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ABSTRACT
FACULTY OF GSOIENCE

OCEANOGRAPHY

Doctor of Philosophy

ASPECTS  OF OSHMOBEGULATION IN  THE COMMON  PHAWN,

PALAEMON SERPATUS (PENNANT, 1777)

by Banchong Telnsongrusmee,

The common prewn, Paleemon serratus (Pennant} regulates the

sodium in 1Te haemolymph hypertonically in & sea weter concentra-
tion below 70%, whersas in & medium concentration above 709 SW
the animal regulates its sodium concentration in the hasmolymoh
hypotonically. In noresl sea water, there is an inverse correla-—
tion between the hasmolymph sodium concentration and temperature,
In 50% SW the haemolymph sodium concentration increases irregularly
with increased temperaturs. In 125% SW, within a temperature
range of 57 to 1533, the sodium concentration in the haesmolymnoh
of the prawn decreases with increesing tempersture, but it
increases with increasing temperature when the prawn is exposed
to temperatures renging from 150 to ZBGE. Within the range of
salinity between 50% to 125% SW, the prawn regulates its water
content very efficiently especially in a temperature range from
5% to 25°C,

Reverse peristalsis in the hind gut and water drinking by
nrawns exposed to different ocsmotic stresses were observed., The
animal tekes in the water via the mouth and the anus. In normal
sea water the drinking rate via both routes, was sbout 0.69 + 0.13%

body wt/hr. The drinking was continuous and decreased irregularly
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with decremsed salinity varying from about 0.42 + 0.08% bady wt/hr
to 0.26 + 0.07% body wt/hr in 70% and 50% SW respectively.
Temperature also affects the drinking rate, a reduction of tempe-
rature from 15m to 538 results in a decrease in the drinking rate
by about a half,.

The haemolymph volume of prewns acclimated to a salinity

L

£

range of 10% to 100% 8W lies between 19.44 + 2.28% and 21.52 + 4.76Y
body wt. The systems responsible for control of the hasmolymph
volume are the antennal glands and the sodium transport mechanisms,
The former is responsible for eliminating or retsining water
whereas the latter is involved in maintaining the constancy of
osmotic and ionic levels of the haemolymph. The bladder volume of
prawns averaged about 2.61% body weight though with considerable
varisbility.

In 100% SW the prawn produced urine at a rate of 0.44%
body wt/hr whilst the rate in 50% 8W was 0.93% body wt/hr. In an
isotonic medium, 70% SW, urine production rate was 0.34% body wt/hr.
The prawn increases its urine flow as the salinity decreases. At
a salinity near the lower limit of its tolerance, 10% SW, the
arnimal increases its urine flow to about twice the rate in B0% SW.
When temperature is lowered the rate of urine flow decrsases,
dropping from 0.44% body wt/hr at 157C to 0.19% body wt/hr at 8°C.

The U/H ratios for Cr-51 EDTA of prawns kept in 100%, 70%,
50%, and 10% SW are 2.34, 2.16, 1.77, and 1.22 respectively,
indicating maximum resbsorption of fluid is teking place in normal
sea water. The rate of water reabsorption from the urinary bladder

decreases as the salinity of the medium declines.
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Under steady state conditions, the osmoregulastory process
in 100% SW involved a continuous swallowing of medium with absorption
of univalent ions and water Trom the gut epithelium; the excess
ions were then excreted through the gills by sctive extrusion pumns
to give a net uptake of water to balance the passive osmotic loss.
The antennal glands serve to excrets divelent ions,.

A sodium-potassium exchange pump involved in sodium extrusion
has been demonstrated in the gills. The pump is loceted on the
external membrane, and the transport system is inhibited when
puabain is placed in the bathing medium. The inhibitory action of
this glycoside can be antagonised by adding excess K+ ta the
external medium,

In dilute sea water, the prawn swallows very little medium,
ions are actively taken up through the gills, and the osmotic inflow
of water is balanced by the production of lerge gquantities of
isotonic urineg,.

The possible hormomal control of salts and water balance in
the prawn was studied by bileterel eyestalk sblation experiments.
Tn 100% SW the haemolymnh sodium concentration and the rate of
urine flow of animals with ligstured eyestalks are similar to thet
of the controls, but there are significent differences in the rate
of water drinking, the haemolymph volume, and the rate of water
reabsorption in the bladder. Eyestalk ablation elevates the
U/H ratio for Cr-51 EDTA of the prewn from 2.34 to 2.94 which
indicates & higher reate of water reabsorption from the bladder
than the normal prawn, suggesting that the water resbsorption

from the urinary bladder may be controlled by an eyestelk factor.
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When prawns are subjected to a sudden change from 100% to 50% Sy

the haemolymph sodium concentration of animals with ligsatured
eyestalks and normal animals, resched a new steady state within

6 hours after the transfer whilst animals with thelr eyestalk
ligatured maintained a sodium steady state higher than the normal
animals. In 50% SW, eyestalk ablation caused no change in urine
flow or haemolymph volume, but it raises the concentration of sodium
in the haemolymph, and also the rate of sodium efflux. By using

a basic dye, thionine, evidence is produced which suggested the
passibility that the sodium pump at the gills is controlled by

evestalk factors.
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I. GENERAL INTRODUCTION

Frawns and shrimps of commercisl importance are plaeced in
the order Decapoda and consists of two tribes, Penaeidea, and
Caridea., The two families under the first tribe are Penasidae
and the Sergestidas. The species which are of interest in cul-

ture are those belonging to the genera Penaeus, Metepenasus, and

related forms.
Under the tribe Carides, there are seversl prawns and shrimns
which are also suitable for pond culture., Among them are the

common prawn, Palasemon serratus (Pennant), end Wacrobrechium

rosenbergii (de Man). In the United Kingdom the former has
received considerable attention within the past decade owing to
the increased commercial importence of the species and its nossible
use in pond culture,

Experiments designed to investigate the possibility of
cultivating prewns on a commercial scale in the United Kingdom
were ilnitiated in 1964 at the Shellfish Culture Unit of the Ministry
of Agriculture, Fisheries and Food, Conway, North Wales. The
development of rearing technicues for the common prewn has been
reported by Reeve (1969), Forster (1970), and Wickins {1972).
The main conclusions from these works are thet from & bioclogical
standpoint the mass culture of the common prawn is technically
feasible but is unlikely to be economically successful. As a
result of the work, it is believed that, if the prawns are to be
reared successfully on a commercial basis in the United Kingdom,
intensive methods of culture must be developed. Before such system

can be operated successfully more knowledge of the biology and the



physiology of the prawn is needed. For the latter, more extensive
information on the process of adaptation in the cultured species
would be valuable, especially knowledge concerned with the
psmoregulatory mecharisms which enable the animals to cope with
the osmotic problem posed by external environments, It is the
purpose of this thesis to study the osmoregulatory mechanisms of

the common prawn, P. serratus (Pennant) in some detail.



II. HISTORICAL BACKGROUND

1. Naturel History.

The common prawn, Paleemon serratus (Pennant, 1777}, was

formerly known as Leander serretus Sharp, 1893 (see Holthulis,

1980 for history of synonyms}. Keys for the purpose of identi-
fication of the species are provided by Holthuis (1953}, and also
Kemp (1910).

The prawn is common in the rock pools and sub-littoral region
around the coasts of the British Isles up to a line extending
from the Clyde to the Wash, and including Ireland. Its geogra-
phical range extends from Britein to the WMediterranean (Kemn,
1910) and it is also common around the shores of France, Italy,
Greece, and Algeria {Burrey, 19523).

The 1life history and ecology of this species were the subjects
of papers by Gurney (1923), Forster (1951), and Cole (1958), for
the populations sround the coasts of southern England and North
Wales. OStudies of the development of the larvee have been made
by Gurney (1924} on specimens from the plankton, and by Spollaud

(1923) from laboretory reared animals.
2« Pravious works on osmoregulation in the Carides, Crustaces.

The osmoregulatory cepacities of decapod crustaceans have
been relatively well studied in the group as a whole. Within the
past few decades several works exclusively or partially concerned
with osmoregulation of Crustacea have appesred, Among them are
Krogh (1939), Beadle (1943, 1957), Robertson (1957, 1960), Prosser

and Brown (1961), Lockwood (1962, 1968), Potts and Parry (1964a),



Howaver, there is little relatively svidence asvailable with regard
to osmoregulation in the Carides. An outline of relevant litersature
is reviewed chronologicelly below,

The foundations of knowledge of the osmoreguletory mecharnisms
operating in caridean shrimp and prawns were leid down some thifty
years ago by Panmikkar (1941), and Broekema (1942). Panikkar (1941)
investigated the osmotic behaviour of haemolymph and urine in the

palaemonid prewns, Leander serratus, Le squilla, and Palaemonetes

varians by means of vapour-pressure messurenents, He established
the hypotonicity of the heemolymph and urine of the three palsemonid
prawns living in normel ses weter. He also demonstrated their
hypertonicity to the medium in breckish water at the lower end of
the tolerance range. Urine is isotonic with the haemolymph at all
sea.water dilutions.

At Den Helder, Broekema {1942) mede & careful analysis of the

distribution and physiology of shrimp, Crangon crangon (Linnasus ],

she found that young [. gcrangon in summer tolerate changes in
salinities betiter than adults, Adults seek a higher salinity in
winter and a lower salinity in summer. The young, after & period
of estuarine existence, migrate to the see in the fall and return
to the estuary as sdults the following spring. She also found
that with continued dilution of the externsl medium within limits,
but under conditions of constant salinity, the concentration of
the haemolymph increased with & fall in temperature.

SGince 1950, more attention has been given to the problems of
osmotic and ionic behaviour of shrimps and prawns. Parry (1954,
1955, 1957, and 1961) studied aspects of osmoregulation in

P. serratus, and Palaemonetes antennarius, and also made comparative




ohservation on P. varians and Palaemon longirostris. Ghe confirmed

the finding of Panikkar (1941) on P. varians.
Williams (1960} has studied the effect of temperature on

osmotic regulation in two shrimps, Penaseus ducrarum, and P. aztecus.

Both penaeid shrimps regulated hyperosmotically in sea water of
salinity below 30%e, and hypoosmotically in salinity above 30%es
As the temperature wes lowered from 28° to 18°C and 18° o 8%
the haemolymph concentration of bmth species of shrimp tended to
approach iscotonicity at s8ll excerimental salinities.

Fl&gﬁl (1960, 1963), on the besis of cryoscopic and conduc—
tivity experiments, showed that osmotic resistance of . crangon
to low and high salinities (1 to 5% is higher at 5% than at
157 and 20%C. The efficiency of osmoregulation of the shrimp is
correlated with the fact that in the northern Baltic sea C. crangon
is capable of aurvival in low salinity water at temperatures near
freezing point.

Bryan and Ward (1962) have made a comparative study on the
accumulation and loss of Cs~137 in relation to K metabolism in
P. serratus, and P, varians. They observed that inulin U/H ratios
of P. serratus ranged from 1.5 to 2.0 suggesting that water
reabsorption occurs in the prawn when it is kent in normel sea
water.

