark , a n d  the  tem peratu re  cond itions a re  no t 
extrem e. T he an im als a re  here often exposed to  hyposaline conditions.

T h e  isopods investigated  in  the p resen t pap e r a re  o f th e  hyper-isosm otic  type, 
w hich seems to  be the m ost com m on am o n g  isopods. A ll th ree  species a re  os- 
m oregu lato rs in  salinities low er th a n  30%0. H ow ever, there is a  m arked  difference 
betw een I. viridis an d  the  o th e r tw o species. I. viridis is a  significantly b e tte r regu­
la to r. T here  is n o  significant difference in  the  osm oregu lato ry  capabilities be­
tw een I.granulosa  an d  I.ba ltica  in  the in terval 10-30%o, b u t fo r  I.granulosa  there 
is a  d ro p  in  b lo o d  con cen tra tio n  w hen th e  low er th resho ld  o f th e  salin ity  to lerated  
by  th is species is reached. H ow ever, con tra ry  to  m e, T o d d  (1963) fo u n d  th a t 
I.granulosa  w as hyperosm otic  in  the  range 9-35%0. I.ba ltica  con tinues to  increase 
the difference betw een th e  haem olym ph osm otic  concen tra tion  an d  the  concen­
tra tio n  o f  the o u te r  m edium  u n til th e  low er th resho ld  is reached.

T h e  physio logical d a ta  o f  I. baltica, I.granulosa  and  I. viridis co rrespond  well 
w ith  the  know n  ecological d istribu tion  o f  th e  th ree species w ith  respect to  salinity 
(Syw ula, 1964b, M uus, 1967) as described in  th e  in troduc tion . T h e  low er survival 
th resho lds w ith  respect to  salinity  fo und  fo r these species agree w ith  the  theorem  
m ade by M uus (1967) w hich places I. viridis as the  m ost to le ran t an d  I.granulosa  
as the  least to le ra n t species. T he low er survival lim its w ith  respect to  the  salt
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concen tra tion  found  by  m e is h igher th a n  those found  u n d er na tu ra l conditions. 
T his m ay be due to  long-tim e a d a p ta tio n  in  the local popu la tions, an d /o r  th a t 
th e  lab o ra to ry  conditions are n o t adequate  in  all respects.

T he fact th a t I. viridis, because i t  is adap ted  to  m ore dilu te w ater than  the 
o thers, is a better o sm oregu lato r has para lle ls  in  o th e r species as m en tioned  above. 
D ifferen t popu la tio n s o f  th e  sam e species m ay show  different osm oregu lato ry  
abilities. T hus Riegel (1959) fo u n d  th a t Gnorimosphaeroma oregonensis, w hich 
is w idely d istribu ted  over the  w est co ast o f N o rth  A m erica an d  m ay be found  
in  estuaries an d  even in  fresh w ater, was ab le to  hyperregulate in  d ilu ted  sea­
w ater, an d  th a t fresh  w ater p o p u la tio n s w ere better regulators th a n  estuarine 
o r bay-form s.

T he sam e phenom enon  has been fo und  in  tw o popu la tions o f  M esidotea  
(Saduria) entomon, viz. a  fresh-w ater p o p u la tio n  from  a  Swedish lake a n d  a 
po p u la tio n  from  the  Baltic Sea (Lockw ood & C roghan , 1957; C roghan  & 
L ockw ood, 1967). Theede (1969) fo u n d  the sam e phenom enon  fo r tw o p o p u la ­
tions o f  Carcinus maenas w hen he com pared  popu la tio n s from  the  N o rth  Sea 
an d  the  Baltic Sea.

I t w ould be o f  in te rest to  com pare  th e  osm oregu lato ry  ability  o f  I. baltica  an d
I. granulosa from  the  inner B altic w ith  th e  0 re su n d  p o p u la tio n  to  see if  the phe- 
n o m o n  is fo und  here also.

In  the silverstaining experim ents only  the gills and  the  “ upper lip”  were 
stained. The sta in ing  o f the lip m ay be due to  som e special cu ticu lar structu re  
(porous m a tte r con tain ing  w ater o r chem oreceptors and  the rem ain ing  N aC l 
will resu lt in  a  staining). T h e  T -shaped  ventra l patches found o n  the ste rna  o f 
Corophium volutator w hen trea ted  w ith  A g N 0 3 (M cLusky, 1968) was n o t seen 
in  any o f  the trea ted  anim als. T he stainings ind icate th a t the influx o f  w ater and  
ions m ain ly  takes place th ro u g h  the  surface o f the endopodites o f th e  last three 
p leopods, i.e . v ia th e  resp ira to ry  organs.

T he investigations done on  the ion ic an d  the osm otic regu la tion  o f m arine 
a n d  b rack ish  w ater isopods show  th a t there is no  significant difference between 
fem ales and m ales o r betw een an im als o f  different sizes, w hich ind icate  th a t the 
osm oregulatory  ability  is fully developed also in  th e  juveniles.

A lthough  the physiological characters o f  th e  th ree Idotea  species investigated  
to  som e extent explain the  know n ecological d is tribu tion  o f  I. viridis versus the 
tw o o th e r species, the  experim ents also  show  th a t o ther factors th a n  the salinity 
m u st be involved as regards I. granulosa  and  I. baltica. Syw ula (1964b) and  M uus 
(1967) th in k  there is a  connection  betw een w ater m ovem ent an d  the  d istribu tion  
o f  these tw o species. W hen found  on the  sam e locality  I. granulosa  prefers stronger 
w ater m ovem ents th an  I.baltica .

W here I. baltica  an d  I.granulosa  were collected fo r these experim ents it  was 
seen th a t they m igrate from  deeper w aters to  the coast and  back  again  in  an  an ­
nual cycle, an d  th a t the tim e fo r this m igra tion  is n o t the  sam e fo r b o th  species.
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T hus, it  was no ticed  th a t I.ba ltica  m igra ted  earlier to  the  coast in  the  spring 
th a n  I. granulosa, a n d  th a t it  re tu rned  to  deeper w aters before I.granulosa.

A  fu rth e r investigation  o f  this p rob lem  is needed  to  get a  better understand ing  
o f  the ecology o f  th e  tw o species.
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