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P R E F A C E

The developm ent of osm oregulatory  powers is closely  dependent 

on th e  ad ap ta tio n  of th e  m arine anim als to  one of the  m ost s tressfu l and 

ex ac tin g  a q u a tic  biotopes, th e  brackishw ater environm ent. A m ajor problem 

encou n te red  by th e  e s tu a rin e  organism s is sa lin ity  cliange due to  the  tidal 

cycle  and c lim a tic  conditions.

Salin ity  a f fe c ts  aq u a tic  organism s both  d irec tly  and indirectly . 

D irec t e f f e c ts  a re  re la te d  to  the  organ ism ic and m olecular capab ility  of 

an im als a t  any s tag e  of th e ir  life  cycle , w hich ensure proper w a te r  balance 

in th e ir  in te rn a l fluids e i th e r  in trace llu la r o r e x tra ce llu la r . In d irec t e ffe c ts  

a re , essen tia lly  of tw o types: osm otic shocks may produce m odifications 

of the  b iocoenotic  com position of an ecosystem , which w ill re su lt in changes 

in th e  b io tic  background for th e  rem aining fo rm s; salin ity  s tre ss  may becom e 

a lim iting  fa c to r  when a c tin g  to g e th e r w ith  one or sev era l o th e r stressfu l 

conditions.

Among c ru s tacean s , H yper-hyporeguiation rep resen ts  the  most 

e labo ra te  ad ap ta tio n  to  sa lin ity  s tress . They a re  ab le  to  hyperreguiate  

th e ir  biood osm olality  in d ilu te  m edia and to  hyporegulate i t  in concen tra ted  

ones. Thus, such c ru s tacean s  a re  ex trem ely  pow erful osm oregulato rs, which 

can  cope w ith any flu c tu a tio n  of the  sa lin ity  of the e x te rn a l medium th a t 

norm ally occu rs in na tu re .



By m aintain ing a  hyperosm otic in te rn a l concen tra tion  in a  d ilu te  

m edium , osm oregulators p lace less of a  burden on th e ir  in te rn a l tissues. 

The problem  of osm otic influx o f w a te r can  be overcom e by reducing 

p erm eab ility  to  w ate r, increasing  efflux  of w ate r via th e  urine and increasing 

the  u p take  o f sa lts  from  th e  d ilu te  m edium . Sim ilarly hypoosm otic regulation 

of haem oiym ph by an im als in m edia of high salin ity  p resen ts , less of a 

burden of shrinkage on th e  tissues, th an  would osm oconform ity , but it 

resu lts  in influx of s a lts  and osm otic loss of w a te r. In both  th e  situations, 

hyper-and  hypoosm otic regu la tion , specia lized  boundary ep ith e lia , notably 

gills, gu t and ex cre to ry  organs a re  responsible fo r ac tiv e  tra n sp o rt of salt s 

to  o r from  th e  m edium . The presence o f lim e encrusted  exoskele ton  covering 

the  body of th e  c ru s tacean s  a s  a  whole, allow s only re s tr ic te d  volum e changes 

exchanged through th e  g ills , prim arily. A perusal of th e  lite ra tu re  reveals 

th a t  th e  g ill tissue p lays an  im portan t ro le  in blood ionic regu la tion  in 

c ru stacean s .

The osm oregulatory  capab ilitie s  of the  penaeid praw ns a re  re flec ted  

in th e ir  m ig rato ry  p a t te rn  in th e  course of th e ir  life  cy c le . The highly 

fecund fem a les  lib e ra te  th e  fe rtiliz ed  eggs dem ersally  in o ffsho re  con tinen ta l 

shelf w a te rs . A fte r 3-^ weeks of la rva l ex isten ce , th e  postla rvae se tt le  

in shallow  inshore w a te rs , open estu aries  or in som e cases , p en e tra te  consi

derable d is tan ces  up riv er system s to  regions o f very low salin ity . As 

grow th progresses, th e  juvenile praw ns tend  to  move in to  deeper w aters 

and sexual m a tu rity  is a tta in e d  usually in w ate rs  of oceanic salin ity . Sim ilar 

life  cy c le  p a tte rn  is a lso  m e t with in th e  penaeid praw n, M etapenaeus 

dobsoni tak en  up for th e  p resen t study.



Though dobsoni is  one o f th e  com m on species of th e  Cochin

backw aters  and highly eu ryhaline  in n a tu re , no t much work has been carried  

out on i ts  osm oregulation . The e a r iie s t of such works w as by Panikkar 

(195)) who described  osm oreguJation as  an  adap ta tion  to  th e  environm ent 

in dobsoni. K alpana (1987) com pared  th e  osm oregulatory  capabilities

of juveniles and adu lts , _M. dobsoni. Work on th e  lines of e f f e c t  of abrupt 

salin ity  changes on th e  osm olality  and ionic concen tra tion  (Na'*’, Cl* and 

K^) has no t been w orked ou t so fa r  in th is  species. The h isto log ical changes 

in g ills as  a  resu lt of th e  ab ru p t salin ity  changes has also so fa r  not been 

w orked ou t in th is  species. However, in th e  co n tex t of th e  rap id ly  developing 

coasta l aq u acu ltu re  in th e  country , describ ing  th e  response of th is species 

to  flu c tu a tio n s  in e x te rn a l salin ity  provides a  good indication of its  environ

m ental lim ita tio n s  as  a  p o ten tia lly  im p o rtan t aquacu ltu re  species, and hence 

the  p re sen t investigation  w as tak en  up.

I w ish to  express my deepest sense of g ra titu d e  to  D r.P .S .B .R .3am es 

D irec to r, C en tra l M arine F isheries R esearch  In s titu te , under whose very 

valuable and scholarly  guidance, th is  work has been com pleted . I am deeply 

g ra te fu l to  D r.A .D .D iw an, S cien tist S3 and D r.K .C .G eorge, S cien tist, PNP 

Division fo r th e ir  valuable adv ice  and help a t  d iffe re n t s tag es  o f the  work.

I express my g ra titu d e  to  Shri.K .N arayana Kurup, Head o f FRA Division 

for his help  in the  s ta t is t ic a l  analysis. I have g rea t p leasu re  in acknow

ledging my deep sense of g ra titu d e  to  Prof.K .T .D am odaran, Head of M arine 

Geology D epartm en t, School of M arine Sciences and R esearch  Scholars, 

Shri.K .A bdulla Bava and Shri.Padm alal for th e ir  tim ely  help w ith  the  chem ical



analysis. I am  thankful to  Shri. D.S. Rao, S em ester-in -charge for providing 

n ecessary  fac ilitie s  to  c a r ry  ou t th is work. I am  much obliged to  Dr.

A. Noble, P rincipal S c ien tis t for his valuable suggestions and encouragem ent. 

I am g rea tly  indebted  to  my c lassm ates and seniors for th e ir  encouragem ent 

and help . The help  given by Shri.N andakum ar a ll through th e  period of 

d isse rta tio n  is g rea tly  ap p rec ia ted . I express my sincere g ra titu d e  to  the 

Indian C ouncil of A gricu ltu ra l R esearch  fo r aw arding m e a  Junior R esearch 

Fellow ship during th e  te n u re  of which th is investigation  was carried  out.



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

The regu la tion  o f to ta l p a rtic le  concen tra tion  of th e  body fluids 

a t  levels d iffe re n t from  those  of the  e x te rn a l medium, co n s titu te s  osm otic 

regu la tion  (R obertson, 1957). M aintenance of the  co ncen tra tion  of ions 

in the  blood plasm a, d iffe rin g  from  those  of a  passive equilibrium  with 

th e  e x te rn a l medium is universal in c ru s tacean s . Euryhaline crustaceans 

w ithstanding  wide varia tio n s  in th e  env ironm enta l salin ity  m ay behave as 

osm o-conform ers, hyper-osm oregu iato rs or hyper-hypo-osm oregulators,exhibiting 

alm ost any of th e  possible known p a tte rn s  o f blood osm otic regu la tion  (Gilles 

and Pequeux, 19S3; M antel and F arm er, 1983). The osm olality  of the  

cru s tacean  blood m ostly re su lts  from  a con tro l of its  NaCl concen tration . 

This con tro l im plicates a c tiv e  and passive m ovem ents of both  sodium and 

chloride betw een  th e  e x tra c e llu la r  fluid and th e  env ironm ental aq u a tic  medium 

(Gilles and Pequeux, 1985).

M ost of th e  c ru s tac ean s  a re  osm oconform ers. H ence, only a  ra th e r 

lim ited  num ber of groups am ong th e  c ru s tacean s  a re  ab le  to  m aintain  the ir 

in ternal o sm otic  concen tra tio n s , re la tive ly  d iffe re n t, e ith e r higher or lower, 

from th a t  of th e  m edium  over p a rt, or a ll of th e ir  ecological salin ity  range, 

desp ite  the  s teep  co n cen tra tio n  g rad ien ts generating  im portan t diffusive 

fo rces  (Pequeux and G illes, 198^).



The wide range of osm oregulatory  powers in th e  euryhaline 

c ru stacean s  accoun t fo r th e  successful com pletion of th e ir  life  history 

in th e  w idely d iffering  aqua-reg ions, v iz ., th e  sea and th e  e s tu a ry . Euryhaline 

crustaceans  com e across wide fluctuations in th e  salin ity  in th e  medium, 

during m ig ra tion  from  th e  es tu a ry  to  th e  sea or vice versa. Many penaeid 

prawns of euryhaline h a b ita t have been found to  have a  com m on m igratory 

behaviour re tu rn ing  to  high saline conditions for m a tu ra tio n  and spawning 

(G eorge and  Vedavyasa R ao, 1968; C astille  and L aw rence, 1981) and 

M etapenaeus dobsoni is  no exception  to  it .  This m ig rato ry  p a tte rn  to  

higher sa lin itie s  during m a tu ra tio n  process can , possibly be w ell co rre la ted  

w ith osm oregu lato ry  cap ab ilitie s  (Panikkar, 1968). Panikkar (1951) em phasised 

the  ro le  of osm oregulation as an  ad ap ta tio n  to  th e  es tu a rin e  environm ent 

in _M. dobsoni, Penaeus ca rc in a tu s  and P̂ . indicus.

C rustaceans have been studied w ith  re sp ec t to  o sm otic  and ionic 

regula tion  fo r many years . E arly investigations by Nagel and Krough (1939) 

revealed  th e  euryhaline cap ab ilitie s  of m any c ru stacean s and th e  detailed  

studies by Shaw (I960), R obertson (19if9, . 1953, 1957) and Gross (1959 and 

196^*) provided in fo rm ation  on th e  a c tu a l changes in th e  com position of 

haem olym ph and tissue o f an im als exposed to  varying sa lin ities . Dali (1970) 

studied th e  osm oregulation in th e  lobste r, Homarus am ericanus. The 

regulation of th e  in trace llu la r concen tra tion  of ions, Na^ and C l” ' in the 

haem olym ph of th e  shore c rab , H em igrapsus edw ardsi, exposed to  d ifferen t 

sa lin ities  w as investigated  by Bedford and L eader (1977). Sharp and Neff

(1980) studied  the  responses of C libanarius v itta tu s  to  sa lin ity  fluctations



by m easuring haem olym ph osm otic  pressure and chloride ion concen tra tion . 