Dobkin and Manning (1964} have studied the osmoregulation of

two species of American caridean shrimn, Palaemonetes paludosus

and P. intermedius which are comparable to the Eurcopean species,

P. antennarius and P, varians respectively.




Recently, interest has been centred on the control of ionic
balance, Potts and Parry (1964b]) showed that in Full strength sea
water sodium ions are actively removed by P. verians extrarenally.
In 2% SW chloride ions are asctively absorbed. In salinities below
2% SW uptake of ions declined and animals cen no longsy maintain
equilibrium,

Rudy (1967), using tritiated water, found adeptive differences
in water permeability among several different species of marine,
brackish water, and fresh water crustaceans. He stated, on the
basis of his dats, that P. varians could not significantly alter
its integumental water permeabilityv.

More recent works on osmoregulatory studies of caridean
shrimps have been performed. Among them are Born, {1968} o

Falaemon macrodactyius, and Synceris pecifice: Denne [1@68} on

Macrobrechium australiense, and Mo souidens; Grimm (1%69) on

Crangon vulgaris, and C. allmanni; Haefner (1969) on G. septemspinosa.

Hagerman (1971) studied osmoregulation and sadium balance

in C. vulgaris in varying salinities. He found that the shrimps
were hyperosmotic in salinities below 25%., and hypoosmotic above
this salinity. Spaargaren (1971) worked on P, serratus and Lysmata
seticaudata, he found that osmotic concentretion of haemalymph and
of muscles (as measured on homogenates ) of P. serratus are strongly
influenced by temperabure while L. seticaudata is independent of
temperature. Spaargaren and Kreay (1973) found that the shrimo,

G. crangon regulates the chloride concentration in its haemolymph
at values above 395 mg/z, The regulation depends on the temnera—

ture and is more effective at 2168 than at BGS» The chloride



concentration in the cells is practically independent of
temperature and salinity.

From the Toregoing data, it eppeers that there is & noticeable
gap in the litersture as to information on the response of brackish
and mayrine species of prawns to 8 large range of temperature and
salinity. Although there are some observations aveilable on the
influence of temperature and salinity on osmotic concentration
systematic experimental tests sre still needed.

In the condition of artificial prawn culture, the animals
have to live in shallow water ponds of varving salinities and
temperatures which are subjected to change from time to time,

In order to survive in such unsteble environments the animals

need the means to regulate thelr intre end extre-cellular fluids
with respect to water and salts in order to maintein their tissues
in & proper functioning condition in environments which may be
both unfavourable and fluctuating. The over all regulatory
process in these animals is the sum of those concerned with osmotic
and ionic regulation. These two processes are linked together,
but they are independent in physiological mechanisms. The physio-
chemical mechanism involved, especially in water permeability

and active ion transport of prawns, are not well understood, The
relationship between temperature, salinity, and their combined
effects on such regulatory processes has not yet been fully
explained and is still the subjiect of much debate,

Knowledge of the physiology of the cultured species is very
important, since it can be applied in prawn farming technigues. to
the selection of environments to obtain a higher yield and lower

naturel mortality. It can not be said that the existing knowledge



of the subject is comprehensive enough for immediate apnlication
and further work is needed. In view of this, it was hoped that
a fuller knowledge of the physiology of orewns, and a critical
evaluation of the influence of environmental conditions might
help in the practicel applicetion in prawn culture.

However, informetion obtained from these studies is not
only importent for prawn culture, but it is useful to determine
the suitability of envirommental conditions for rearing this

species in the laboratory. Although the results obtained apply

o

specifically to this species many of the conclusions may be anplied

generally to other species of prawns which may be considered for

thelr potential as cultiveted soscies.
3. Present work,

The prawn, P. serratus has been chosen for the oresent
studies, since it is
(1) the largest species available in Britain,
(2} is of commercial value,
(3) adapts well to laboratory conditions,
(4) is readily aveilable, and

(8) is a species potentially feasible for pond culture.

This thesis is an account of experiments undertaken to test
the physiological response of the prawn in terms of
(1) the capacity of the prewn to regulate its
sodium concentration in medie of verying

salinities and temperstures,



(2} to determine the effects of temperatures on
the ability of the prawn to regulate
osmoticelly when exposed to various
concentration of sea water,

(3) to determine the mechanisms which permit the
nrawn to adapt to water of different
salinities and temperetures, and

(4) to determine the effects of eyestalk removal

an the water and sodium balance.

Lo






ITI. WMATERIALS AND METHODS
1. Collection and handling of experimental animals,

Prawns used in the present work were collected by trawling
from Calshot, Wersash, and Solent areas during the winter months
whereas during the summer most prawns were obtained from Kemp's
boat vard by potting, from Weymouth by scoop net and from Studland
Bay, Dorset, by hand net. Animals wers transported directly to
the laboreatory and introduced into holding tanks provided with
continuously flowing unfiltered sea water (34%). The size of
specinens varied from 0.15 to 8.5g, but, whenever possible,
comparative experiments were done using animals of similar size.
Animals were identified following Kemp (1910), and Holthuis
(1950). The animals were used indiscriminetely as collected but
excluding berried females and those which were damaged or mori-
bund. Molt stages were determined by the method of Drach and
Techernigovtzeff (1967). Except where stated otherwise only
intermolt prawns (State C) were used in order to reduce molting
as a fTactor in the experiments. Arndimels in 811 ceses were kept
in the laboratory for three days before esach experiment began.

During the experiments the animals were not fed. The
orawns were acclimated in 13-1litre plexigless agquaeris of 30x20x20 cm
which were pleced inside a water-bath of approximately 340 litre
capacity, the remaining space of which was filled with tap water.
The aguarium was somewhat higher than the water-bath, and surrounded
with tap water for aebout 3/4 of the height. The experimental
container was covered with s plastic mesh in order to prevent the

prawns Jjumping out of the vessel. During the acclimation period,

11
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and the course of the experiment the water was renewed every two
days in order to minimize the changing concentration of the

axperimental medium.
2. Removal of eyvestalks.

The following treatment was used to prepare for removal of
eyestalks: esach prawn was placed on an operating board and one
eyestalk was removed. The second eyestalk was removed 48 hours
later. In some experiments the eyestalk ablation was also accom-
plished by firmly ligaturing the bases of the sysstalks with
cotton thread. This results in the isclation of eyestalks without
the loss of haemolymph which usuelly ocours after surgical ablation,
The ligatured animals displayed effects similar to those in which
eyestalks were removed. After operation the animels were immediately
returned to well aerated 100% SW, and kept for three days for

recovery before further experimentel uss.
3. Experimental media.

In order to be able to alter the concentration, or completely
remove one major ion from the experimental solution, whilst
maintaining the composition of the other lons constant, artificial
salines were prepared.

Artificial ses water was made to give a final concentretion
of 470mM/1 Ne¥, 548 mm/1 ©17, 10 mM/1 K¥, 10 mm/1 aa**, 54 mi/1 Mg'T,
2 mi/1 H$ﬁ3~, and 28 mM/1 65;" (Hale, 1957). Potassium~free

artificiel sea water waes made to give a final concentration of

o

470 mM/1 Na™, 538 mv/1 C17, 10 mM/1 ce’ ', 54 mM/1 MgT T, 2 mi/1 HEOS,s

and 28 mi/1 aag“.
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4. Temperature.

The experimental temperstures were chosen in relation to the
average seasonal sea temperature. For example, the seasonal range
at Calshot was from about 47 to ZOQG. At Marchwood the minimum
temperature recorded was 0°C and the maximum was 2270 (Raymont,
1972, Figure 3.0). Using this tempersture as a guide, the lowest
temperature chosen for experiments was 50& and the highest tempe-~
rature was 25°C. The water temperature was kept constant by
individual thermoregulating water-baths in which the temperatures

were mainteined within i+ 1°C.
5. Salinity.

For canvenience the terms "normal sea water" or "100% Sy
used in this work refer to Southampton sea water of 34-35 parts
per thousand salinity, end the other sslinities are referred to
as percentage of this standard. Sea water was brought to the
laboratory from the Solent area. A medium of salinity greater
than Southampton water was prepered by means of evaporation at a
tenperature of 5QQC, and room pressure until the salinity had risen
to about 55 parts per thousand. From this supply of concentrated
sea water, the various salinities above 100% SW were cbtained by
dilution with deionized glass distilled water. Salinities less
than that of sea water were made by mixing Southampton sea water
with deionized distilled water., The salinity was then determined

by means of conductivity messurements.



Southampton
Marchwo
“min O°C;
max 22 C
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Figure 3.0 Map showing the annual temperature range

in Southampton area,



6. Haemolymph sampling.

Haemolymph samples were collected by means of a micropipette,
The pipette was made from 2 mm internal diameter thick walled
pyrex tubing which had been drawn out to & fine tapering point.
Before use, it was cleaned throughly in chromic acid end the tinp
coated on the outside with a layer of silicone (Repelcote). At
the other end of the pipette was attached a piece of rubber tubing
which served to facilitate emptying or filling by mouth. The
haemolymph samples were used without removel of corpuscles, since
Parry (1954) working with P, serratus found that the removal of
corpuscles by centrifugation was impracticel with such small samnle
since there was a risk that manipulation would lead to increase
of srrors in analysis.

Samples of haemolymph were taken from individual prawns by
introducing the small pipetie into the nericerdisl cavity at the
point where it is easily seen Trom outside under the median frontal
part of the carapace. The normal vigorous struggling of the
animal was inhibited if the prawn was held with extended fingers
firmly surrounding the anterior of the abdomen. Filling of the
pipette usually occurred by capillarity as soon as the heart was
pierced. Prior to meking the puncture, the postero-dorsal border
of the carapace, particularly the point of insertion of the
capillary and the adjacent ares were thoroughly dried with absorbent
tissue. Approximately 5 to 10 microlitres of heemolymph were
collected from each prawn, depending on the side of animel. The
haemolymph sample was stored under ligquid paraffin in e siliconized

watch glass and kept until reguired. Between samnling operations
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the micropipette was cleaned in chromic acid, rinsed by repeated
filling and emptying the deionized water and finally dried with
scetone. Care was taeken to ensure that no traces of acetone
remained in the pipette when the next haemolymph semple was teken

since acetone causes coagulation of the haemolymoh.

7. Urine sampling.

Obteining samples of urine was considerably more difficult.
Repeated trials showed that the following method gave the best
results. The prawn, after the adhering water hed been wined off,
was laid on its back on a glass plate under a long arm microscope.
By marmipulation, the openings of the antennary glands at the base
of the antennary peduncles was located. To ensure that there was
no possibility of contamination by fluid from the branchial chamber,
the outside border of the antennary peduncles was dried with strips
of absorbent paper. The tapered cannula , with an attached rubber
tube was then inserted into the excretory pore and the urine content
drawn into the pipette. The hydrostetic pressure of the urine
inside the bladder was sufficiently high to fill the pinette without

much effort.

8. Determination of sodium,

A Unicam 5P 900 flame spectrophotometer wes used to determine
the sodium concentration of the haemolymph, urine, and medium
samples. This instrument has e detectebility limit of sbout
0.0001 ppm for the sodium ion, but all samples used in this study
were well sbove this value. The wavelength, slit edjustment, air

nressure and gas pressure used, wers thases recommended in the
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instruction manual, viz. alr pressure 268 1lb per square inch, gas
pressure 14 1b per square inch, slit 0.8 mm, wavelength 586 mp .
The samples were run alternately with standard sclutions of known
concentration to ensure that no change in sensitivity ocourred
between esch series of determinations,

Samples for sodium determinetion, togeiher with standerd
sodium chloride solutions were teken up in a 1 pl micropipette.

The pipetts was filled completely before being blown out, Iden~-
tical and constant volumss of unknown samples and stendard solutions
could be collected in this way. The tio of micropipette was then
wiped and the sample blown out into a polythene specimen-tube
containing 10 ml of deionized water. The solution was then stirred
with a stream of air and the concentration read off on the flame
spectrophotometer. Hepeated samples of a known standard were
accurate to a standard deviation of 4+ 2 per cent; this value
included both pipetting and instrument error.

It was necessary to ensure that when taking up samples from
under liould paraffin none of the paraffin conteminated the samnle.
This could be detected by the differing refractive indexes and
immiscibility of the two fluids. Between each sampling operation
the plpette was cleaned as before. Triplicste determinations on

gach sample from one animal were carried out,
Y. Determination of chloride,

Chloride was measured by the first method of Hamsay, Brown,
and Croghan (1955). The method was slightly modified in that the
titration was carried out in a drop of acetone and glacisl acetic

acid {v/v, 50:50) on the hydrofuge surface of a piece of teflon.
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In titration of chloride with silver nitrate, the concentration

of chloride ions determines the potential of a silver/silver
chloride electrode which dripped into the titretion droplet. The
notential 1s measured with a reference electrode which is sealed
into the delivery tube of the micro-burette. The chloride is
titrated against standard silver nitrate solution of N/25. The
standard silver nitrate was introduced into the droplet with an
Agla micrometer syringe burette with a micrometer delivery control.
Thorough mixing of the titration droplet was necessary for a
consistent reading on the Pye pH meter. This was effected by &
jet of air playing on the surface of the drop. As silver chloride
is precipitated, the potential of the electrode declines, The
point of inflection of the curve relating cotential to concentra-
tion is teken as belng the end-point of the titretion.

The sample to be titreted was taken up in a 1 pl micropicette,
similer to the one used in the determination of sodium, and blown
out into the acetic acid/acetone drop. The sample was measured
in triplicate and wes standardized against the reading given by
the identical volume of standard solution of sodium chloride from
the same micropipette.

The end-point for the titration was taken as that point
where the potential change of the drop was most rapid. The
presence of acetone reduced the solubility of silver chloride.

The potential at which the end-point occurred depends on the I
af the drop and this sclution acts as a buffer and ensures that
the end-point is reached at approximately the same potential sech
time. Repeated measurements on a standard gave a standard devia-

tion of + 2.5%.



10. Determination of water content.

As a basis for determinaetion of water content, the depend-
ability of wet weight and dry weight measurements is important,
Gonsiderable controversy has ococurred over the temperature necessary
for drying animals and as a conseguence dry weights guoted in the
literature depend on the methods sdopted. According to the
literature temperatures in the renge from a0" to llﬁms have been
used for determining dry weights of animals by different investi-
gators. It is necessary to achieve a compromise between the
maximum amount of water removed and the lesst loss of organic
materials, Lovegrove (1@62) suggested GGDD as the most sultable
drying temperature as final values were comparable with thase From
a desiccator. Cerl (Lovegrove, 1962) criticized the practice of
drying plankton samples st lGQ&G, since this temperature ceused
volatilizetion of some lipids and amines as well as denaturing
many proteins. In this study a temperature of 7096 was used,

This was found to be most suitable for at this temperature volati-
lization of lipid components is probably minimal {(Raymont et al.,
1964 ). Kharoof (1970) found good agreement between samples dried

at this temperature and similer samples dried in a desicocator.

10,1 Wet weight of dead prawns.

Prawns were removed from the acclimating medium, and
quickly rinsed in deionized water to remove salts adhering to the
body surface. They were dried with an absorbent paper to absorb
the water adhering to the surfece of the animels, Final treces
of adherent water were removed by sprinkling the amimals with a

few drops of acetone and drying them guickly with an air jet.



Each prawn was welghed to the nearest 0.0l mg on an aluminium
foll weighing vessel. Although it was impossible to remove all
the water adhering to the surface of the animals, particularly
between the appendages, it was hoped that weighings would be
constant if the procedure was standerdized. This was tested by
immersing, drying off and weighing the same animals several times.
Twelve replicate weighings of a dead prawn vielded a coefficient

variation + 0.83 per cent (Appendix 1].

10.2 Dry weight,

Prawns, after blotting and weighing as described above,
were transferred to e sintered crucible and dried to a constant
weight at 70°%C for 36 hours. They were then placed in & desiceetor
to cool, weighed and replaced in the oven for another 12 hours,
After this second drying there waes usually little change in welght,

indicating that all free water had been removed,

13.3 Ash,

Brove et al. (1961) found that for semples of animal
tissues of size renge from 1 to 5 g most of the carbon is burnt
at 450° to 500°C in a 24 hours period without causing any loss of
the relatively volatile ions, i.e. sodium and potassium. In the
experiment, dried prawns were ashed in & muffle furnece at ﬁamﬁc
for 12 hours., The ash wes ground to & fine powder with & piece of
glass rod, and teken up in 2 ml of N/5B hydrochloric arid. Five
microliter of both samples and standards were taken in a microe

pipette and the sodium was estimated by flame photometry.
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11, Estimation of wet weight of live prawns.

A standard orocedure was followed in all experiments where
the weight of living prawns was required. Animals were removed
from the acclimating medium and carefully dabbed with an absorbent
paper to remove as much surface moilsture as possible., When no
more moisture could be ftaken up on the tissue paner, the dried
animals were carefully wrapped in a Tresh dry tissue to restrein
its movements and weighed., The tissue alone was then weighed.

The weight of the animal was obteined by subtraction. From 12
replicated welghings of a live prewn, with reimmersion between
weighing, a coefficient of variation of 0.17% was obtained
(Appendix 1). Another source of error of welghing might bs due

to the stress imposed on the animels by the weighing procedure if
this causes release of urine or gut content, This source of error
can be minimised by subjecting the prawns to the same procedure

at the beginning and end of any experiment.
12, Estimation of urins nroduction.

12.1 Welght-gained method,
A modification of a method first described by Peters

(1935) and later used by Lienemann (1538), Maluf (1941b), and

Bryan (1960a), was used to estimate the quantity of urine produced
by the prawn. The area around the antennal glend openings was
dabbed with ebsorbent paper and the urine aspirated from the bladder
by inserting a small gless tube through the antennal pore and
applying & slight vacuum. 0Oe Trey Poly=-F dental cement was applied

to the excretory pores so as to form 8 solid block covering both



papillae, After blocking, the animal was returned to the acoli-
matisation medium to recover. Before using an individual for the
experiment, the nephropores were reexamined under a binocular
microscope to ensure the sffectiveness of the blockage., The
weight as frection of the original weight of the animals were

determined after 1, 3, 6, 12, and 24 hours,

12.2 UClesrance of Cr-51 EDTA,
As shown in experiment 2 of chapter XI, the loss of

Cr-51 EDTA (ethylene diamine tetreacetic acid) from the haemolymph
is due only to production of urine. Thus, it is justifieble to
calculate the urine production rate of the prawn by following the
procedure of Binns (196%9a) who calculated directly fram the change
in haemolymph activities of crabs where the initiel and final
haemolymph activity levels were known., When Cr-51 EDTA is injected
into the prawns, the fall in haemolymoh activity level follows a
curve. A semi-logarithmic plot showing the log of haesmolymnh
activity against time gives a straight line which means that the
curve showing haemolymph sctivity against time is exponential.

The eguation for such a curve is

Q”t/T LER N EEREEEEEEERE NS N {301}

y = A
where v 1s the activity at time t,
A is & constant, and

T is the time constant Tor the curve,

dhen +t = 0, then the constent A = Yo the activity at time = 0
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y = ya@“th
log )y = log.y, = 1 /T
log,y, ~ logyy = 1 /T
(logy, = log y)/t = 1/T =  GRADIENT
when T = t;
1anyg - 1ag&y = 1
laglgym - 1mglay = 0,4343

By subtracting 0.4343 from log,ny_, the time constant (T) is
found Tor the curve showing the fall in haemolymph activity of
each prawn ageinst time. The time constant (T) is rate at which
chromium is cleared from the hsemolymph. The rate of primery urine
procduction was taken to be egual to the clesrance rate. The
definitive urins production is teken as belng the clesrance divided
by the U/H ratio for EDTA. The urine nroduction retes are
expressed as percentage of body wt/day.

For each prawn used the haemolvmph activity levels were
recorded at the beginning and the end of the experiment., From
the initial asctivity level the EDTA wvolume was calcoulated and
the time constant (T) found from the plot of the logs of the initial
end final haemolymph activities ageinst time. The following is
an example of this method of calcoulating urine production knowing
these two factors:

Prawn no. 26 (weight 1.35 g) kept in 100% SW at 18°C

Duration of experiment 36 hours
Activity injected 144,776 counts/100 sec
Initial haemolymph activity 614 counts/100 sec/lpl

Final haemolymph activity 65 counts/100 sec/lpl



24

Heemolymph volume 17.92 9% body weight
Time constant (T) 16  hours

Clearance rate (24x100/16)

150x17, 92)
100x 2.34

#

150 % haemolymph volume/day

Urine production ( 11.48 9% body wt/day

#

12,3 Efflux of Cr-51 EDTA.

Urine flow may be determined indirectly in prawns by
measuring the filtration rate and dividing it by the chromium
urine to haesmolymph ratio. If the Cr-51 EDTA is uniformly dis-
tributed in the EDTA space, and if urine flow is constant, the
total amount of Cr-51 EDTA loss from the whole animal will be
exponential. The rate constant for chromium excretion can be
calculated by plotting the activity in the whole animal and time.

The rete constant for the excretlion of chromium can then be used

to celculate the filtretion rate in the bladder (ml kgnlhrml} by
using the sguation:

F o= S U - 15
where K = the rate constant of Cr-51 EDTA from

the whole animal,

V = the EDTA space (ml),

Wt = dis the wet weight (kg), and

F = the filtration rete in the bladder (ml kgalhrml}

13. Determination of drinking rate.

13.1 Under a steady state experiment.
The experimental animals were placed into & loading medium

with an activity of approximately 35,000 counts/100 sec/ml. After



loading for two hours, the animals were nlaced in a non-radiocactive
bath for one hour to remove the Cr-51 EDTA  from the gill chamber.
The salinity was the same in ell baths for a particular experiment,
The volume of water ingested was estimated, The Cr-51 EDTA
activity in the animal was counted using a Panax well-typed crystal
(c5 8H], and scintillation counter (USC-BP1)}. The sctivity of

1 ml of the medium was also measured. From the activity of the
medium, the volume of water ingested was estimated, on the assump—

tion that no excretion had occurred.