Studies on th e  e f fe c t  of sa lin ity  acc lim ation  on th e  osm oregulatory  ab ilities 

of C rangon cranRon and Praunus flexuosus w ere conducted by McLusky 

e t  al. (1982). W right ^  (198^) conducted  a  com para tive  study on 

the  regu la tion  o f th e  m ajo r ionic haem olym ph com ponents, v iz ., Sodium, 

C hloride, Potassium , C alcium , Sulphate and Magnesium in th e  species of 

Uca.

C am pbell and 3ones (1989), in th e ir  study d e a lt w ith  th e  e ffe c ts  

of te m p e ra tu re  upon th e  sa lin ity  to le ra n c e  and also th e  blood osm olality 

and blood ch loride c o n ce n tra tio n  in th e  bracl<ishwater shrim p P alaem onetes 

varians. A q u an tita tiv e  com parison o f  th e  osm oregulatory  capab ility  in 

the  la rv a e , postla rvae and adult, s tag es  of M acrobrachium  pete rsi was 

w orked o u t by Read (198^). The osm oregulatory  perfo rm ance of juvenile 

M. rosenberg ii adap ted  to  varying sa lin ities  and ionic concen tra tions in 

te rm s of haem olym ph osm olality  and regu la tion  of key ions (Cl” , Na^, 

K'*’, Ca"^^ and Mg'*”*’) w as c a rr ied  ou t by S te rn  ^  ah  (1987). M oreira 

e t  a l. (1988) stud ied  th e  e f fe c ts  o f salin ity  on haem olym ph osm otic, Ca^^, 

K'*’, Na'*’ regu la tion  in M acrobrachium  carc inus. H agerm an ^  ah  (1983) 

studied th e  influence of te m p era tu re  on th e  osm oregulation of the  brackish- 

w ater shrim p P alaem onetes varians. C as tiile  and Law rence (1981) studied 

the e f fe c t  of sa lin ity  on th e  osm otic, sodium  and chloride concentration  

in the  haem olym ph of ohione and rosenbergii.

C e rta in  asp ec ts  o f osm oregulatory  capab ilities o f som e penaeid 

species have been well ch a rac te rised  in th e  rece n t years. M cFarland and



Lee (1963) have shown th a t  ad u lt se tife ru s  and az tecu s , whose

juveniles a re  euryhaline, showed w ell developed osm otic regu la tion  of body 

fluid, w hereas adu lts  of th e  stenohaline species T rachypenaeus sim ilis 

and Sicyonia dorsalis have lim ited  osm oregulatory  ab ility . Adults of 

th e  euryhaline species m onoceros and b en n e ttae  have even b e tte r  

o sm oregulato ry  ab ilitie s  than  se tife ru s  and a z te c u s  (Panikkar

and V isw anathan, 19^^8; D ali, 196^^).

P an ikkar and V isw anathan (I9^^8) w orked on th e  C hloride regulation 

in m onoceros. M cFarland and Lee (1963) studied th e  osm otic  and

ionic reg u la tio n  in g en era l on P^ az tecu s  and sim ilis and by Bursey

and Lane (1971) on P enaeus duorarum . C astille  and L aw rence (1981) 

com pared th e  capab ilitie s  of juvenile and ad u lt ^  se tife ru s  and P. 

s ty liro stris  to  reg u la te  th e  osm otic, sodium  and ch lo ride concen tra tion  

in th e  haem olym ph. An investigation  w as m ade on th e  osm oregulation 

over a  sa lin ity  range 3-50%o of early  juvenile and ad u lt penaeid  prawns 

by D ali (1968). S tudies on th e  regu la tion  of sodium, potassium , calcium , 

m agnesium , chloride and su lphate  ions in th e  adu lts of A ustralian  penaeid 

prawn over a  sa lin ity  range of 10-50%<, w ere carried  ou t by D ali and Sm ith

(1981).

F e rra r is  ^  (1986) studied th e  e f f e c t  of salin ity  on the  osm otic 

and chloride concen tra tio n s  in the  haem olym ph of P^ monodon as a 

function  o f tim e  a f te r  m oult. Parado E stepa ^  a ^  (1987) worked on 

th e  responses of in term ou lt P. Indicus to  large fluc tua tions in environ



m ental sa lin ity . F e rra r is  ^  (1987) determ ined  th e  response of 

P. monodon in various m oult s tag es  to  a wide range o f salin ities (8- 

^^%o) and com pared  th e  osm otic  and ch lo ride regulatory  ab ilitie s  of one 

m oult s ta g e  to  an o th e r. KaJpana (1987) com pared th e  osm otic  pressure 

of th e  haem olym ph of p read u lt and ad u lt M etapenaeus dobsoni acclim ated  

to  d if fe re n t sa lin ities . Diwan and Laxm lnarayana (1989) stud ied  the  osmo

regu la to ry  ab ility  in ad u lt indicus in re la tio n  to  varying salin ities while 

Diwan ^  (1989) conducted  a  sim ilar study in P. monodon.

The a c tiv e  ro le  played by c ru s tac ean  branchiae in th e  regulation 

of in te rn a l s a lt  and w a te r balance is w ell docum ented (R obertson, I960; 

Lockwood, 1962, 1968; C roghan, 1976; K rischner, 1979; Towle, 198^). U ltra- 

s tru c tu ra l stud ies have been conducted on the  gills of severa l decapod crabs 

such as  C a llin ec tes  (C opeland and F itz ja rre ll, 1968); G ecarcinus (Copeland, 

1968), H em igrapsus and Pachygrapsus (W right, 1964); H olothrisiana 

(Taylor and G reenaw ay, 1979). Penaeus (T albot 1972) and Uca

(Finol and C roghan, 1983).

G ill ep ithelium  has been iden tified  as the  prim ary s ite  of blood 

ionic reg u la tio n  (Barra e t  a h , 1983; C opeland, 1968; Krogh, 1934). The 

fine s tru c tu re  of .arthrcbranch  of P ac ifa s tacu s  leniusculus w ith reference 

to  ac tiv e  ion uptake was stud ied  by Morse ^  (1970). Kummef (1981) 

stud ied  th e  fine  s tru c tu ra l indications of an osm oregulatory function of 

the  gills in te rre s tr ia l isopods. Kikuchi (1983) studied th e  fine structu re 

of th e  gill epithelium  of a freshw ater flea  Daphnia m ^ n a  and changes 

asso c ia ted  w ith  acclim ation  to  various sa lin ities.
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The penaeid  p raw n, dobsoni was se lec ted  fo r th e  present

study, since it  is one o f th e  m ost com m on species of praw ns cultured 

ex tensively  in th e  praw n cu ltu re  fie lds of K erala. In th e  course 

of its  m ig ration  from  th e  es tu a rie s  to  the  sea for breeding, 

the  praw ns fa c e  th e  problem  of osm oregulation due to  exposure 

to  th e  flu c tu a tin g  sa lin itie s  in th e  m edium . The p resen t study 

was conducted  to  th row  light on th e  osm oregulato ry  capacity  

and ionic regu la tion  (Na*, K'*’ and Cl") in th e  praw n, when exposed 

to  ab ru p t changes in sa lin ity . The associa ted  s tru c tu ra l changes 

a t  ce llu la r level in th e  gills of th e  praw ns w ith  re sp ec t to  

the  sa lin ity  changes have also been exam ined.



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

A dult specim ens of M etapenaeus dobsoni required  for th e  present 

study w ere  co llec ted  usually from  th e  perennial fields, Edavanakkad and 

a t  tim e s  also from  M atsyafed  farm , N arakkal. They w ere  co llected  by 

using f il tra tio n  n e ts  and also  c a s t ne ts . The size  of th e  se lec ted  prawns 

for th e  experim en ta l purpose ranged betw een 70-90 mm to ta l  leng th . Normal 

and h ea lth y  prawns w ere  se lec ted  and tran sp o rted  in tran sp o rta tio n  bags 

of 10 1 cap a c ity  to  th e  labo ra to ry . In th e  laborato ry , th e  prawns w ere 

m ain ta ined  a t  the  sam e sa lin ity  as th a t o f th e  co llection  s ite  for a period 

of 2if hours.

E xperim ental s e t  up

Two d iffe re n t experim en ts  w ere conducted , th e  f ir s t  fo r th e  osmo- 

ionic s tu d ie s  and th e  second fo r h isto logical studies. The f i r s t  experim ent 

was designed to  find o u t th e  changes in osm olal and ionic levels in 

haem olym ph in relation to  varying salin ities.

Around tw o hundred prawns m ain tained  in th e  labora to ry  were 

divided in to  tw o groups, A and B of one hundred prawns each;

a) Praw ns belonging to  group A w ere acc lim ated  a t  a  low salinity  

of 5%o and

b) Praw ns belonging to  group B w ere acc liinated  a t  a high salinity

of 35%°.
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PLATE-!. A dult praw n, M. dobsoni.



12

Praw ns ot  both  group A and B w ere m aintained In tw o separa te  

pools of one tonne cap a c ity  fo r a  period of seven days. The acclim ation  

pools w ere  filled  w ith  previousj)^ well a e ra te d  w a te r of th e  requ ired  salinity , 

nam ely 5%<> and 35%<, respective ly .

The seaw ate r requ ired  for th e  experim en ta l purpose was co llected  

by th e  re se a rc h  vessel C adalm in from  o ffsho re  a rea s  of C ochin. Experi

m en ta l sa lin itie s  required  below 30%^ w ere p repared  by dilu tion of seaw ater 

w ith  fre sh w a te r  In th e  req u ired  proportions. Seaw ater o f higher salin ities 

w as p rep a red  by p a rtia l freez in g  and rem oval of th e  ice  form ed thereby 

(Shapiro, 1961). The sa lin ity  of the  w a te r  was determ ined  by th e  M ohr's 

m ethod (S trick land  and Parson, 1968). The range of p repared  salin ities 

varied  from  5%o to  35%<,, a t  th e  in te rv a l of 5%o.

D uring th e  period of acc lim ation , th e  praw ns w ere  fed  ad libitum  

w ith  fresh  clam  m eat once a  day. The le f t  over feed  and faec a l m a tte r 

was siphoned ou t dally . The w a te r te m p e ra tu re  during th e  course of acc li

m ation  w as 28 ± 1®C. A t th e  end of th e  acc lim ation  period, th e  in term oult 

praw ns w ere  se le c te d  fo r  th e  experim en ta l study, w ithou t regard  to  sex.