At x 100

{3?‘ = A }(tx‘e{jt B ESBRBRTEER B RE
O

(3.3)

where Dr is the drinking rate (% body weight/hr),
At 1is the total redicactivity disintegrate in the animal
at time t (counts/100 sec),
A is the mean concentration of Cr~51 EDTA of the
external medium per ml (counts/100 sec),
t is the duration of the measurement (hr), and

Wt is the welght of the prawn (g)

13.2 A sudden transfer experiment,
The main orocedure of this experiment is similar to those
in 13.1 except that the experimental prawns were loading at 1, 3,
6, 12, and 24 hours in loading media of designed salinity. The

volume of water ingested was then estimated from equation ....{(3.3)
14, Estimation of hasmolymph volume,

The radioactive tracer employed was Cr-51 EDTA. Cr-81 EDTA

is a metabolically inert substance, easily Tiltered and is not
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taken up reapidly into body cells. It is readily counted and
therefore can be used to estimate haemolymph volume by isotopic
dilution,

Imitially the experimental prawns were blotted and welghed,
An injection of Cr-81 EDTA was made with a 0,1 ml Hamilton
syringe. The needle was inserted through the abdominal sagment
and 2 pl of Cr-81 EDTA waes injected into the abdominal artery
at the sixth abdominal segment. The syringe was held in nlace
for 15 sec, . then gently withdrewn through a wad of ebsorbent
tissue whose Tunction was to minimized bleeding and also to absorb
any leakage. This volume of injected solution, about 2 pl, wes
calculated not to increase the expected heemolymph volume of the
prawn by more then two per cent. After injection, the nrawns
were returned to the medium which they had previously been accli-
mated and left for an hour to allow both recovery from the operation
and also tracer mixing throughout the extre-cellular fluid. The
animal was then removed from the medium and placed in a counting
tube. For all determinations of radicactivity the whole animal
was counted over a 400 second periad and the aversge of counts for
100 seconds was recorded,

Haemolymph samples were taken at one hour after injection.
The haemolymph was blown out of the pipette into a watch glass of
liquid paraffin, Ten pl of haemolymph was teken up by capillarity
using Drummond micres-pipettes, The Drummond pipettes were dig—
charged into 1 ml of distilled water in a counting tube, The
radicactive content of the hasmolymph was then counted aver a 400

second oeriod.



The volume of haemolymph of each prawn was calculated from

the eguation:

V:L = L},‘[IS % & % 8RB S LA RRRE B (Buﬁ}
where V, = haemalymph volume (p1l,
4 = the amount of radioactivity in the whole animal

after injection, and

5y
i

= an average concentration of tracer substance in
1 yl taken an hour after injection
In order to convert the heemolymph volume into the percentage
of body weight, the haemolymph volume cbteined from eguation (3.4)
was used for further calculetion in eguation (3.5).

vV, = (1.03 x Vv, x 1I00J/ME  seevovennnsaas (3.5)

where V., is the haemolymph volume (% body weight],
1.03 is the specific gravity of hasmolymph of prawn
(Parry, 1954),
V., is the hasmolymph volume obtained from equation (3.4)

and expressed in terms of ml, and

Wt is the initial wet weight (g)
15, Estimation of bladder volume.

Prawns were injected with 2 pl of Cr-51 EDTA. The initial
activity of the injected Cr-51 EDTA was recorded. After one
hour the haesmclymph samples were taeken for the haemolymoh volume
estimation. At the end of the experiment the totel activity of
labelled chromium in the whole animal, in the haemolymph, and in
the urine were recorded, The wvolume of the bladder then can be
calculated by assuming that the space occunled by extrahaemalymoh

chromium is eguivalent to the volume of the urinary bladder.



16, Sodium=-22 efflux,

The use of redicactive trecers to measure ionic fluxes is now
widespread, It is based on the principle that the redio isotone
emploved behaves chemically exactly like the corresponding natural
element. The rate of fluxes from & compartment A, to snother, B,
conbaining inditially no isotope is accuretely messured by the rate
of appearance of the iscotope in B gver & short but finlte neriod
of time during which the back diffusion of the isctope from B to
A is small and negligible by compardson with errors from other
sources. The method is of enormous value since it permits the
measurement of rate of fluxes even when there is no chemically
analysable change in the contents of either component.

The isotope sodium-22 was uwsed in preference to sodium-24
since the latter has a haelf-1ife of only 14.9 hours compared with
the 2.6 years of the former., The sodium-22 was supplied by the
Radiochemical Centre, Amersham, as sodium chloride in aqueous
solution, specific activity 1.21 mCi/mgNa.

Owing to the fact that redicactive disintegration is o rendon
process with reference to time, the asccuracy of any count will be
related to the number of disintegretions observed., The following

equation relates the size of the stendard deviation of the means

to the count size expressed as a percentage.

N/Na. of counts observed

{ = Al 'R} u.\
No. oF counts observed ~ 00 noED ... (3.6)

For a standard deviation of il% of the mean, 1t can be ssen
from the sbove eguation that a count 10,000 is necessary. Any

reduction in the size of the observed count will increase the
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deviation from the mean and reduce accuracy. Specific activities
and count times were selected to give not less than iz% BCCUTARCY .
Sodium-22 has a long half-life for decay, 2.6 years. As
most of the experiments were run for only a few days, the problem
of correction for decay during the experiment did not arise. The
totel count of a radiosctive sample is related to the inverse
sguare of the distance from the detector and samnle constant when
a series of samples is being counted, or the same sample recounted.

over a period of time.

16.1 The counting of radioactive sodium.
Counts were recorded on Panax scaler with a nreset time.

The EHT wvoltage, window width and attenuation settings were
selected to obtain the maximum count with minimum beckground.

The counting characteristics of the eguipment are affected by
gxternal Tectors such as atmospheric oressure and temperaturs.

In order to compensate for any such change & sodium-22 standard
was counted regularly during experiments and the appropriate

corrections made to the experimental count when necessary.

16.2 MWeasurement of the sodium efflux.

Sodium effluxes were measured either in prawns which had
reached a steady stete or in prawns subjected to rapid transfer
from a medium of one salinity to another (a nonsteady state prawn).
Fully loaded animals were used to determine the rete constant for
losg of sodium in experimentsl medies. Experimental asnimals were
removed from the loading medium and thoroughly washed in deionized
water or inactive medium to remove tracer adhering to the body

surtace. The washing out experiment was performed in & special



30

circulation apparatus. This allowed continuous monitoring of the
radioactivity remaining in the animal with time, without removing
the animal from the experimental medium,

The apparatus consisted of a large reservoir of two litres
capacity and an animal counting chamber. A& plece of narrow bore
polythene tubing cerried the washing medium from the reservolr to
the counting chamber which contained the exparimental animals,
Another polythene tube carried the medium back to the reservolr,
thus, forming a continuous circuletion system. A stream of air
produced by a small aguarium pumpn was used to drive the circula-
tion. The counting chamber was placed in the well of the
scintillation counter. Counts were taken at zero time and at 15
minute intervals. The rate of constant for the sodium efflux was

calculated from the equation .....e (3.7)

N -Kt ,:,
G'i; hasl GQQ B E ORGP SR T OB GRS ‘:u.?)
where Qa is the initiel counts of the whole animal,
Gt is the counts of the whole animal after time t{hr), and

K is the rate constant for loss of sodium from the bady
which is the fraction of the total sodium lost by all

rouvtes per hour.

Multiplication of K by 100 give the percentage of total sodium

loss from the preawn per hour. From equation (3.7), K can be

derived:
C y
‘51;‘ == En‘t L N A R RN (3:8}
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By taking the logarithm of sach side this becomes

o

t
24303 1::3{,31G o = Kt
g
Co
or 2303 10@1& E; = Kt
2,303 Co
Therefore K d """”"“_Em lﬁjgla "'[":'t; sessansean (-’3-§}
When Gt has Tallen to half the valus of QG, exchange 1s half
G
comnleted and, since Eﬂ = 2
t
So Kt% = 2.303 logla 2
0.693
K At 't;j R R HEN SRR E BB (3'19)

17. Etatistical trestment of the data.

Values obtained in the present investigations were submitied
to appropriate statistical test. The results for any two grouns
were analysed by "Student's” t-test. Any significant effect due
to interactions between the two factors such as temperature and
salinity was determined by the analysis of variance. In the
oresent study the Tollowing probability for significant differences
were assigned:

P> 0,08, not sigmificant:

P <0.085, significant;

P<T 0,001, highly significant.
In the tables,

number of observation:

e
#

pris |
i

the srithmetic mean:

80 the standsrd deviation.

B



The vertical line in the figures represent a +standerd deviation

of the mean.

18. Notstions and terms used in the text,

Several possible ambiguities in terms need to be clarified.
The terms in guestion are here set off by quotation marks, hersg-—
after, difficulties in the connotation of these terms should be
resolvable by reference to gualification set out in the sresent
section,

The terms “shrimp" and "prawn" are used throughout the text
as common names. There is no universally accepted differences
between these terms, and no taxonomic affinities distinguish of
the animals under consideration., Prewn, however, usuaslly indicates
a species of the family Palasemonidae. Shrimp refers to member of

the family Penaeidae, and Crangomidae. Pandalus montagul, the

English pink shrimp, is one of several excentions,

The term "haemolymph® used in this thesis refers to the
whole blood taken straight from the animal, and its volume is
defined operationally as & trecer dilution volume. "Blood" is
used as equivalent to haemalymph, and used interchangeably with
the term haemolymph,

"The equilibrium concentration” is the external sodium
concentration at which a steady state is reached between the
solution and the animals. The term "fully loaded animal® is
applied to one which has been allowed to exchange its sodium with
a medium containing tracer for a time sufficient to ensure that

the specific activity is the same in both enimal and medium,
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"Loading medium® refers to a solution conteining one or more
radicactive lons,

The terms "molt" and Yecdysis™ are used interchangeably in
this thesis. "Time course" of a process signifies that successive
measurements of a designated variable were made at intervals during
the process. The object of determining time courses was to allow
prediction of time to comnletion of an event in an individusl
which was sampling during the process,

The term "gradient® is used to indicate the difference in
concentration between body fluids and the medium (Riegel, 1559).

The term "acclimation®, "acclimatization”, and "adaptation®
were defined after Fry (1958)., Actually there is by no means
universal agreement in the literature as to how these terms should
be defined. For instance, Fry (1958] makes a distinction between
all three terms. He defined acclimation es & short-term non-
genetic change in response to a change in & single environmental
factor. Acclimatization is a long-term response onereting throughout
life and possibly influencing future generations through non-genetic
means., By adaptation, he referred to change at the phylogenetic
level, including mechanisms for the production of direct responses
and mechanisms for anticipation of seasonal changes that have been
fixed in the heritage of the species., 0On the other hand, Bullock
(1985) did not distinguish between acclimation and acclimatization
but preferred the former term. Kinne (1964) considersd adaptetion
as often consisting of a genetic plus & non-genstic (acalimatimn)
component and did not separete ecclimation and acclimatization.

Other authors, for instance, Grainger (1958) and Bowler (1563)
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have defined acclimation, and acclimatizetion in more specific
ways. The term acclimation, as used here, includes any non-
genetic adjustment by an organism as a direct response to a
chenge in a single environment factor, salinity or temperature,

in the laboratory.



Iv. EFFECTE 0OF TEMPERATURE AND SALINITY ON THE

ACCLIMATION OF THE PRAWN, PALAEMON BSERRATUS

Before studying the ionic behaviour in different salinities
and different temperstures, preliminary experiments were necessary
to determine the time course of scclimetion for the prewn to a
change in salinity and temperature. When & prawn in a steady
state with its medium is transferred to a new medium, there will
be & net gain in lons by the armimal if the new medium is more
concentrated than the old, and a net loss if it is more dilute,
The amimal will reach a new stpady state when influx of ions from
the external medium is balanced by a similer efflux from the body.
The period for the attainment of & new stesdy state will be referred
to in this thesis as the acclimetion time. In order to assess
the time taken for the prewn to adept to a change in tempermtures

and salinities the following experiments were underteken,
1. Influence of temperature on acclimation.

Two sets of experiment were designed to measure the rate of
change of the concentrations of sodium in the haemolymph of prawn
when temperature is changed. The salinity of the external medium
was kept as constant as possible end the temperature varied,
Preliminary studies indicated that a rapid and considersble change
in temperature is inimiceble to the prawns. Exnerimental tempes-
rature changes were, therefore, limited o 1@“6 and changes in
temperature were introduced gredually over a period of sbout 30

minutes.

35
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1.1 A rapid increase of the temperature of the external
medium from 1587 to 2570,

After four days acclimation in 100% SW at 15°C, forty
prawns were subjected to an increase in temperature from lﬁg to
Zﬁoﬁ. Five animals were subsequently removed from the experimental
tank at 3, 6, 12, 24, 48, 72, and 96 hours, Haemolymph samples
were taken and the concentration of sodium measured by flame
spectrophotometry. The results are given in Taeble 4.1, and in
Figure 4.1. The value at zerc time represents the haemolymph
samale from amimals maintained at ISDQ for four days.

The prawns show a rapld decresse in concentration of sodium
in the haemolymph from 365 +7.1 mi/1 (n=18]) to 341 +2.5 mit/1 (n=5)
within 12 hours. After this period the sodium concentration rises
again until at 48 hours the level in the haemolymph has stabilized.
The differences in the sodium concentration in the haemolymph
between those at 48 hours, 350 +2.6 mM/1 (n=5) and those at 96
hours, 3852 +3.3 mi/1 (n=5) are not statistically significant,
This suggests that in normal sea water when the temperature incresses
from 157 to 2596 it takes the prawns about 48 hours to reach the

new steady state.

1.2 A sudden decreasse of temperature of the external medium
from 15° to 5°C,

Prawns acclimated in 100% SW at 158°C for seven days were
subjected to & decrease in temperaturs to 5°C. The results are
shown in Table 4.1 and in Figure 4.1. The decreass in temperature
resulted in an initial increase in the average concentration of

sodium in the haemolymph. The increase in mean concentration of






38

sodium in the haemolymph was repid during the first 12 hours, from
365 £7.1 mM/1 (n=18) to 395 +13.1 mM/1 (n=5). This phese was
followed by a more gradual decline in concentration from 395 +13.1
mi/1 (n=8) to 393 +14.1 mM/1 (n=5) over the next 12 hours, The
differences between the mean sodium concentration in the haemolymph

at 12 hours and those at 96 hours are not statistically significant.
2« Adaptation of prawns to a change of external medium salinity,

The time course of adaptation of the haemolymph to changes
of external medium salinmity at a constant temperature hes also been
studiad in experiments involving either increase or decrease in

salinity.

2.1 A rapid transfer from 100% to 50% SW at 15°C.

Forty prawns were acclimeted faor four days in 100% 5W at
1500, and then were transferred to the test medium, 50¢% 8W. Grouns
of five prawns each were sampled at 3, 6, 12, 24, 48, 72, end 96
hours after transfer. The results are shown in Teble 4.2, and
in Figure 4.2. The value at zero time represents the haemolymph
samplas taken from animals maintained at lﬁaﬁ in 100% SW for
four days.

The prawns show a rapid decrease in concentration of sodium
in the haemolymph from 365 +7.1 mi/1 (n=18) to 332 +7.4 mi/1 (n=5)
within six hours followed by a period in which the sodium in the
haemolymph gradually decreesed to the equilibrium level. The

decrease of sodium concentration in the haemolymph was slow after

six hours and tended towards the steady state after 48 hours.



2.2 A sudden transfer from 100% to 125% SW at 15QB.

This experiment was undertaken in the same marnner as that
described in experiment 2.1. The results are shawn in Table 4.2,
and in Figure 4.2, Both in 100% and 125% SW the sodium concentra-
tion in the heemolymph of prawns was hypo=-ionic to the medium,

When the concentration of medium was increased from 1008% to 125%
W, the concentration of sodium in the haemolymph rose rapidly

from 368 + 7.1 mi/1 (n=8) to 389 + 16.2 mW/1 (n=5). After 12 hours
the sodium concentration in the haemolymph decreased again and

approached a steady level at around 382 + 4.0 mM/1 (n=3).
3. Discussion,

The temperature as well as the salinity has been shown to
influence the rate of acclimation of the prawns. The present
data show that it takes between 12 to 48 hours to reech the new
steady state, as indicated by steady state haemolymph concentration,
after exposure to a changed temperature or salinity. In order to
ensure full acclimation of the experimental animals used in the
subseguent experiments three days were allowed for acclimation to

a new medium or new tempersture.






Table 4.1 Concentrations of sodium of the haemolymph of prawns

in 100% SW after transfer from 15° to 5°C and 15° to 28°C

Time Goncentrations of sodium in haemolymoh

(hours] 15% to 8% /2] 15%C to 25%
364.78 + 7,14 (18) 364,78 + 7.14 (18)
357.00 + 7.58 (5) 366.40 + 3.88 (5)
378.00 + 7.58 (5) 356.00 + 7.87 (5)
12 395,20 + 13,08 (5) 341.25 + 2,50 (5)
24 397.00 + 12.55 (&) 345,75 + 3,95 (4)
a8 395,25 + 15,61 (4) 380.40 + 2,61 (5)
72 393,20 + 17.36 (5) 352,20 + 5.31 (5]
96 393.20 + 14.40 (5) 352.40 + 3,29 (5)

Table 4.2 Concentrations of sodium of the haemolymnh of prawns

after transfer from 100% to 50% SW, and 100% to 125% SW, at 157G

Time Concentrations of sodium in haemolymph

(hours) 100% to 5&%/8@(m@/1} 1009 to 125% Sw

0 364,78 + 7.14 (18) 364,78 + 7,14 (18)
346,00 + 5.48 (5) 388.80 + 16,21 (5)

331.60 + 7.40 (&) 371,40 + 4,90 (5)

12 329.00 + 3.08 (5) 382.00 + 11.31 (4)
24 328,50 + 10.14 (4) 376.75 + 3.50 (4)
48 326.80 + 7.14 (4) 378.33 + 2.89 (3)
72 322,40 + 3.71 (5] 3681.76 + 9.60 (4)
96 322.33 + 4.13 (6) 382.33 + 4,04 (3)

4l



V. EFFECTS OF TEMPERATURE ON THE GCONCENTRATION OF

THE HAEMOLYMPH OF THE PRAWN, PALAEMON SERRATUS

IN MEDIA OF VARIOUS SALINITIFS

The evidence described in the chapter TV led to the conclusion
that the ionic behaviour of the prawn is affected by temperature
and salinity. In the light of this, an experiment was designed
to study the influence of temperasture on the concentration of the
haemolymph of the prewn in different salinities,

Prawns were acclimated to four levels of salinity, 50%, 785%,
100% and 125% SW. Each series of experiments was repeated at SQ,

O, 159, EQQ, and 2508 under the same conditions as described in

10
the method section. Prawns were initially acclimasted for three
days in each salinity, and tempersture in order to ensure that

they were in a steady state with their medium and temperature.

ls BSodium and chloride concentrations of the haemolymph of orawns

kept in normal sea water at different temneratures.

The concentrations of sodium and chloride in the haemalymph
of prawns kept in normal ses water at temperatures ranging from
5° to 257°C were measured. The results sre shown in Table 5.1.
In general, the response of the experimental anmimals to the test
temperatures in normal sea water was similar in respect of both
sodium and chloride. The concentration of these ions in the
haeemolymoh was maintaeined hypoionic to the medium. The degree
of hypotonicity depended on the temperature (Figure 5.1).

The sodium concentrations of the haemal ymnh decreased with

increasing temperature, going from 391 +18,9 mM/1 (n=18) at 5%
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to 34 49.2 mit/1 (n=18) at o5°C. Statistical analysis showed

that in normal sea water there were significent differences between
the sodium concentrations of the haemolymoh of prawns kept at a
temperature ranging from 5° te 257G (Teble 5.2). The chloride ion
followed the same pattern as those of sodium, decreasing with
increasing temperature, from 410 +8.1 mi/1 (n=18) at 590 to 358

+5.58 md/1 (n=15) at 25°C (Table 5.1)

2. BSodium concentrations of the haemolymph of prawns immersed

in 80% SW at different temperatures.

In 50% SW the sodium concentration of the heemolymph is
maintained hyperionic to the medium. It anparently showed an
irreguler increase with increasing temperature (Figure 5.2) rising
from 265 +10.6 mi/1 (n=18) at 5°C to 307 +2.2 mu/1 at 18°C end
then decreasing down to 297 48.9 mM/1 (n=18), and 297 +8.3 mM/1

(n=18) at 20° and 25°C respectively.

Je Sodium concentrations of the haemolymph of prawns kept in

75% 8W et different temperatures,

For prawns kent in 75% SW at 57, 10%, 157, 20°, and 25°%
the sodium concentrations of the heemolymph were 336 4+10.2 mia/1
(n=18), 335 £11.0 mM/1 (n=18), 339 +3.3 mi/1 (n=18), 333 +10.5 mi/1
(n=18), and 343 +8.6 mil/1 (n=18) respectively. A trend of increasing
sodium concentrations in the haemolymoh with increasing temperature
was seen, but the differences were not stetistically significant

(Table 5.4).
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4, Sodium concentrations of the haemolymph of prawns kept in

concentrated sea water, lZE%:BW, at different temperatures,

In 125% 5W the sodium concentration of the haemolympoh was
about 438 + 14.0 mi/1 (n=18) at 5%, There was a decrease in the
sodium concentrations with an incresase of tempsreture to a minimum
value at shout 15°C, 382 + 8.2 md/1 (n=18), and then elevated to
406 + 10.2 mi/1 (n=18) at 20°C, and to 431 + 14.8 my/1 (n=18) et
28°c. In other words, the differences between the internal and

the external osmotic concentration were grestest at 157 (Figure 5.2),.
5. Discussion.

The resulits presented in Figures 5.1, 5.2, and in Tables
5,1 -~ 5.5 suggest that the prawn is an excellent osmoregulator,
The animal regulates hyperosmotically in media below approximaltely
70% B0 . Conversely it regulates hypoosmotically in sea water
concentrations above 70% SW.

It appears that salinity and temperature intersct to alter
the ionic belance in the prawn. In 50% SW prewns acclimeted to
five temperatures, BQ, 100, 15ﬁ, ZGQ and ESQS, maintained the
haemolymph sodium above that of the medium, apparently independently
of the tempersture. The regulation of sodium ion in the haemolymph
hecomes less effective at 1&66, and still less at a temperature
of 603. As shown in Figure 5.2, at low temperature the concentra-
tion of the sodium in the haemolymph of the animal in 50% SW
decreases towards the medium concentration. It is possible that
at low temperature the uptake efficiency of the gills is impaired,

and a lesser amount of sodium is teken in to compensate for sodium

loss in urine {ses further experiments in chapter X, XIT ).
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In dilute media over the normal range of tempersture, the
upteke of salts is balanced by excretion, If the intensity of the
environmental stresses increases, such as cold plus a dilute
salinity, the rate of salt untake cannot balaence losses through
the extra-renal and renal routes. Therefore, the hasmolymph sodium
concentration falls until balance is agein achisved. In low
salinity environments, low temﬁafature appears to be much more of
a threat to the osmotic and ionic regulstory mechanisms in the
nrawn than are higher temperatures in so far as the water content
increases and the degree of regulation declines (Figure 5.3).