Praw ns from  group A num bering about seventy w ere se lec ted  and 

w ere fu r th e r  subdivided in to  seven se ts  of te n  prawns each . One of the  

seven se ts  w as m ain tained  in th e  sa lin ity  o f 5%^ to  serve  as th e  control 

for th e  experim en t. The rem ain ing  six s e ts  w ere exposed to  th e  respective 

ascending salin ities of !0%o, 15%o» 20%o, 25%o, 30%o and 35%o in six



PLATE-II. E xperim ental s e t  up.
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tubs for a  period of 8^ hours each. Each tub  had a  cap ac ity  of ^0,i and 

was filled  w ith  previously p repared  well a e ra te d  seaw ater of th e  particu lar 

salin ity . No feeding was ca rried  out during th e  period of exposure.

A sim ilar s e t up w as done for th e  Group B prawns as well. They 

w ere exposed to  th e  re sp ec tiv e  descending sa lin ities  of 30%o, 25%<,> l-5%o, 

10%o and 5%o, w ith  35%o serving as th e  co n tro l, in th is case . No feeding 

was c a rr ie d  ou t during exposure as in th e  above.

A fte r  the  s ta r t  of th e  experim en t, one prawn from  each  of the  

seven tu b s  of both Groups A and B w ere tak en  and the  haem olym ph collected  

a t  0 hours and th e re a f te r  a t  12, 2̂ ,̂ 36, ^8, 60, 72 and 8̂  ̂ hours.

The praw n was b lo tted  dry w ith a  b lo tting  paper. The haemolymph 

was co llec ted  through th e  pericard ia l cav ity  w ith the  help of a 1 ml Tuber

culin syringe equipped w ith  a 26 gauge needle. Everytim e befo re  the  e x tra 

ction  of th e  haem olym ph, th e  syringe w as rinsed w ith  an  an ticoagulant 

(5% Sodium c itra te ) .

The co llec ted  haem olym ph was tran sfe rred  to  osm om at cuvettes  

and m ain ta in ed  in frozen  condition until use. Sim ultaneously the  w ater 

sam ples from  th e  seven tubs of both groups A and B w ere also  co llected  

a t  th e  re sp ec tiv e  tim e  in te rv a ls  and sto red  in the  osm om at cu v e ttes  and 

m aintained in frozen  cond ition  until use. The experim ent was rep licated  

th ree  tim es.
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The haem olym ph osm olality  w as determ ined  by tak ing  50 m icro- 

iitre  of th e  haem otym ph sam ple co llec ted , in to  a  osm om at c u v e tte  and 

taking th e  read ing  on 030 O sm om at d irec tly . The osm olality  of th e  medium 

was a lso  sim ilarly  d e te rm in ed .

C hem ical analysis

Sodium and P o tassium  ions in th e  haem olym ph and in th e  medium 

w ere a lso  d e te rm in ed  sim ultaneously  in a ll experim en tal and con tro l prawns 

using S ystron ics  d ig ita l F lam e P ho tom eter. Chloride ion concen tra tion  

in th e  haem olym ph and m edium  was determ ined  co lo rim etrica lly  (Schoenfeld 

and L ew ellen , 196^^). The colour m easurem en t was made on an ECIL Senior 

S p ec tro p h o to m ete r.

The second ex p erim en t was designed to study th e  histological 

changes in th e  g ill s tru c tu re  in re la tio n  to  osm otic  stress. Tw enty laboratory 

m ain ta in ed  praw ns w ere  divided in to  tw o groups of ten  each  nam ely, Groups 

A and B. In Group A, praw ns w ere m ain ta ined  a t  a low sa lin ity  of 5%o 

for a w eek and in Group B, th e  prawns w ere . m aintained a t  high salinity  

of 35%o fo r  a  week. F ive  o f th e  praw ns from  Group A w ere exposed 

to  35%o sa lin e  w ate r fo r five  days and rem aining five w ere m aintained 

a t  5%o saline  w ate r to  se rv e  as  con tro l. S im ilarly  in the  Group B prawns, 

five w ere  m ain ta ined  a t  35%o saline w a te r, serving as co n tro l, while five 

w ere exposed to  5%o saline  w ate r.

A t th e  end of th e  five  days, th e  gilis w ere co llec ted  from  the
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contro l and exposed praw ns o f both  groups A and B. The e n tire  gill tissue 

was rem oved  and fixed in Bouin's f ix a tiv e  for 'fS hours. The fixed tissue 

w ere w ashed and deh y d ra ted  in ascending grades of alcohol (70-100%) and 

then  c le a re d  in xylene. Hot im pregnation in m olten wax w as carried  out 

for one hour befo re  em bedding th e  tissue in P araffin  wax (M erck 58-60°C). 

S ections o f 5-7 m icrons w ere  c u t using a  m anual ro ta ry  m icro tom e. Staining 

was done a f te r  depara ffin ising  w ith xylene, using H aem atoxylin and Eosin 

and th e  sec tio n s  w ere m ounted  in DPX. Photom icrographs of th e  histological 

p re p a ra tio n s  w ere tak en  using Olympus R esearch  M icroscope.

S ta t is t ic a l  analysis

P re lim inary  com putations included determ ina tion  of mean and 

s tan d ard  dev ia tions of th e  osm olality, Sodium, Potassium  and Chloride ion 

co n ce n tra tio n s  of haem olym ph and m edium . All th e  s ta t is t ic a l  analysis 

w ere c a rr ie d  o u t according  to  Snedecor and Cochran (1967) and data  w ere 

p rocessed  on WIPRO C om puter w ith su itab le  program m es. A two way 

c la ss ific a tio n  o f ANOVA w as adopted . The variance due to  sa lin ity  changes 

and also  due to  th e  tim e  in te rv a ls  of exposure was verified  for s ta tis tic a l 

s ig n ificance  in both  th e  haem olym ph and th e  medium in th e  case  of each 

of the  p a ra m e te rs  studied.



R E S U L T S

1. OSMO-IONIC STUDIES

1.1. O sm ola lity

T he osm otic  co n cen tra tio n s  of th e  haem oiym ph and th e  medium 

a t  eac h  sa lin ity  a re  shown for both groups A (Table I, Fig. 1) and B (Table

2, F ig . 2), a s  a  function  of tim e . In group A prawns, which w ere acc lim ated  

to  5%o sa lin e  w a te r, th e  haem oiym ph w as hyperosm otic to  th e  medium. 

S im ilar behaviour w as also seen on exposure of these prawns to  th e  salinity  

of 10%o, and 15%^ to  som e e x te n t. A t 20%o salin ity  exposure, the  

haem oiym ph and m edium  osm ola lities  w ere alm ost isosm otlc to  each  o ther, 

although a t  a  la te r  s tag e  (a f te r  60 hours) of exposure, th e  prawns becam e 

hypoosm otic  w ith th e  m edium . A t 25%^ salin ity , th e  exposed prawns 

w ere  hypoosm otic  w ith  th e  m edium . So also, a t  th e  higher salin ities of 

30%o and 35%o, th is  behaviour was m ore pronounced. When th e  prawns 

w ere in tro d u ced  from  5%o to  35%„, th e  haem oiym ph osm olality  showed 

a s teep  fa l l  in itia lly  up to  12 hours of exposure a f te r  which i t  rose to  about 

866.5 m O sm /kg w ate r. A fte r  hours of exposure, th e  praw n adjusted 

to  the  new  m edium  and behaved according  to  th e  ex terna! medium e ither 

as a h y p e r-re g u la to r  or h y p o -reg u ia to r (Table 1, Fig. I).

In Group B praw ns which w ere acc lim ated  a t  35%o saline w ater 

and th e n  exposed to  descending grades of sa lin ity , a  sim ilar trend was
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Fig. 1. C hanges in th e  o sm o tic  p re ssu re  of th e  haeino lym ph  

and m edium  in th e  c o n tro l and ex p o sed  p raw ns o i  

Group A, as  a fu n c tio n  o f  sa lin ity  an d  tim e .

F = Forw ard  Exposure from  low to  high sa lin it ies .



------------- M EDIUM

-------------  H A E M O L Y M P H

3 5 % ,  (F)
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noticed  (T ab le 2 , F ig . 2). T he praw ns behaved as a  hyperosm oregulator 

a t  low er sa lin itie s  (15%^ and  below) and as  hypoosm otic a t  h igher salin ities 

(20%o and above) and isosm otic  condition w as found a t  in te rm ed ia te  salin ities 

of 15%o and 20%o in itia lly  and a f te r  48 hours, th e  trend  o f hyperosm otic 

and h ypoosm otic  regu la tio n  to  medium becam e obvious a t  th e  tw o salin ities 

re sp ec tiv e ly . When th e  35%o acc lim ated  praw ns w ere exposed to  5%o saline 

w a te r , th e  tim e  taken  fo r  ad justm en t w as m uch less when com pared to 

th e  re v e rs e  c a se . T he varia tio n s  in th e  osm olality  o f haem olym j^  as  a 

function  o f tim e  was also  less when com pared  to  the  rev e rse  ca se  (Fig.2) 

as d escribed  e a r l ie r .  In both  th e  cases, i t  has been revealed  th a t  a  minimum 

o f ^8 hours w as taken  by th e  praw n to  ad ju st itse lf  to  its  new environm ent, 

b e fo re  w hich , th e  praw n behaves as an  osmo conform er by adjusting the  

haem olym ph osm ola lity  accord ing  to  its  m edium .

A nalysis o f va rian ce  revealed  th a t  no significance w as associated  

w ith  th e  changes in osm ola lity  in th e  haem olym ph and m edium  as  a  resu lt 

of tim e  bu t th e  sa lin ity  o f th e  medium had sign ifican t e f fe c t  on th e  haem o

lym ph and  m edium  osm ola lity  (ANOVA P  = 0.01) in both th e  cases.

1.2. Ionic regu la tio n

1.2.1. Sodium  ion regu la tion ;

The values of th e  haem olym ph and medium sodium ion concen tra tion  

a re  show n as  a  function  o f  tim e  a t  e ach  sa lin ity  in both groups A (Table 3, 

Fig. 3) and B (Table 4, Fig. ^). In group A prawns, th e  co n tro l anim als 

a t 5%o sa lin e  w a te r show ed a sharp in c rease  in itially  in th e  blood Na"^
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Fig. 2. C hanges in th e  o sm o tic  p re ssu re  o f  th e  haem olym ph

and m edium  in th e  c o n tro l and ex p o sed  p raw ns of

G roup B, as a  fu n c tio n  o f s a lin ity  and tim e-

R = R ev erse  exposure  from  high to  low sa lin it ies .



SOVo, (R) M E D I U M
H A E M O L Y M P H

35% JR )

T I M  E ( H O U R S )



20

co n ce n tra tio n  in  th e  12 hours of exposure and slight inc rease  fu rth e r upto 

36 hours and fa ll  in co n c e n tra tio n  a t  ^8 hours of exposure. A fte r  US hours 

the  blood sodium  ion co n c e n tra tio n  s tab ilised  in th e  range of 293-313 

meq/1. When th e  5%o sa lin ity  acc lim a ted  praw ns w ere exposed to  I0%o 

saline w a te r ,  th e  haem olym ph Na'*’ co n cen tra tio n  in th e  m edium  remain.ed 

hyperion ic  to  m edium . A t 15%o and 25%<, salin ity  a lso , th e  blood Na'*’ 

c o n c e n tra tio n  rem ained  hyperion ic  to  th e  m edium . A t 25%© saline w ater 

exposu re , th e  praw ns showed hyperionic blood Na^ co n cen tra tio n  upto 72 

hours o f  exposure , a f te r  w hich hypoionic condition began. A t 30%o and 

35%o sa lin ity  exposure, th e  haem olym ph Na'*’ co ncen tra tion  w as hypoionic 

to  th e  m edium  very  d is tin c tly .

A nova rev ea led  th a t  th e  sa lin ity  changes had a highly significant

e f f e c t  on th e  blood Na'*’ co n cen tra tio n  and on medium N a^ concen tra tion  

(ANOVA P  = 0.01), w hereas th e  tim e  of exposure had a  s ign ifican t e f fe c t

on m edium  Na''’ co n ce n tra tio n  a t  (ANOVA P = 0.05) and highly significant

e f f e c t  (ANOVA P = 0.01) in th e  blood Na"'’ concen tra tion  (T able 3, Fig. 3).

In th e  rev e rse  case , w here th e  35%o acc lim ated  praw ns w ere exposed 

to  th e  d escend ing  g rades of sa lin ity  ab rup tly , th e  haem olym ph Na'*’ concen

tra tio n  behaved hypoionic to  m edium  Na'^’ co ncen tra tion , in itia lly  a t  25%o 

30%o and  35%o upto  12 hours and then  becam e hyperionic to  th e  medium

Na"*" c o n c e n tra tio n . While in th e  5%o, 10%», and 20%o exposed prawns,

blood Na'^’ co n ce n tra tio n  rem ained  hyperionic to  the  m edium  right from 

the  s t a r t  of th e  exposure (Table Fig. U).
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Fig. 3. C hanges in th e  sodium  ion  c o n c e n tra tio n  o f  th e  h aem o- 

iym ph in th e  co n tro l and  exposed  p raw ns o f G roup A, 

as a  function  of sa lin ity  and  tim e .

F = Forw ard  exposure from  low to  h igh  sa lin i t ie s .
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Fig. V. Changes in th e  sodium  ion co n c e n tra tio n  o f th e  h aem o- 

lymph in th e  co n tro l and  exposed p raw ns o f  Group

B, as a function  of sa lin ity  and tim e .

R = Reverse exposure from  high to  low salin ities .
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T he sa lin ity  g rad es  did not have any sign ifican t e f fe c t  on the 

Na^ c o n c e n tra tio n  w hile th e  tim e  of exposure w as found to  be highly signifi

can t (ANOVA P = 0.01) in th e  blood and th e  salin ity  changes had high 

s ig n ificance  to  m edium  Na'*’ co n cen tra tio n  (ANOVA P = 0.01) and no signi

ficance  w ith  th e  tim e  o f exposure in th e  ca se  of medium w as observed.

1.2.2. C h lo ride  ion regu la tion :

The values of th e  ch loride ion co n cen tra tio n  in th e  haem olymph 

and m edium  a t  each  sa lin ity  as  a  function  of tim e  in both groups A (Table 5, 

Fig. 5) and B (Table 6, F ig . 6) a re  resp ec tiv e ly  represen ted .

In group A praw ns, th e  chloride ion concen tra tion  in the  blood

was found to  be hyperionic to  th e  medium in 5%o and I0%o saline w ater.

But in 15%o and above, till 35%o salin ity , th e  blood Cl" co n cen tra tio n  becam e

hypoionlc to  th e  m edium  Cl* co n cen tra tio n  (Table 5, Fig. 5). In the  group

R praw ns, th e  blood Cl" co n ce n tra tio n  of th e  con tro l anima-ls a t  35%o salinity

in itia lly , w as hypoionlc to  m edium  and a t  12 hours becam e hyperionic to

m edium . W ith s lig h t v aria tio n s  accord ing  to  th e  tim e , th e  blood Cl concen

tra tio n  u lt im a te ly  becam e hyperionic to  the  m edium , w hereas in th e  prawns

exposed to  30%o, 20%o and 15%o, th e  blood Cl" concen tra tion  showed the

hypoionic tre n d  w ith  re sp e c t to  the m edium  Cl concen tra tion . In the

5%e and I0%o sa lin ity  m ain ta ined  praw ns, how ever, blood Cl concen tration

rem ained  hyperion ic  to  th a t  o f th e  medium (Table 6, Fig. 6).

A nalysis of v a rian ce  showed no sign ificance in th e  blood Cl 

c o n ce n tra tio n  be tw een  th e  praw ns exposed to  d iffe ren t salin ities, while
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Fig. 5. C hanges in th e  ch lo rid e  ion c o n c e n tra t io n  o f th e  

haem olym ph in th e  c o n tro l and  ex p o sed  p raw ns of 

G roup A, as  a  fu n c tio n  o f a  s a lin ity  an d  tim e .

F  = F orw ard  ex p o su re  fro m  Jew to  h igh  s a lin itie s
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Fig. 6. C h a n g e s  in  t h e  c h lo r id e  ion  c o n c e n t r a t i o n  o f  t h e  

h a e m o ly m p h  in t h e  c o n t r o l  a n d  e x p o s e d  p r a w n s  o f  

G roup  B, a s  a  f u n c t io n  o f  s a l i n i t y  a n d  t im e .

R = R everse exposure from  high to  low sa lin itie s.
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the medium chloride concen tra tion  had significant variation betw een salinities 

(ANOVA P = O.OI). The tim e of exposure showed significant variation 

on both th e  blood and medium C f  concentra tion  (ANOVA P = 0.01),

1.2.3. Potassium  ion regulation:

The values of th e  potassium ion concentration in th e  haemolymph 

and m edium  as  a  function of t im e  a t  each  salinity in both groups A (Table 7, 

Fig. 7) and B (Table 8, Fig. 8) a re  respectively  represented.

In group A prawns, th e  blood concentration remained hyperionic 

to  th e  medium concen tra tion  a t  all salinities from 5~35%o (Table 7, 

Fig. 7). While in group B prawns, the  blood K* concentration in the  control 

salinity of 35%» was hypolonic to  the  medium. In 30%^ salinity also, the 

blood concen tra tion  was hypoionic to  medium, although initially, the

concen tra t ion  of K'*’ in the  blood was high, the  prawns adjusted to  the 

env ironm enta l concen tra tion  by l^Z-72 hours exposure. In all the other 

salinities from  25%„- 5%o, the  prawns have their  blood K'*’ concentration 

hyperionic to  th e  medium concentration . Another im portan t  fea ture  

th a t  is no tab le  is  K'*’ concen tra tion  in the  medium was found to  be increasing 

with sa lin it ies  (i.e.) from 5-35%o (Table 8, Fig. 8).

Analysis of variance  revealed no significance in the  blood K'*’ 

concen tra t ion  in both group A and B prawns with salinity changes and signi

f icance  (ANOVA P = 0.05) for th e  blood K"*” concentration variation with 

the t im e  o f  exposure in th e  group A prawns and highly significant variation 

in group B prawns (ANOVA P = 0.01) (Tables 7 Sc 8).
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Fig. 7. C h a n g e s  in  th e  p o ta s s iu m  ion  c o n c e n t r a t i o n  o f  t h e  

h a e m o ly m p h  in t h e  c o n t r o l  a n d  e x p o s e d  p r a w n s  o f  

G ro u p  A as  a  f u n c t io n  o f  s a l i n i t y  a n d  t i m e .

F = Forw ard exposure from  low to  high sa lin itie s .
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Fig . 8 .  C h a n g e s  in  t h e  p o t a s s iu m  ion  c o n c e n t r a t i o n  o f  th e  

h a e m o ly m p h  in  t h e  c o n t r o l  a n d  e x p o s e d  p r a w n s  o f  

G roup B, a s  a  f u n c t io n  o f  s a l in i ty  a n d  t im e .

R = R everse exposure from  high to  low sa lin ities.
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2. HISTOLOGICAL STUDIES 

G enera  1 o rg an isa t io n ;

T h e re  a r e  e ig h t  g ills  inside e a c h  gill ch a m b e r .  The gills  a re  more 

o r  less  c r e s c e n t i c  in s h a p e .  They g rad u a l ly  in c re a se  in s iz e  backw ards, 

so t h a t  e a c h  gill is l a rg e r  th a n  th e  one  in f ro n t  o f  i t .  E ach  gill is a t t a c h e d  

to  th e  t h o r a x  by a  sm a l l  c o n n e c t io n  in i t s  m idd le  c a l le d  t h e  gill roo t,  

th ro u g h  w h ich  th e  n e rv e s  an d  t h e  blood c h a n n e ls  e n te r  and  le a v e  th e  gill.

T he  gills  a r e  p h y l lob ranch iae ,  com p o sed  o f  a double  row  of c lose ly  

sp a c e d  l a m e l la e  e x te n d in g  a n te r io r ly  and  p o s te r io r ly  f ro m  a  m ed ian  sh a f t  

' ( P la te  III). A long th e  o u t e r  s ide  o f  e a c h  gill runs th e  a f f e r e n t  branchial 

v esse l .

In T.S. e a c h  gill is t r ia n g u la r  in shape . The e f f e r e n t  vessel is 

s i tu a te d  a t  t h e  a p e x  o f  t h e  tr iangle  and  th e  a f f e r e n t  vesse l  l ies  in the  

m idd le  o f  t h e  base  o f  t h e  t r i a n g le .  S t re tc h in g  ac ross  f ro m  t h e  a f f e re n t  

to  e f f e r e n t  vesse ls  is t h e  b ran c h ia l  s e p tu m ,  w hich s e p a r a te s  th e  an te r io r  

f ro m  t h e  p o s te r io r  l a m e l la e .  In L.S. e a c h  gill lam e lla  is  c o v e re d  by a 

s ing le  l a y e r  o f  e p i th e l ia l  c e l l s  lining th e  c u t ic le .  In e a c h  lam e lla  th e re  

a r e  n a r ro w  h a e m o ly m p h  sp a c e s  c a l le d  la m e l la r  sinuses. E ach  la m e lla r  sinus 

is in c o n t a c t  w i th  th e  a f f e r e n t  b ran c h ia l  s inus on th e  o u te r  s ide  and  e f f e re n t  

b ran c h ia l  on t h e  inner  s ide  an d  i t  is in th is  l a m e l la  t h a t  th e  blood is purif ied . 