The maintenance of a hyperosmotic state in dilute media is an

energy consuming process,. The decrssse cobserved at low tempersture
in haemolymph sodium of prawns kept in dilute medium might, therefore,
give some energetic advantage by reducing the energy requirement

for osmoregulation though, of course, the reduced gradient may

itself represents the inability of the prawn to regulate because

of failure of adequate metebolic provision of energy.

Within the range of the test temperstures, the armimals show
isotomicity to the medium in salinities ranging from 65-70% &0
(Figure 5.1). The point of isotonicity varies with temperature,

At 5°C the isotonic point is found in & salinity of 65% SW, whilst
it is at a salinity of 70% SW at 157 and 25°C.

In salinities sbove 70% 8W the animals exhibit hypoionic
regulation of sodium. This capacity is wmore marked when the nrawns
are kept in more concentrated sea weter., At a selinity of 125% Su,
the sodium concentration in the haesmolymoh wes higher st 570 and

25°¢ than at 18°C. This suggests that the ebility of the prewn
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to maintain a larg@ gradient of hypotonicity declines at high and
low temperature.

In normal sea water when the prawns are subjected to low
temperature, the sodium concentration in the haemolymnh is incressed
8s the temperature gets lower. The results of this experiment
agree with the observations of Panikkar (1941) on P. serratus and

Palaemonetes varians, with those of Broekema (1942) on Crangon

crengan and with those of Todd (1963) on the isonods, Ligia poeania,

and ldotes granylose,.

gimilarly, amimals in dilute medium tend to show & decrease
at least initially on exposure to low temperature as Lockwood (1960)

showed in Asellus acguaticus, He suggested that the eventuzsl incresse

in haemolymph sodium ion concentretion in A. aguaticus associated
with a fall in temperature might be due to the accumulstion of
maetabolites in the cells followed by a shift of water from the
haemolymph. Riegel (1959) compared the weights of spheeromid
isopods at temperatures of EQG and 1665 in both low and high salimity
media and reported & welght galin in the low salinities at the lower
temperature. Along with the change in welght which he explained
as an upset in matabolism, there was also a shorter survivael neriod
at the low temperaturs.

Verwey (1987) interpreted the temperature effect as an attemnt
by the enimals to maintedin a constant osmotic pressure, measured
in atmospheres, by increasing osmotic concentration of the body
fluids at the lower temperature. His celculations certainly showed
a reasonably constant osmotic pressure of the haemolymph of

G. crangon based on Broekema's (1942) work, but could not exnlain



the lower osmotic concentration of the heemolymph at the low
temperature in low salinmity. The reversal effects of the temperaturs

on L. grangan (Weber and Speargaren, 1970) and Penseus aztecus and

P. duorarum (Williams, 1960) occurred within the natural range of
temperature conditions suggesting that any guestion of a breakdown
of osmoregulation at the low temperature is unlikely. Morecever,
there is experimental evidence suggesting that these changes
represent a readjustment of the level of the new steady state of
the body fluids regulation rather then osmotic feilure.

Only the interdependence of temperature and salinity can
explain the effects in the prawns as observed in the present stucy.
The increase of haeemolymph sodium of prawns kept in normal ses
water at low temperature could be due to either an incresse in
integumental sodium permesbility or a decrease the net rete of
extrusion of sodium. The first hypothesis is unlikely to be
responaible for the increase in sodium concentretions of the
haemolymph, since low temperature tends to cause & decrease in
effective cell membrane permeability rather than increase. This,
therefore, leaves the second hypothesis, a decrease in the net
rate of excretion of the sodium ion, as the nossible ceause.

It can be seen in Teble 7.6 of chapter VII that the drinking
rate is reduced to about half that of the control while the sodium
efflux (experiment 2 of chapter XI) is only one third of the rate
at 15°C. Furthermore, the decresse in urine flow at low temperaturs
as shown in experiment 12 of chapter X also suggested thet the
urinary sodium loss rate is reduced. The increased sodium concen-
tration of the haemolymph also decreases the osmotic gradient thus
reducing water outflux. This, in turn, minimises the osmotic work

for the prawn in such circumstance,



Table 8,1 Concentrations of chloride of the haemolymph of prawns

Treatment

kept in 100% SW at different temperaturss.

[c17]

mit/ 1
409,87 + 8.12
(15)

385.07 + 6.69
(15)
365.87 + 7.84
(15)
358.73 + 4.91
(15]

357.60 + 5.51
(15)

groun

B,0

C,0

0,k

E,A

Analysis of t-test

df

28

28

28

26

t=-value

0,5947

20,6196

probability

P<0.001

P<0.001

P< 0,01

P<0.001

Teble 5.2 Concentrations of sodium of the haemolymph of prawns

Treatment

kept in 100% 8¢ at different temperatures.

[ne"]

mh/1

391.39 + 18,94

(18)

375.17 + 10.06
(18)
364.78 + 7.14
(18)
351,44 + 11,38
(18)

343,83 + 9.23
(18)

group

A,B

B,0

C,eD

Anaelysis of t-test

df

34

34

t=valus

3, 2096

3.8726

4.2112

22040

9.5773

orobability

P< (,008

P< 0.005

P< 0.001

P< 0,05

P< 0,001



Teble 5.3 Concentrations of sodium of the haemolymph of prawns

kept in 50% 5¢W at different temperatures,

Trestment [&&%] Analysis of t-test
il /1 OrouD df t-value nrobaebility

A, 8% 264.56 + 10.55  A,B 34 10.6770  P< 0,001

(18)

8,10  303.33 + 11.24 B,C 34  1.3791 NS
{18)

c,18°%  307.06 + 2,21 C,0 34  5.9928  P< 0,001
(18)

0,20%  296.78 + 6.93 D,E 34  0,1092 NS
(18)

£,25°%  296.50 + 8.28 E,A 34 10.1202  P< (0,001
(18)

Table 5.4 Concentrations of sodium of the haemolymph of prawns

kent in 75% SW at different temperatures.

Treatment [Na+] Analysis of t-test
: mm/l groun cif te-value nrobability

A, 87C  335.50 + 10,17 A,B 34 0,1101 NS
(18]

B,10°C  338.11 + 10.99 B,C 34  1.2741 NS
(18)

c,15°c  338.56 + 3.28 C,0 34 2,324  p<0,05
(18]

D,20°C  332.850 + 10.47 D,E 34 3,624  P<0,005
(18)

E,25°C  343.22 + 8.57 E,A 34 2.4632  P<0.08
(18)



Teble 5.5 COConcentrations of sodium of the haemolymph of prewns

kept in 125% SW at different temperatures.

Treatment [Na-z»] Analysis of t-test

o oroun of t-value orobability
m;‘éf/l

A, B7C 438.44 + 14,43  A,B 34 11,1291 p< 0,001
(18)

B,10% 99,28 + 3.83 B,C 34  7.8981  P< 0,001
(18)

¢,15°C 382,44 + 8,19 0,0 34  7.5116  P< 0,001
(18]}

0,20°C 405,61 + 10.20  D,E 36,0004  P< 0,001
(18)

E,25°C 431,11 + 14,83  E,A 34  1.5036 NS
(18)



VI. WATER OCONTENT OF THE PRAWN, PALAENMON SERRBATUS,

AGCLIMATED AT OIFFERENT TEMPERATURES AND

IN DIFFERENT SALINITIES

It has been shown in chapter V that prewns regulate their
haemolymph hypertonic to the medium in dilute media, and hypotonic
in normal sea watér as well as in concentrated sea water. In
dilute media, water tends to enter the body along the osmotic
gradient, conversely the animals tend to lose water in hypertonic
media, Thus changes in the internal water content may occur which
influence osmotic concentration of the haemolymph. 0On the other
hand the prawn possesses a body surface with low permesbility to
water and salts which is capsble of limiting water gain in =a
hypotonic medium to same extent. There is also the possibility
that the antennal glands might play an important role in regule-
tlion of water content of the prawn elther in hypotonic or hypertonic
media.

The sbove considerstions led to the investigation of whether
any effective regulation of the water content of orawns cccurs in
the tempersture range from 50 to ZBGG when the animals are kept
in salinity range from 50% to 1259 SW. In order to study the
possible combined effect of temperature and salinity on the water
content of the animals, a basic factoriel experimental design was
used, The design was a 3 x 3 factorial in which three levels of
temperature and salinity were studied, making & total of nine
different combinations of the experimental conditions, Groups of
18 prawns were used in the analysis. The total water content was

determined by drying the armimal at 720%C to a constant welght after



obteining the wet weight. The water content was calculated as the

difference between the wet weight and dry weight of the nprawn.
1. Tatal water content of prawns in relation to size,

The water content of prawns ranging in size from 0.27 to 2.90 g
was determined. Figures 6,1, 8.2, and 6.3 represent the water
content of animels in 50%, 100%, and 125% Sw at 87, 18°, and 2587
respectively. A straight line was fitted to the data by the method
of lesst squares. There was no evidence that size had any effaect

on the water content. This 1s clearly apparent in the Figures 6.1,

between the wet weight of the prawns and their body water content.
The linear regression relating the water content (W) to size (8)
in prawns acclimated st different temperaturss and in different
experimental salinitles is summarized in Taeble 6.1. The correlse-
tion coefficient (r) of the regression for the values shown in
Table 6.1 are close to one, the water content can, therefore, be

considered constant irrespective of size of the animal.
2. Water content of prawns in relation to salinity and temperature,

2.1 Salinity effect,
The total water content was studied in a salinity renge
from 509 to 125% SW at three temperatures, 5°, 157, and 257G,
The results are given in Table 6.2. AL BQC, the difference in the
body content of prawns acclimated in 50% and 125% SW as well as
the animals kept in 100% and 125% SW were statistically signifi-
cant (t = 7.5841, P<0.001; and t = 4.6440, P< 0,001 respectively;

see Apnendlx 3}, hut the difference between the water content of









Table 6.1 Linear regression equations of water content of orewns

Salinity
(% sw)

160

125

Table 6.2

temperatures, and salinities.

anclimated at different temperstures and salimities.

Temn

(

sraturs EFoguation
QE;}
W= 0.,7421 5 + 0.0095
15 W o= 0,7183 8 + 0,0174
28 W= 0.7230 8 + 00,0147
g W= 0.7308 5 4+ 0.0083
15 W= 00,7468 & - (03,0019
25 1\3);1 =3 0.7132 Eﬁ 4 916239
5 W o= 0,7178 5 + 0.0122
15 W= 07109 § + 0.0173
25 W o= 00,7352 8§ + 00,0003

00,9985
0.9939
0.9984

0.9962
0.9287
0,9985

0.9985
0.9937
0.9985

Water content of prawns acolimated to different

of water content

balinity
(% sw)

50
100
125

75,70
74.84
72.65

Data expressed as the percentage

of the whole animal ner wet welght.

Temperature ()
158

o

1.20 (18) 75.34 + 2.24 (18)
1.89 (18) 74,56 + 1.42 (18)
1.21 (18) 74,97 + 2.10 (18)

I+ i+ i+

25

74.71 + 2,30 (18)
74.36 + 0.74 (18)
73.23 + 1,12 (18)



n
s}

prawns acclimated in 50% and 100% SW was not significant. This
means that when the prawns are subjected to a change of salinity
from 50% to 125% SW or vice verse, the change in water content is
significant (F = 24.4963; P<0.01; Appendix 4).

At 1500, the total body water content of prewns over the renge
from 50% to 125% SW was relatively constant. An analysis of
variance (single classification with temperature held constant )
showed that the differences in water content in eech salinity were
not significant (Appendix 4). This suggests an effective regula-
tion of the amount of water in the prewns at this temperature over
the range of salinity from 50% to 125% SW. When the salinity
decreases to 10% SW the water content of the nrawns increases to
79 + 1.1% body wt (n=18), This increase is statistically significant

(t = 9.8840, P<0,001),

]

Table 6.3 Effect of low salinity on water content of prawns

at 15°C.
Trgatment Weight range Water content Analysis of t-test
! (g) (% body weight)] df t-value probability
lf}{}é‘;’(ﬁ S‘;’} QQSE»‘ j: loQ? 75 j: IIQ
(18) 34 9.8840 P< 0,001
10% 8W 0.20 + 0.44 79 4+ 1.1
(18)

At 2596, the differences in water content of prawns acclimated
to low salinity, 50% 6W, and to high salinity, 125% SW, as well as
the animals kept in 100%, and 125% SW were significant (t = 2.4390,
P<0.085; and t = 3.5617, P<0.001 Paa@amtively}. However the
water content of prawns acclimated in 50% and 100% S¢ was not

significantly different.
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2.2 Temperature effect.
In dilute medium, 50% SW, as well as in normal sea water,
the animals showed a trend toward an increase in water content at
a low temperature. As showed in Appendix g, the body water content
of the prawns at the three temperatures, 5&, 150, and 2870 wars
only slightly different. No significance was found.

In concentrated medium, 125% 5W, the water content of prawns
acclimated at 5° and 25°C was decreased when compared with the
animals kent at lﬁaﬁ. Differences significant at the 1% level
(F = KQ.QlQl) or better existed between the prawns kept over the

range of temperature from 53 to 2502.

2.3 Temperature - salinity effect.

In the hope of gaining some understanding concerning the
possible interactions between the temperature and salinity, the
variance of water content of prawns scclimated to different tempe~
ratures and different salinities was analysed. The results are
shown in Table 6.2,

Temperaturs as well as salinity influenced the water content,
especially at the lower and the unper range of the limit of
osmoregulatory capacity. The combination effects of these two
paremeters was shown by the significance of the temperature -~
salinity interaction (F = 4,0200, P<0.01). This evidence suggests
that the temperature and salimity are interdependent in exerting

an influence on the water content of the whole amimal.



3. Discussion,

The water content of prawns kept in normal sea water at
temperature renging from 5° to Qﬁaﬁ is falrly uniform., This
suggests that within the osmoregulation range the orawns possess
a mechanism to regulate their water content effectively. When
the animals are exposed to concentrated sea water, they show signs
of body dehydration especially when they are exposed to extremes
of temperature. In contrast, the animals show some tendency to
increase water content when they are exposed to very dilute media.
However, for animals in 50% SW the incresse is not large enough
to be significantly different when compared with those kept in
normal sea water. This suggests that within the range of tempera-
turs 57 to ZSQQ the prawns are still able to regulate their hody

Tluid effectively when they are exposed to 50% SW,



VII. WATER DRINKING

The study of the ability to regulate the body fluids hypo-
osmotically to sea water by some marine orgenisms detes back to
1930 when Smith proposed that teleosts continually drink ses water,
ebsorb monovalent ions and water through the gut wall and simul-
tanecusly excrete excess ions extra-renally, mainly through the
gills, in order to maintain a constant haemolymph concentration
lower than that of the external sea water. Later several workers
(Keys, 1933; Wullins, 1950; House, 1963) have performed in vivo
ion transport experiments which confirmed Smith's view,

It is still unclear to what extent the conclusions drawn
from the investigation of the teleosts can be extended to crustaceans
iike the prawn, P, serratus which are also hynoosmotic to sea water,
Fox (1952) showed that both anal and oral drinking of the medium
ccours in a number of crustaceans. Work on oral drinking in the

isopods, Uniscus asellus, Porcellio scaber, and Armacillidium

vulgare has been reviewed by Lockwood (1962], Edney and Spencer
(1?55] demonstrated, by using eosin marked media, that &iﬁiﬁ oceania
takes up water primarily through the anus. For P. serratus,
Panikkar (lﬁﬁl}, using vital red and bromo-cresol green, observed
water drinking occuring in both hyper— and hyno-tonic conditions

but failed to guantify the actual drinking rates over a renge of
salinity. In an effort fto extend the physiological study of
osmoregulatory mechanisms of the prawn, the water drinking and
reverse peristalsis of the prawn over a range of salinity were

ohserved.
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1. ©Staining properties of prawns and motility of the gut.

To detect possible sites of salts and water sbsorption prewns
were placed in saturated Amaranth solution (0.4 g/100 ml) in the
appropriate test salinity. After one hour in the medium at 1536
they were examined under a dissecting microscope. Three salinities,
50%, 70%, and 100% BW were selected. In each salinity, 20 prawns
were examined. The number of gulos of water intake per minute wers
recorded. The counts for each prewn, were made over a five minute
neriod,

In all three experimental media oral drinking always took
place, but the dye entered the gut more rapidly in 100% SW. In
normal sea water, the hepatopancreass, the foregut and the antennel
glands were bright red within an hour. However, the dye seldom
reaches the hind gut or even the posterior half of the mid gut,
Huantitative estimation of drinking retes will be discussed in
section 2.3 of this chanter.

In the examination for reverse peristalsis in the hind gut
only conspicuous examples were construed as positive, Cardiec
agitation of the gut and stationary contractions were disregarded.
The anal intake of water by rhythmic antiperistaltic movements of
the rectum was clearly seen., In some individuals it went on for
long periods with few dinterruption while in others it occured
only in occasional bursts of rhythmic rectal contractions. In
some cases the anal swallowing movements were interrunted at
intervals by pseudo-defaecation of water, whether the gut was full
or empty of food. For fed prawns defascation was frequently

observed, When defaecation ocoured, the faeces were pushed cuickly
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down the intestine and extruded through the anus. In some prawns
the swallowing movements stopped for a few moments afier sach
defapcation, in other ceses their rate doubled just before defae-
cation and slowed just afterwards,

Fox (1952) described the functional process of reverse
peristalsis in the hind gut of a variety of small crustaceans.
After discounting the hypothesis that the function is respiratory,
he proposed that reverse peristalsis is a kind of natursl enema,

In the present study the observation of reverse neristalsis
in fasting animels with absolutely empty hind guts seem to indicate
thet the aenal intake of water has & second indenendent function
additional to that of enema. The evidence in Table 7.1 suggests
the possibility of a difference in response in some ways dependent
upon the osmotic emnvironment (see more discussion in section 2.5

of this chapter).
2. Water drinking.

The rate of water drinking of prawns cen be ouantified by
dissolving a compound in the surrounding water and measuring its
accumulation in gut contents of the animal over a given time. The
compound must, however, be non-toxic, water soluble or abla to
form a colloidal suspension and of & melecular size too large to
pass through the gut wall or gill membrane. It should also not
be digestible and preferably not assccisted with any of the ions
in the medium. In early studies phenol red was utilized ta
determine the drinking rate of marine teleosts by Smith (1930],

and Croghan (1958b) with A. salina, while Panikker (1941) has



Table 7.1 Reverse peristalsis in the hind gut of prewns kent

. . . 0
in different salinities at 156,

Group Acclimation medium

(% sw)

100
70
50

Analysis of t-test

Source of variation

Fed orawn
ALB
8,0

Fasted prawn

20
=20
20

38
38
36

Gulps per minute
fasted prawn

fed nrawn

=
o

14,6
8.2

ﬁ’g

Gy N D
&

I+ i+ i
P3

11.8
'?'3
8.1

KU FR
N3

t-yalue nrobability

5.5380
1.4047
4,4043

4,6149
1.0110
3.8848

Pe 0.001
NS
P (1,001

Pe (.,001
NG
P 0,001
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employed vital red, and bromo-cresol green with P, serratus.

These water soluble technical dyes are of limited use unless
reasoneble cuantities can be recovered from the gut. Use of this
principle, but utilizing a colloid labelled with radico-isotone,
permits accurate measurements to be made in small anmimals. Among
the suitable compounds are inulin C-14 (Evans, 1867: Potts and
Evans, 1967), sulphate-35 (Potts et al., 1967), polyvinyloyrrolidone
I-125 (Evans, 1968), silver chloride colloid, Ag-110 {Dall, 1967),
and polyethylene glycol {Shehadeh and Gordon, 1969).

In the present study quentitative estimation was carried out
using Cr-81 EDTA to ascertain whether drinking formed a signi-
ficant part of water intake., The experiment was designed to
determine the drinking rates in the absence of food and thus the

reported rates are considered to be independent of feeding activity,

2.1 Time course of drinking retes in 100% SW.

This experimant was designed to determine time course of
drinking rates of prewns in 100% SW. Figure 7.1 gives the general
evolution of this paremeter as messured over 24 hours seriod, It
is likely that within 24 hours the drinking rete of the nrewns
was approximetely linesr with time. However to make sure that no
appreciable amount of Cr-81 EOTA is extruded through the anus,
the drinking rates of prawns were only measured within two hours
after immersion in the experimental medium when results wers being
obtained to relate to water losses from the animals.

For comparison of oral and anal drinking, it was necessary
to extend the period of test, and the anus of the animals was

sealed with dental cement. The results obtained could also be used
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for & comparison time course of drinking rate with the normal
prawns as well as providing additional information on the function
of the anus.

The results are given in Figure 7.1. It is clear that the
volume of water swallowed by the anus-ligatured prewns increases
with time. The low drinking rate during the First three hour are
nossibly due to stress from the operstive trestment. After threes
hours the wvolume of water swallowed increases with time and is

approximately linsar.

2.2 Urinking rete and body size.

Ralph (1965) showed for Neomysis integer that there wes a

relationshin between body slze and drinking rete. However, Harris

(1967} found no such reletionship for Schaeroma rugicauda., In

order to determine the effect of body size, if any, the drinking
rate of prawns ranging from 0.13 g to 0.45 g was determined. The
relationship betwsen drinking rete and body size can be exnressed
by the linear regression equation shown in Figure 7.2. It is
apparent that size has little effect, especially within the rengse
of animals used in the experiment {t = {1.0901, df = 28, the corre-

lation is not statisticelly significant).

Ze3 Drinking rate of prawns under steady stete conditions

at 18°C in different salinities.

As mentioned in section 1, the prawns drink the water in
ell three experimental medis, 50%, 70%, and 100% 8W. Weter drinking
is generally continuous, and not necessarily related to feeding

activity, but the rate of drinking was significantly reduced with



Table 7.2 Time course of drinking. rate of orawns after transfer
to 100% 8% with en addition of Cr-51 EOTA. The

gxperimental prawns have the anus ssaled.