T hese  l a m e l la r  c a v i t ie s  a r e  g e n e ra l ly  fo rm e d  be c au se  of th e  inflow of the 

blood an d  th u s  s e p a ra t in g  t h e  tw o  lay e rs  o f  lam ella .



PLATE III. Longitud inal  s e c t io n  o f  th e  g i l l  t i s s u e  sh o w in g  t h e  n o rm a l  
Structure. H a e m ato x y lin  «  E osin . a  luu. 
gs -  g ill  s h a f t ;  g l -  g i ll  l a m e l l a e .

PLATE IV. L.S. o f  t h e  g ill  t i s s u e  f r o m  t h e  c o n t r o l  p r a w n  o f  g ro u p  A 
rev e a l in g  ve ry  l i t t l e  a l t e r a t i o n  f ro m  t h e  n o r m a l  s t r u c tu r e .  
H&E. X 200.

PLATE V. L.S. o f  th e  g ill  t i s s u e  o f  t h e  c o n t r o l  p raw n  o f  g ro u p  A u n d e r  
h igher  m a g n if ic a t io n .  N o te  t h e  m ild  d i la t io n  .. i n  s o m e  o f  
th e  gill la m e l la e  an d  th e  m ild  a c c u m u la t io n  o f  h a e m o c y te s  (h) 
w ith in  t h e  l a m e l la r  b lood s inuses . HdcE. X ^^00.

PLATE VI. L.S. o f  th e  g ill  t is su e  o f  t h e  c o n t r o l  p ra w n  a c c l i m a t e d  to  
5%o sa line  w a te r  fo r  10 d a y s ,  r e v e a l in g  gill  l a m e l l a e  a s  th in  
f i la m e n ts  and  m ild  a c c u m u la t io n  o f  h a e m o c y te s  In t h e  l a m e l la r  
blood s inuses . H&E. X ^^00.
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The e p i th e l ia l  c e l l s  h a v e  a b u n d a n t  m ito c h o n d r ia ,  m an y  o f  which 

a re  a s so c ia te d  w i th  th e  in fo ld ings  o f  t h e  b a s a l  c e l l  m e m b ra n e .  E ach  ce il  

has a nuc leus  c o n ta in in g  d isp e r s e d  c h r o m a t i n  n e a r  t h e  p e r ip h e ry  and  is 

connected  to  th e  n e x t  on^  by s e p t a t e  d e s m o s o m e s  w i th  a  w ell  d e f in ed  

’Zonula a d h a e re n s ' .  Golgi c o m p le x e s ,  ro u g h  e n d o p la sm ic  r e t ic u lu m  and 

abundant f re e  r ibosom es o c c u r r in g  e i t h e r  s ing ly  o r  a s  po ly r ib o so m es ,  a re  

also p re s e n t  in th e  ce l ls .  T h e s e  s t r u c t u r e s  a r e  how ever ,  n o t  v isib le  and 

distinguishable  under l igh t  m ic ro sc o p e .

H isto logica l o b s e rv a t io n s  w e re  m a d e  on th e  g ill  t i s s u e  of bo th  

th e  c o n tro l  and  exposed  p ra w n s  in  b o th  g ro u p s  A and  B. T h e  group  A 

prawns a c c l im a te d  a t  5%o fo r  10 days  s e r v e d  a s  th e  c o n t r o l  and  showed 

normal s t r u c tu r e  o f  th e  g ill  l a m e l l a e  ( P la t e  IV). T h e re  w a s  h o w e v e r ,  s ligh t  

to  miJd sw elJing o f  s o m e  o f  t h e  g ill  l a m e l l a e  ( P la te  V). T h e  g i l l  lam e lla e  

appeared  a s  th in  f i l a m e n ts  w i th  s ing le  l in in g  o f  e p i th e l i a l  c e l l s  an d  lam e lla r  

blood sinuses w e re  n a rro w  in a p p e a r a n c e  ( P l a t e  VI). M ild  a c c u m u la t io n  

of the  h a e m o c y te s  w e re  s e e n  w i th in  t h e  b lood  s inuses  ( P la te  V & VI). The 

group A p raw n s ,  w hich w e re  e x p o se d  t o  35%o f o r  5 d a y s  sh o w ed  various 

changes. T he  gilJ Jam elJae  a p p e a r e d  s h o r t e n e d  in  len g th  d u e  t o  th e  swollen 

na tu re  o f  t h e  la m e lla r  s inuses .  T he  l a m e l l a e  a p p e a r  s h o r t e r  an d  swollen, 

when c o m p a re d  to  th e  c o n t r o l  g ill  l a m e l l a e  ( P l a t e  VII, VIII an d  IX). The 

outer l a m e l la r  sinus w as  e n la r g e d .  O th e r  l a m e l l a r  blood s inuses  a p p e a re d  

distended due  to  th e  a c c u m u la t io n  o f  a lb u m in o u s  f lu id  ( P la t e  IX). th e  

cells  lining th e  la m e l la r  s in u s e s  a p p e a r e d  h y p e r t r o p h ic  an d  c o n ta in e d  la rge  

num ber o f  h a e m o c y te s ,  w hen  c o m p a r e d  to  t h a t  in t h e  c o n t r o l  (P la te  VII, 

VllI and X).



p l a t e  v u . L.S. of th e  g ill  t is su e  o f  t h e  g ro u p  A p raw n s  a c c l im a te d  
to  5 sa line  w a te r  fo r  a  w e e k  and  then, e x p o s e d  to  35%o 

sa line  w a te r  a b ru p t ly .  N o te  t h e  s h o r te n e d  o f  t h e  g ill
lam e llae  and  th e  e n la rg e d  o u t e r  l a m e l l a r  s inus. H& E. X 200.

PLATE VIIL A no the r  L.S. o f  t h e  g ill  t i s s u e  o f  ex p o sed  g ro u p  A p raw ns 
to  35%o s a l in e  w a t e r  fo r  5 d a y s  r e v e a l in g  t h e  sh o r te n e d  
gill la m e l la e ,  e n la r g e m e n t  o f  g ill  l a m e l l a r  s inus  an d  se v e re  
a c c u m u la t io n  o f  h a e m o c y te s  In t h e  la m e l la r  s in u se s .  H&E. 
X 200.

PLATE !X. Higher m ag n if ic a t io n  o f  th e  g i l l  l a m e l l a e  o f  th e  g ro u p  A p raw n  
re v e a l in g  th e  a c c u m u la t io n  o f  l a r g e  n u m b er  o f  h a e m o c y te s ,  
e n la rg e d  gill la m e l la e  an d  t h e  h y p e r t r o p h ic  c e l l s  l in ing  t h e  
la m e l la r  s inuses  ( Is  ). H&E. X^OO.

PLATE X. L.S- o f  th e  g ill  t i s s u e  o f  t h e  g ro u p  B c o n t r o l  p ra w n s  a c c l im a te d  
to  35%o sa l in e  w a t e r  fo r  10 d a y s  show ing  e n l a r g e m e n t  of 
th e  g ill  la m e l la e  w ith  m o d e r a te  a c c u m u la t io n  o f  h a e m o c y te s  
in th e  la m e lla r  blood sinus. H&E. XJ^OO.





PLATE XL L.S. o f  t h e  g ill  t i s s u e  o f  t h e  c o n t r o l  p ra w n  o f  group  B revealing 
th e  e n la rg e d  g ill  Jam eJJae . B u t  in  m a jo r i ty  o f  t h e  lamellae, 
t h e  o u t e r  l a m e l l a r  s inus is n o t  sw o llen .  H&E. X

PLATE XIL L.S. o f  th e  g i l l  t i s s u e  o f  t h e  s a l in e  w a te r  exposed  group B 
p ra w n s  a f t e r  b e in g  a c c l im a te d  t d  35% , fo r  a  w eek . Note 

t h e  sh ru n k en  cond'itioT) o f  gilJ l a m e l l a e .  H&E. X 200.

PLATE XIII. H igher  m a g n i f ic a t io n  o f  t h e  g ill  t i s s u e  o f  5%„ sa l in ity  exf>osed 
p raw n  o f  g ro u p  B r e v e a l in g  d e n s e  a c c u m u la t io n  o f  haemocytes 
w i th in  th e  l a m e l l a r  b lood  s in u ses  in d ic a t in g  congestion . H&E. 
X noo.

PLA TE XIV. A n o th e r  a r e a  o f  t h e  s a m e  s e c t i o n  r e v e a l in g  a lm o s t  normal 
s t r u c t u r e  o f  t h e  g i l l  l a m e l l a e  a s  in  PLA TE VI b u t  for^ the 
m o re  d e n se  a c c u m u la t io n  o f  h a e m o c y te s  in  t h e  la m e l la r  blood 
s inus in  th i s  c a s e .  H&E. X ftOO.
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G ro u p  B p raw n s  a c c l im a te d  a t  35%o sa lin ity  for a  period  of abou t 

10 d a y s ,  sh o w ed  e n la rg e d  giU la m e l la e  w i th  s l igh t  to  m o d e ra te  congestion , 

due  t o  a c c u m u la t io n  o f  h a e m o c y te s  in  t h e  la m e l la r  blood s inuses  (P la te  

X). M a jo r i ty  o f  th e  g ill  l a m e l l a e  w e re  n o t  sw ollen  a t  t h e  o u t e r  lam e lla r  

s inuses  in  th is ,  w hen  c o m p a r e d  t o  th e  g ro u p  A ca se  ( P la te  XI). In th e  

5%o e x p o s e d  p ra w n  g ills  o f  g roup  B, th e  la m e l la e  showed s ligh t ly  shrunken 

c o n d it io n  ( P l a t e  XII). T h e  la m e l la r  blood s inuses  w e re  f i l le d  w ith  large  

n u m b e r  o f  h a e m o c y te s  in d ic a t in g  co n g e s t io n  ( P la te  XIII). In few  a re a s  

the  g ill  l a m e l l a e  a p p e a r e d  n o rm a l  l ike  in  g roup  A c o n tro l  c a se ,  th e  only 

d i f f e r e n c e  be in g ,  in th i s  c a s e ,  a g r e a t e r  c o n c e n t ra t io n  o f  h a e m o c y te s  w ere  

seen  in  t h e  l a m e l la r  blood s inuses  (P la te  XIV).

T he  ty p e  o f  t h e  h a e m o c y te s  invo lved  in th e  h a e m o c y te  accum ula t ion  

in t h e  g i l ls  w e r e  n o t  d e te r m in e d .



D I S C U S S I O N

The p e n a e id  p ra w n ,  M e ta p e n ae u s  dobsoni is a  hyper-hypo -osm oregu la -  

t o r ,  c o n f i r m in g  t h a t  th is  a d v a n ce d  fo rm  o f  g e n e t ic  a d a p ta t io n  to  salin ity  

c h a n g e  is s im i la r  to  t h a t  possessed  by a l t  m ar in e ,  e s tu a r in e  and  brackish  

w a t e r  p a la e m o n id  p raw n s  s tu d ie d  to  d a t e  (P an ikka r ,  19^1; Dobkin and  Manning^ 

196^f; Born , 1968; S p a a rg a re n ,  1972; H a g e rm a n  and Uglow, 19835 K irkpa tr ick  

and  3 o n e s ,  1985; R a m ir e z  d e  Isla H e rn a n d ez  and Tay lor, 1985; Cam pbell 

and  3 o n e s ,  1989). T he  osm o la l  c o n c e n t ra t io n s  of dobsoni m ain ta ined

in d i f f e r e n t  s a l in i t ie s  a f t e r  a c c l im a t io n  a t  a sa lin ity  o f  5%o, showed th a t  

th e  s p e c ie s  show ed h y p e ro s m o tic  reg u la t io n  a t  low sa l in i t ie s  (below S 15%o) 

and  h y p o o s m o t ic  reg u la t io n  a t  high s a l in i t ie s  (above S 25%o) w hile  iso sm o tic  

r e g u la t io n  w as  seen  a t  t h e  in te r m e d ia te  sa l in i ty  range  o f  15-25%o. S imilar 

t re n d s  w e re  o b ta in e d  in th e  osm ola l  c o n c e n t r a t io n s  o f  t h e  p raw ns a c c l im a te d  

a t  35%o a n d  e xposed  to  th e  d i f f e r e n t  g ra d e s  o f  sa lin ity .  The findings of 

h y p e ro s m o t ic  re g u la t io n s  o f  th is  spec ie s  a t  low sa l in i t ie s  and  hypoosm otic  

b e h a v io u r  a t  high s a l in i t ie s  a r e  in a g r e e m e n t  w ith  th e  e a r l ie r  r e p o r ts  on 

o th e r  c r u s t a c e a n s  (W illiam s, 1960; M cF arland  and L ee , 1963; Bursey and 

L ane , 1971; Hill, 1976).

M ost o f  th e  p e n a e id  sp ec ie s  a s  r e p o r te d  e a r l ie r ,  a r e  ab le  to  a d a p t  

e x t r e m e l y  w ell  to  v e ry  low  sa l in i t ie s  d u r ing  th e i r  e a r ly  juven ile  l ife  bu t 

th is  a b i l i t y  a p p e a r s  to  be re d u c e d  in a d u l t s  (Dali, 1981). But i t  is found 

f ro m  t h e  p r e s e n t  in v e s t ig a t io n  t h a t  a d u lt  p raw n s  have e x t r e m e ly  good c a p a c i ty
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t o  o s m o r e g u la te  both  a t  low an d  high s a l in i t ie s .  S imilar r e s u l t s  w e re  ob ta ined  

w hen  s tu d ie s  w e re  c o n d u c te d  on th e  o sm o re g u la t io n  of th e  a d u l t  monodon 

(D iw an 19S9) and  ^  ind icus  (D iw an and L a x m in a ray an a ,  1989).

T h e re  is a  g r e a t  d iv e r s i ty  in th e  o sm o re g u la to ry  ab il i ty  am ong  penaeid  

sp e c ie s  an d  o th e r  d e c ap o d  c ru s ta c e a n s  (K a lbe r ,  1970; F o r s k e t t ,  1977). T h e re 

fo re ,  t h e  o s m o re g u la to ry  a b i l i ty  a p p e a rs  to  be purely a n  a d a p t iv e  f e a tu re  

and  m ay  c h a n g e  a c c o rd in g  t o  th e  e n v iro n m e n ta l  s i tua tions .

R e s u l ts  of th e  p r e s e n t  in v es t ig a t io n  showed t h a t  th e  prawn M. 

dobsoni r e q u ire d  a t  l e a s t  ^̂ 8 hours fo r  s tab ilis ing  osm o la l  c o n c e n tra t io n  

o f  t h e  h a e m o ly m p h . G e n e ra l ly ,  w hen t h e  praw ns a r e  a c u te ly  t ra n s fe r re d  

to  d i f f e r e n t  sa lin i t ie s ,  t h e r e  is a rapid  c h a n g e  in th e  osm ola l  c o n c e n tra t io n  

of h a e m o ly m p h  and , to  r e a c h  a s te a d y  e q u il ib r ium , th e  p raw ns requ ire  t im e . 

Bursey an d  Lane (1971) h a v e  r e p o r te d  t h a t  fo r  d u o ra rum , a  period of 

a b o u t  2^ hours  w as  required to  e s tab l ish  a  new  s tead y  s t a t e  o f  equilibrium  

for h a e m o ly m p h  c o n c e n t r a t io n .  C a s t i l le  and  L aw rence  (1981) r e p o r te d  3-^ 

days  f o r  ^  s e t i f e r u s  to  s tab i l ise  t h e  haem olym ph. A s h o r t  period of

1-2 ho u rs  has  been  r e p o r t e d  a s  th e  s te a d y  s t a t e  o f  a c h ie v e m e n t  fo r  Krill 

an d  M a c ro b ra c h iu m  sp. (Forw ard  an d  Fyhn, }9S3; R ead , 19S'a). S tudies 

on P. m o nodon  an d  on P . ind icus  r e v e a le d  t h a t  th ese  s p e c ie s  a lso  requ ired  

m in im u m  p e r io d  o f  i*8 hours  to  s ta b i l is e  th e  haem olym ph (D iw an and L axm i

n a ra y a n a ,  1989). D i f f e r e n c e s  in th e  a d a p ta t io n  t im e s  m ay, in p a r t ,  be 

due  to  d i f f e r e n c e s  in m o u l t  s ta g e  w hen  a n im a ls  a r e  t r a n s f e r r e d  to  a new 

s a l in i ty .  A c u te  t r a n s f e r  e x p e r im e n t s  in  o t h e r  penae jd s  a s  w ell ,  w e re  va lida ted  

when t h e  t r a n s f e r s  a r e  m ad e  during  th e  in te r -m o u l t  pe riod  o f  the  an im al
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( F e r r a r i s  ^  1986). I t  is possib le  t h a t  d i f f e re n t  ions m ay requ ire

d i f f e r e n t  e q u i l ib r a t io n  t im e s  an d  c e r t a in  ions m ay  not a c h ie v e  s ta b le  haem o- 

lym ph c o n c e n t r a t io n  w ith in  o n e  m ou lt  c y c le ,  e v e n  w hen th e  an im als  a re  

t r a n s f e r r e d  in  in te r m o u l t .  Thus, i t  m ay  be b e n e f ic ia l  to  e s ta b l is h  a s tead y  

s t a t e  c o n d i t io n  in e a c h  p a r a m e te r  to  be s tud ied . F e r ra r is  e t  ^  (19S6) 

show ed  t h a t  fo r  m o n o d o n . 1-2 days m ay  be req u ired  fo r  osm ola lity ,

c h Jo r ide  a n d  to ta l  p r o te in  c o n c e n tra t io n s  to  a c h ie v e  s te a d y  s t a t e  va lues  

a f t e r  t r a n s f e r  f ro m  c o n tr o l  to  e x p e r im e n ta l  sa lin it ie s .

T h e re  is a  s p e c u la t io n  t h a t  a q u a c u i tu re d  sp ec ie s  could  be bes t  

g row n u n d e r  iso sm o tic  c o n d i t io n  when o s m o t ic  work o f  an  o rgan ism  would 

b e  m in im a l  (P an ikka r ,  1968), N ot only would  th e  energy  saved  f rom  low ered  

w ork  b e  c h a n n e l le d  to  t h e  in c re a s e d  c o s t s  of ion ic  reg u la t io n  b u t  also energy  

spen t  fo r  o s m o re g u la t io n  was a sm all c o m p o n e n t  of th e  t o t a l  m e ta b o lic  

r a t e  o f  p en ae id s  (Bishop e ^ a L ,  1980). O th e r  f a c to r s  m ust  a lso  be considered  

fo r  o p t im a i  g row th  co n d it io n s .  The p r e s e n t  in ves t iga t ion  has  rev ea led  th a t  

th e  i s o s m o t ic  cond it ion  fo r  M. dobsoni ranges  be tw e en  15-25%oj which 

will b e  id ea l  o r  f a v o u ra b le  sa lin ity  ran g e  fo r  o p t im al  g ro w th  o f  th e  species  

a s  th i s  r a n g e  o f  sa l in i ty ,  i t  is under  m in im um  s tress .

E f f e c t i v e  phys io log ica l  m ec h a n ism s  o f  o sm o re g u la t io n  e i th e r  a t  

th e  lev e l  o f  t h e  e x t r a c e l lu l a r  f lu id  o r  a t  th e  level  o f  in t r a c e l lu la r  m edium  

a r e ,  o f  c o u r s e  n e c e s s a ry  p r e re q u is i te s  t o  a su ccess fu l  invasion o f  m ixohaline 

w a te r s .  It w a s  shown t h a t  a n im a ls  a d a p te d  to  very d i lu te  m ed ia  had up take  

s y s te m s  w i th  high a f f i n i t y  fo r  Na"^, w h ile  th o se  in b ra c k is h w a te r  b^d lower  

a f t i n i t i e s  (Shaw, l96At). T h e  f i r s t  s t e p  in  t h e  invasion o f  d i lu te  m edia  requ ired
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d ev e lo p in g  m ec h a n ism s  fo r  m a in ta in in g  high blood Sodium c h lo r id e  (Beadle 

and  C r a g g ,  1940).

T he  m ost  im p o r ta n t  ions involved in th e  m a in te n a n c e  of osm otic  

b a la n c e  a r e  th e  Sodium and Chloride. T he  exchange  of th e s e  ions resu lt  

f rom  p a s s iv e  d iffus ion  in a n  iso sm o tic  m ed ium  as  has been  shown in C arc inus  

m a e n a s  (Shaw, 1955, )961 ; Z anders ,  1980), H em igrapsus  sp. an d  Pachygrapsus  

c ra s s ip e s  (D ehne l and  C a r e f o o t ,  1965; R udy , 1966). Webb (ig'tO) and Shaw 

( i 9 6 0  h a v e  su g g e s te d  t h a t  a sm all a m o u n t  of a c t iv e  u p ta k e  o f  sodium ion 

is in v o lv ed  in i t s  d is t r ib u t io n  be tw e en  t h e  m edium  and t h e  haem oiym ph 

in c r a b  C a rc in u s  m aen as .

T h e  p re s e n t  in v e s t ig a t io n  show ed t h a t  bo th  th e  ions, Sodium and 

Chloride  b e h a v ed  hypoion ica lly  to  th e  m ed ium  a t  h igher s a l in i t ie s  and  hyper-  

ion ica lly  a t  low er s a l in i t ie s .  dobsoni w as  e x tr e m e ly  e f f i c i e n t  th roughou t

th e  r a n g e  o f  sa l in i t ie s  t e s t e d  and  s im i la r  resuJts  w e re  ob ta ined  in 

M. b e n n e t t a e  (Dali and  S m ith  19S1) C h lo r id e  regu la tion  in P a lae m o n e te s  

v a r ia n s  y ie lded  s im ila r  r e s u l t s  (H agerm an  and  Uglow, 1983). Robertson 

(1960) s u g g e s te d  t h a t  t h e  in c re a se  in o sm o la l i ty  of th e  haem oiym ph of 

th e  e u ry h a l in e  c r u s t a c e a n ,  C a rc in u s  m a e n a s  during m o u lt  in s e a w a te r  is 

m ainJy  d u e  to  in c r e a s e  in  N a ”*", Ca"^, and C l” c o n c e n t ra t io n s  over

th e  i n t e r m o u l t  s ta g e .  T he  ch lo r ide  ion c o n c e n t ra t io n  in t h e  haem oiym ph 

was fo u n d  to  be a  fu n c t io n  o f  e x te r n a l  sa l in i ty  in th e  p r e s e n t  inves tiga tion  

a s  w as  s e e n  in  e a r l i e r  s tu d ie s  by F e r ra r i s  ^  aU (1987).

In t h e  c a s e  o f  p o tass ium  ion c o n c e n t ra t io n ,  i t  has been found 

t h a t  i t s  c o n c e n t r a t io n  in c r e a s e s  w ith  th e  in c re ase  in sa lin ity .  The
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c o n c e n t r a t io n  o f  p o ta s s iu m  w as  found  to  be h igher  th an  th e  m ed ium  th rough

o u t ,  e x c e p t  a t  35%© s a l in e  w a te r .  S im ila r  r e s u l ts  w e re  o b ta in e d  in 

^  I p s e n b e r g i i  by S te rn  et^ a h  (1987). A t  h igher  s a l in i t ie s  th e  blood 

p o ta s s iu m  ion  c o n c e n t r a t io n  in c re a s e d ,  a p p a re n t ly  th e  r e s u l t  o f  a  de c re a se  

in t h e  r e g u la to r y  a b i l i ty  an d  a t  low er s a l in i t ie s ,  th e  high blood potassium  

c o n c e n t r a t i o n  was th e  re s u J t  o f  o s m o re g u ia to ry  m echan ism s  which work 

to  c o n s e r v e  o r  m in im iz e  K* loss th rough  d iffus ion  or e x c re t io n .  As th e r e  

has  b e e n  no e v id e n c e  in  t h e  l i t e r a tu r e  sup p o rt in g  po tass ium  ion absorption 

th ro u g h  t h e  gill e p i th e l iu m  (W aterm an , 1960), blood c o n c e n t ra t io n  m ust 

be a t t r i b u t e d  to  th e  in g e s te d  food  and s e le c t iv e  r e a b so rp t io n  o f  K'*’ in th e  

u l t r a f i l t r a t e  o f  t h e  a n te n n a J  g land .

W ork on th e  h is to lo g ic a l  ch an g es  in th e  gills o f  t h e  praw ns when 

e xposed  to  a b ru p t  c h a n g es  in th e  sa l in i ty  was m ea g re .  R e su l ts  of gill 

c h a m b e r  p e rfu s io n  w ork  o f  B ryan (1960) a n d  B ie law sk i 's  (1971) e x p e r im e n ts  

w ith  s a l t  u p ta k e  in  i so la te d  gills, t h e r e  is  s t ro n g  e v idence  t h a t  sa l t  up take  

does  o c c u r  in  t h e  g ills .  T he  p re s e n t  s tu d y  rev e a le d  t h a t  t h e  gill lam ellae  

g o t  sw o l le n  d u e  to  t h e  a c c u m u la t io n  o f  a lbum inous f lu id  in  th e  lam ella r  

s inus. T h e  c e l l s  l ining t h e  la m e lla r  sinus a p p e a re d  h y p e rc h ro m a t ic  con ta in ing  

ia r g e  n u m b e r  o f  h a e m o c y te s ,  when c o m p a re d  to  th e  c o n tro l  which was 

m o re  o r  less  w ith  a  n o rm a l  s t r u c tu r e ,  w hen  th e  p raw ns a c c l im a te d  a t  a 

low s a l in i t y  o f  5%o w as  ex p o sed  to  35%o sa l in e  w a te r  fo r  5 days. In the  

r e v e r s e  e x p e r im e n t ,  35%o a c c l im a te d  p raw n s  on exposu re  to  5%o saline 

w a t e r  f o r  5 days ,  d e v e lo p e d  c e r t a in  c h a n g e s  in th e  giJi s t r u c tu re .  The 

giJI J a m e i ia e  show ed  s h ru n k e n  cond it ion  w i th  la m e lla r  blood sinuses being 

f i l led  w i th  n u m ero u s  h a e m o c y te s  re su l t in g  in c o n ges t ion . N ash  ^  aL (1988)
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s tu d ie d  t h e  p a th o lo g ic a l  c h a n g e s  a s so c ia te d  w ith  ad u lt  m onodon cu ltu red  

in g row  o u t  ponds d e v e lo p e d  fro m  p o te n t ia l ly  a c id  su lp h a te  m angrove  soils. 

H is to lo g ic a l  an d  u l t r a s t r u c t u r a i  s tudy  show ed  Fe(OH)^ a c cu m u la t io n  in the  

g ills  a n d  t h e  a s s o c ia te d  gill  ch an g es  w hich led to  hypoxic  dam age  in o th e r  

t i s s u e s .  T he  g ills  e x h ib i te d  o e d e m a  and  s e p a ra t io n  of th e  opposing ep ithe lia l  

laye rs .  T h e  la m e l la e  a lso  exh ib ited  h y p e r t ro p h ic ,  h y p e rp la s t ic  n e c ro t ic  

and  in f l a m m a to r y  c h a n g es .  E p ithe l ia l  h y p e rp la s ia  led to  m u lt i fo c a l  lam ellar  

th ic k e n in g  an d  focal,  fusion . E v idences  suppo rt  th e  idea  t h a t  changes in 

th e  u l t r a s t r u c t u r e  o f  th e  g ill  e p i th e l iu m , possibly c o r r e la t e d  w ith  changes 

in i t s  physio log ica l  fu n c t io n  t h a t  o ccu r  upon a c c l im a tio n  to  m ed ia  o f  d i f f e re n t  

s a l in i ty .  C ope land  and  F i tz j a r r e l l  ( !9 6 8 )  d e m o n s t ra te d  t h a t  s ilver s ta in ing  

p a tc h e s  o f  th e  g ills  o f  h y p e ro sm o tic  r e g u la to r s  in c re ase d  in  s ize  a f t e r  

a c c l im a t io n  to  d i lu te  m ed ia .  As a g e n e ra l  ru le ,  th e  g ills  lo c a te d  pos te r io rly  

in th e  g ill  c h a m b e r  of e u ry h a l in e  h y p e r re g u la to rs  a p p e a re d  to  be th e  main, 

if n o t  t h e  only - ones  responsib le  fo r  a c t i v e  Na"^ u p tak e  in d i lu te  m edium  

(P equeux  and  Gilles, 198^^). In a  spec ie s ,  such as  E r io c h e ir  sinensis, 

a d a p ta t i o n  f ro m  s e a w a te r  to  f re s h w a te r  r e s u l ts  in a  d e c re a s e  in blood osm o- 

l a r i ty  (G illes ,  197^). When ^  s inensis ,  was passed f ro m  se a w a te r  to  

f r e s h w a t e r  m ed ium , t h e r e  is  f i r s t  a  sw elling  of th e  t is su e ,  however th e  

sw e ll ing  is r e g u la te d  v e ry  rap id ly .  A f te r  th e  in it ia l  phase  o f  swelling the  

m u sc le  t i s s u e  f lu id  c o m e s  in to  iso sm o tic  equ il ib r ium  w ith  th e  blood.

T he  f a c t  t h a t  m an y  c e l l  ty p e s  show  no volum e r e a d ju s tm e n t  a f t e r  

sh r in k a g e  in v i t ro ,  d o e s  n o t  m e a n  t h a t  th e y  lack  th e  n e c e s sa ry  m echanism s. 

It w ould  s e e m  r a t h e r  t h a t  t h e s e  m ec h a n ism s  a r e  p re se n t  b u t  a r e  not ab le  

to  b r ing  a b o u t  vo lum e r e a d ju s tm e n t  du r ing  th e  sh o r t  pe riod  o f  t im e  of
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th e  v i t r o  e x p e r im e n ts .  T issues  of e u ry h a l in e  c rabs  a r e  unab le  to  e f f e c t  

v o lum e r e a d ju s tm e n t  a f t e r  h y p e ro s m o tic  shocks  ^  vitro, (Lang and Gainer, 

1969; G e r r a r d  and  G il le s ,  1972; G illes ,  1977, 1978). It would  thus  appear  

t h a t  in  m o s t  c a se s ,  v o lu m e  r e a d ju s tm e n t  is ach iev ed  m uch m o re  rapidly  

a f t e r  sw e l l in g  th an  a f t e r  sh rinkage . S tu d ie s  on th e  u l t r a s t r u c tu r e  of the  

s a l t  t r a n s p o r t i n g  e p i th e l iu m  f ro m  p o s te r io r  g ills  o f  ^  s inensis  a c c l im a te d  

e i t h e r  to  f r e s h w a te r  o r  s e a w a te r  w as  c o n d u c te d  by G illes  and Pequeux 

(1985). A m ajo r  s t r u c tu r a l  d i f f e r e n c e  w hich  is im m e d ia te ly  visible, lies 

in  t h e  im p o r ta n c e  in  t h e  dev eJo p m en t  o f  th e  ap ica l  in fo ld ing  sy s tem  in 

th e  tw o  s e t s  o f  a c c l im a t io n  cond it ions . Th is  sy s tem  is a lm o s t  no n -ex is ten t  

in t h e  g i l ls  o f  s e a w a te r  a c c l im a te d  c r a b s ,  while i t  is la rge ly  developed 

in t h e  f r e s h w a te r  a c c l im a te d  ones . T h e re  m ay  be a lso  so m e  d if fe re n c es  

In t h e  s t r u c tu r a l  o rg a n iz a t io n  o f  th e  b a s o la te r a l  Infoldings and  of th e  

a s s o c ia te d  m ito ch o n d r ia ,  m o re  w ork  n e e d s ,  how ever , to  b e  done b e fo re  

a c o m p le te  discussion o f  th is  p a r t ic u la r  p rob lem  can  be u n d e r tak en ,  to  

see  If t h e  s a m e  ch an g es  c a n  be seen  In th e  p raw n gills a s  well.

The ch an g es  o b se rv e d  in th e  o rg an isa t io n  o f  th e  a p ica l  Infolding 

s y s te m  in E. s inensis  a re  n o t  s im ply  due  to  a  rap id  o sm o tic  swelling 

o f  t h e  in te r c e l lu l a r  sp a c e s  t h a t  cou ld  o c c u r  during d i r e c t  t r a n s fe r  from  

s e a w a t e r  to  f r e s h w a te r .  F o rm a t io n  o f  th e  a p ic a l  in fo ld ing  sy s te m  develops 

on ly  s low ly  a f t e r  th e  a n im a ls  h a v e  been  p lac e d  In f r e s h w a te r .  During the  

f i r s t  2 k  ho u rs  a f t e r  t r a n s f e r  to  f r e s h w a te r ,  a  few  e v a g ln a t io n s  appear  a t  

t h e  b a s is  o f  th e  r e l a t i v e ly  f e w  fo lds  p r e s e n t  a t  th e  a p ica l  s ide  o f  th e  ce ils . 

The n u m b e r  o f  e v a g ln a t io n s  as  well a s  th e  n u m b er  of fo lds  a p p e a r  to  Increase  

p ro g re s s iv e ly .  The o v e ra l l  p ro cess  t a k e s  days to  be c o m p le te d .  It
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is r e a s o n a b le  to  a s su re  t h a t  th is  in c re a s e  in p lasm a m e m b ra n e  a re a  is 

a s s o c ia te d  w ith  a n  in c re a s e  in th e  n u m b er  o f  pum ping s i te s  and  with the 

d e v e lo p m e n t  o f  th e  t ra n se p ith e l ia i  t r a n s p o r t  a c t iv i ty .  This is in a g re e m e n t  

w ith  t h e  p ro g ress iv e  in c re a s e  in (Na"^, A T Pase  a c t iv i ty  shown to  occur 

upon a c c l im a t io n  o f  d i f f e r e n t  eu ryha l ine  c ra b s  to  d i lu te  m ed ia  (_E. sinensis, 

Pequeux  ^  198^; O  sapidus, T ow le  ^  1980) is th a t  a c c l i 

m a t io n  t o  s a l t  c o n c e n t r a t e d  m edia  lead s  to  th e  in a c t iv a t io n  o f  th e  pumping 

s i t e s  an d  a ls o  to  a  p ro g re s s iv e  loss o f  t h e  cap ab i l i ty  o f  t r a n s p o r t  ac tiv e ly  

C o n v e rs e ly ,  upon t r a n s f e r  o f  s e a w a te r  c ra b s  to  a sa l t  d i lu te  env ironm en t 

th e  pu m p in g  a c t iv i ty  is p rog ress ive ly  r e s to re d  w ith in  3-8 days  o f  acc l im a tio n  

(G illes  and  P e q u e u x ,  1981, 1983, 1985). S im ila r ,  ep ithe lium  o f  th e  t ran spo rt ing  

and  r e s p i r a to ry  ty p e  a r e  p r e s e n t  in C. m a e n a s  and C a l l in e c te s  sapidus 

(C o p e lan d  an d  F i tz j a r r e l l ,  1968). So th e y  s u b s ta n t ia te  t h e  idea  t h a t  th e  

s t r u c tu r a l  and  fu n c t io n a l  o rg an isa tio n  o f  gills descr ibed  fo r  sinensis

a re  a p p l ic a b le  to  o th e r  e u ry h a l in e  c rabs .

The sw elling o f  th e  gill la m e l la e  in th e  p r e s e n t  s tudy  m ay be 

due  to  s t r e s s  o r  hype r  a c t i v i t y  of th e  p raw n  when exposed  to  th e  e x t r e m e  

s a l in i t i e s  a b ru p t ly .  When th e  s tre s s  is m o re ,  oxygen re q u i r e m e n t  is increased  

and  to  f a c i l i t a t e  th is ,  t h e  g ills  m igh t  exp an d .  The high m e ta b o lic  a c t iv i ty  

m ay  b e  a n o th e r  rea so n  o f  sw elling  w hich re s u l ts  in th e  e n la rg e m e n t  of the  

d i f f e r e n t  c e l l  o rg a n e l le s  like  M itochond ira .  The changes  in  th e  gill lam e llae  

o b s e rv e d  in  t h e  p r e s e n t  in v e s t ig a t io n  c o u ld  be a s so c ia te d  w ith  no pa r t icu la r  

c a u se .  H e n c e  f u r th e r  s tu d ie s  a r e  r e q u ire d  in th is  c o n n e c t io n  to  give a 

c o n c lu s iv e  e v id e n c e .
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T he p re s e n t  s tu d y  on o s m o re g u la t io n  of th e  penaeid  prawn 

M e ta p e n a e u s  dobsoni w as  u n d e r ta k e n  to  s tu d y  th e  e f f e c t  o f  a b ru p t  changes 

in th e  s a l in i ty  on th e  h a e m o ly m p h  o s m o la l i ty  and  ions v iz , N a ”̂ , and 

Cl . T he  a s s o c ia te d  c h a n g e s  in th e  g ill  s t r u c tu r e  a t  th e  c e llu la r  level 

was a ls o  s tu d ie d .  The p raw n s  w ere  a c c l im a te d  in th e  lab o ra to ry  a t  a low 

sa l in i ty  o f  5%^ fo r  a w eek  an d  th en  exposed  to  th e  ascend ing  g rades  of 

s a l in i ty  n a m e ly  10%o, 15%o, 20%^, 25%„, 30%» and 35%o. One s e t  was 

m a in ta in e d  a t  5%<> to  s e rv e  as  th e  c o n t ro l .  The haem olym ph  was co l le c te d  

f ro m  o n e  p raw n  a t  e a c h  sa l in i ty  a t  an in te rv a l  of e v e ry  12 hours, s ta r t in g  

f ro m  0, 12, 2U, 36, ^8 , 60, 72 and  8^ hours. The m edium  was a lso  co l le c te d  

s im u l ta n e o u s ly .  The haem o lym ph  and m ed ium  o sm o la li ty ,  Na”̂ , Cl" and 

c o n c e n t r a t io n  w e re  d e te rm in e d .  In th e  n e x t  e x p e r im e n t ,  th e  high saline 

35%o a c c l im a te d  p raw n s  fo r  a w eek  w e re  exposed  to  descend ing  g rades  

o f  s a l in i ty  o f  30%o, 25%o, 20%o, 15%o, I0%o and 5% o, w ith  35%„ serving 

a s  t h e  c o n t r o l .  The e x p e r im e n t  was c a r r ie d  o u t  a s  above.

H is to lo g ica l  s tu d ie s  w e re  c a r r ie d  o u t  on th e  g ills  rem oved  from 

th e  p ra w n s  m a in ta in e d  a t  low sa l in e  w a te r  o f  5%^ fo r  10 days and then 

e x p o sed  t o  35%o (high s a l in e  w a te r )  fo r  5 days. In th e  n e x t  e x p e r im e n ta l  

g roup , t h e  35%„ a c c l im a te d  p raw n  fo r  10 days  w e re  exposed  to  5%o saline 

w a te r  fo r  5 days .  G ills  w e re  ta k e n  a f t e r  s a c r i f ic in g  th e  praw ns in both 

the  c o n t r o l  a n d  e x p o sed  p ra w n s  o f  bo th  the  e x p e r im e n ta l  groups.
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T he r e s u l t s  o b ta in e d  in t h e  p r e s e n t  in v es t ig a t io n  rev ea led  th e

p e n a e id  p raw n , M. dobson i is a  h y p e r -h y p o -o sm o re g u la to r .  T he  haem olym ph

o s m o la l i ty  an d  ion c o n c e n t r a t io n ,  e sp ec ia l ly  C l w as  a  fu n c t io n  o f  th e  salin ity .

The p ra w n s  w e re  h y p e ro s m o t ic  to  th e  m ed ium  a t  low s a l in i t ie s  and  hypo-

o s m o t ic  a t  h ig h er  s a l in i t ie s .  A t  t h e  in te r m e d ia te  sa lin i t ie s ,  th e  praw ns

w e re  m o r e  o r  less  a t  i so s m o tic  c o n d it io n  w i th  th e  m ed ium . The praw ns

b e c a m e  a d a p te d  to  t h e  ex p o sed  m ed ium  w ith in  4S hours, in it ia l ly  a lthough

i t  b e h a v e d  a s  a n  o s m o c o n fo rm e r .  T he  t im e  ta k e n  by t h e  p raw n  to  ad jus t

f ro m  lo w e r  sa l in i ty  t o  h ig h e r  is m o re  w hen  c o m p a re d  to  th e  rev e rse .  The 

Na* an d  Cl c o n c e n t ra t io n s  a ls o  show ed a  hyperion ic  t re n d  a t  tow er sa lin it ies

and  h y p o io n ic  t r e n d  a t  h ig h er  s a lin it ie s .  T he  K'*’ c o n c e n t ra t io n  in creased

w ith  in c re a s in g  sa lin ity .

T h e  gill s t r u c tu r e  s tu d ie s  r e v e a l  t h a t  th e  p raw n  t r i e s  to  adop t 

to  t h e  h ig h er  sa lin ity  by sw elling  o f  t h e  g ill  lam e llae  and  to  low sa lin ity  

e x p o su re  by sh rinkage . A num ber  of h a e m o c y te s  a r e  found to  be ac cu m u la te d  

in t h e  l a m e l la r  blood s inus ind ica ting  s e v e re  congest ion . No cause  couid 

h o w e v e r ,  b e  a s so c ia te d  w i th  th e  sw elling  of th e  gill l a m e l la  o r  shrinkage. 

This s tu d y  happens  to  be t h e  f i r s t  o f  i t s  kind in th e  p raw n , M etapenaeus  

d o b so n i.  M uch w ork  on th e  h is to log ica l  c h a n g es  o f  th e  p raw n  gill a s  an  

e f f e c t  o f  a b r u p t  s a l in i ty  c h a n g es  under l ig h t  m icroscopy  is ava ilab le .  Since 

l i t e r a t u r e  is  a lso  m e a g r e  on such  w ork , no d e f in i te  conc lus ions  couid  be 

d raw n . F u t u r e  m ay  a im  to  f ind  o u t  t h e  physio logica l fu n c t io n a l  rela tionsh ips  

b e tw e e n  t h e  c h a n g e s  in t h e  g ill  s t r u c tu r e  an d  sa l in i ty  v a r ia t io n s .
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