Hours after contral axg§rimentﬁ1 DYEwn
transfer - Fluid int@ﬁ& Fluid int&%a
(ul/g body weight) (ul/g body weight)
7.1 + 3.2 (10) -

2 13.1 + 3.3 (10) 6.2 + 3.4 (5]

3 18.5 + 4.3 (10) 11.4 + 2.6 (8]

6 41.8 + 16.7 (10) 35.4 + 5,0 (5)

12 66.4 + 28.0 (6) 75.7 + 24.5 (58)

o4 144.0 + 41,1 (10) 126.3 + 22.7 (8)

Table 7.3 Drinking rates of prawns, under steady state, kept

£
in different salinitiss at 15 0,

Group Acclimation medium n Welght range Drinking rete

(% sw) (g) (% body wt/hr)
A 100 12 0,13 - 0.33 0.69 + 00.13
E}l 7@ ;}42 0321 = Qq‘ﬁ}, Q:ﬁg i GQGS
G 50 12 0.13 - 0,32 0.26 + 0,07

Analysis of t-test

Source of variation t~yalue probability

A,B 6.1252  P< 0.001
B,C 5,2800  P< 0,001
C,A $.9011  P< 0,001
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decrease in external salirmity (Table 7.3). In normal life, of
course, the animal might in addition be expected to take a certein
amount of preformed water in the food,

Drinking rate of the prawns kept in 100% 8% was about 0.69%
body wt/hr, and this value agrees with those reported by Dall (1967)
on M. bennette, 0.6-0.7% body wt/hr. Drinking rate of P. wvarians
in 100% SW is more than treble, 1.90% body wt/hr (Ralph, 1965),
and 2.5% body wt/hr (Potts and Parry, 1964b), the observed drinking
rate in P, serratus. This would be expected both because the
former is an estuarine species with a higher degree of hypotonicity
than thet shown by P, serretus and because of its smaller body size
when adult.

It is probable that in 100% 69 the animels compensate for the
water lost to the enviromment in the urine and by csmosis scross
the gills by drinking and that the water is absorbed scross the
gut eplthelium in associetion with the ective transport of sodium.
The possibility of solute linked water flow pleyving a role in this

untake from the gut will be discussed further in chanter X

2.4 Effect of sudden transfer from 1009 8W to dilute media
on drinking rates.
If the animals continued to drink at the rate normel to

individuals in & steady state after they had bsen trensferred to
a more dilute medium, it is probeble that this would result in an
increase in osmotic load, It was therefore considered that the
prawns might adapt to ocsmotic changes by restricting their drinking
sctivity during the period of re-scclimatization following a sudden
change in the osmolarity of the medium in order to reduce the

immediate water load.



71

Exneriments were designed to determine
(a) whether the prawn modified its drinking rete
following a sudden change in the external
salinity, and
(b) the time course of such changes,
Figure 7.3 gives the general evolution of the drinking retes of
prawns subjected to the sudden change of selinity as measured over
a period of 24 hours. The drinking rates of srewns subjected to
sudden transfer from 1009 to 709 SW decreased significantly during
the Tirst hour,; after transfer and then greduslly decrease towerds
the equilibrium at 12 hours. For the prawns subjected to sudden
transfer from 100% to 509 SW the drinking rate is reduced to the
same level as those in 70% SW during the first hour after transfer
and then there is a gradual reduction to a steady value of 0.26%
body wt/hr. In both groups, the differences in drinking rates
between the initial and one hour following an abrunt change in the
external salinity were statistically different. This suggests
that the prawns reduced their drinking rate repnidly as they were
subjected to the sudden change to the low external salinity.
However comparison with the date in Teble 7.3 that the drinking

5t

rate in animels fully acclimatised to 509 and 709 SW is in fact
legs than that in the first few hours after transfer From 100% to
either 70% or 50% SW. This is the opposite to the situation which

might be expected if the animals are directly relating drinking

rate to body water load.






Teble 7.4 Non steady state drinking rate of prawns following

transfer from 100% 5W to low salinity, expressed as a % body wt/hr.

Hours after Initial Drinking rater after transfer

transfer drinking rate 0% W 205 8W

1 0.69 + 0,13 0.41 + 0,17 0.42 + 0.23
(n=12} (n=12) (n=12)

3 0.42 + 0,12 0.38 + 0.13
(n=12) (n=12)

& 0.48 + 0,18 0.33 + 0.11
(n=12) (n=12)

12 .46 + 0.08 0.31 + G.10
(n=12) (n=12)

24 0.43 + 0,18 .22 + 0,08
(n=12) (n=12)

Analysis of t-test

Haurce of variation Orinking rate df  tevalue probabllity
(% body wt/hr)

Initial drinking .69 + (.13
rate (n=12] 22 4,4887 Pe 0.001
1 hr after transfer 0.41 % 0.17
to 708 sy (n=12)
Initial drinking 0.69 + 0.13
rate (n=12) 00 3.5785  P< 0,008
1 hr after transfer .42 + U.23
to BO% SW (n=12)
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2.5 Drinking rates of orawns with ligetured snus kent in

100% SW at 15°C.

The drinking rate of oprawns, ag shown in section 2.3
represents the amount of water teken into the body both through
the mouth and the anus. An assessment of the role of orel drinking
alone was made by repeating the drinking experiments with amimals
in which the anus was ligatured. The results sre shown in Table
7.5. It appeared that the amount of water drunk through the mouth
by the prawns is about 0.59 + 0.07 (n=15)% body wt/hr whereas in
the case of controls, teking the water into the body both through
the mouth and the anus, it is about 0.69 + 0,13 (n=12)Y body wt/hr.
Thus the rate of rectal swallowing is approximately 0.10% body wt/hr,
assuming that there is no compensation for rectal ligaturing.

Fox (1952) discussed at some length the function of the water
taken into the gut through the anus. He believed that most, nerhaps
all, of the water taken in by prewns through the anus is exnelled
thraough the same aperture at defascation or st nseudo~defascation,
The necessity for a certain amount of waeter far the purnase of
defeecation is unguestionable, but if all of the water taken in
through the anus serves only that purpose, the drinking rate of
the prawns with ligatured anus should not be significantly different
from those of controls. If Fox's view is correct all of the marker,
or nearly all, that is taken in through the anus should be extruded
with the faeces, and there should be no net upteke of water via
this path. The results of experiment 2.5 also provided & guanti-
tative estimation of the rectal swallowing, and can be used as

additional evidence to confirm the finding in experiment 1 of
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this chapter. This suggests that the net upteke of water through
the anus of prewns kept in 100% SW at a rate of 0.10% body wt/hr

is a supplementary means of water uptake into the gut,

2.6 Effect of low temperature on drinking rate of prawns
kept in 100% 5w,

As shown in chapter V, the sadium concentraetion of the
haemolymph of prawn in 100% SW is increased with decreasing
temperature. This change, or the decressed temperature itself,
might be expected to result indirectly in changes in the drinking
rate, In order to determine the ability of the nrewn to maintein
their haemolymph homeostasis at low envirvonmental tempereture,
experiments were conducted to determine if the prawn can alter
the drinking rete in response to & change of temperature.

The results are given in Table 7.5. It aopeared that reducing
the temnerature from 150 to 598 resulted in reduction in drinking
rate from 0.69 + 0,13 (n=12])% body wt/hr to 0.35 + 0.20 (n=15)%
body wt/hr. The differences were statistically significant (t =
5.0265, P< 0,001}, Similar reduction in drinking rete induced
by low temperstures has also been shown in some teleosts {%mtais &
Isaia, 1972). This nrobably results from inectivation, and a low

rate of metabolism of the armimal at low tempersture.



Teble 7.5 Urinking rete of anus-ligatured prawns kept in

Treatment

Normal prawn

Anus-ligatured
DTERWN

sw at 15°C.

Qrinking rate
(% body wt/hr)

.69 13

ﬁ3+

O
1?}
0,0
5}

f"“)(,}:} Mi_ﬂ
ﬂ%+

Analysis of t-test

of t~test nrobability

25 2.6700 P 0,025

Table 7.6 Effect of low temperature on drinking rete of prawns.

Treatment Drinking rate
(°c) (% body wt/hr) df
15 0.69 + 0,13
(n=12) o
5 0.35 + 0.20
(n=15)

Analysis of t-test
t=-test nrobability

85,0265 P=< 0,001



VIII. HAEMOLYMPH VOLUME

The haemolymph volume is intimetely related to total body
water. Changes in total internal body water ere normally reflected
egually throughout the body-water a&mgartmanﬁs though variations
in the level of inorgenic ions in the haemolymph cen initiste
variations in the distribution of water between compartments.

One of the major functions of the heemolymph system in animals is

to provide the cells with a relatively constant internal environment,
despite the fluctuations of the externsl enviranment. In CONSBOUence
control of the extra-cellular volume plays an important role in
eurvhaline amimals during non-genetic adantation to Fluctuating
salinities. Control of variations of haemolymph volume notentially
provide & certain buffer capacity which, by ﬂelaying the change

in internal concentrations, may pertly alleviate short term osmotic
stresses (Sgaargaran, 19725 Lockwood and Inman, 1973)}. The regu-
lation of the extra-cellular volume itself is achieved by epithelisl
structures such as the gills, gut, and antennal glands. Like the
movement of salts, the net transfer of water in the oprewn in dilute
media and normal see water are opposite in direction,

A series of experiments were carried oaut to investigate the
magnitude and variations of extre-cellular space in orawns exposed
to various osmotic stresses. The marker dilution technique was

used to estimate hsemolymoh volume,
1. Heemolymph volume of prawns kept in different salinities.

The haemolymoh volumes of a number of animals subiected to

a range of salinities are summarized in Table 8,1. The results
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indicate that prawns which are fully acclimasted to the test
salinities have remerkebly constant heemolymnh volumes, This
agrees well with the results observed in chapter VI, confirming
that the prawns possess an efficient means of meintaining their

hasmolymph water conbtent,

<. Haemolymoh volume of prawns kept in 1009 SW and stressed by

exposure to low temperature.

It has been shown in chapter V, that in 1009 5% the sodium
concentrations of the haemolymph of prawns rise with & decrease
of temperature. No such varietions occur in haemolymph volume in
these conditions (Table 8.2). At low temperature, in normal sea
water, the prawns are still able to regulate their haemolymoh
volume as effectively as those kent at 157, In ather words, the
haemolymoh volume of prawns kent at 5% is not significantly
different from those kent at 1506, The resullts agree well with
those described in chapter VI in connection with the water content
of the totel body of prewns kept in normal sea water when exnosed
to low tempersture. This means that the incresse in sodium

concentrations of the haemolymph of prawns as observed at low

temperature is mainly due to the increasing amount of the ion.
3., Effect of some inhibitors on haemolympoh volume of prawns,

The observations in this section are part of experiment 7,
chapter X.. It seemed appropriate, however, to sut these date
in the present chapter, since they provided evidence showing the
effect of some inhibitors on salts and water balance of prawns

which are pertinent to the discussions in subsequent experiments.



Table 8.1 Haemolymph volume of prawns kent in different

. e 0
salimities at 187C.

Group Acclimation medium n Weight renge Haemolymph volume

(% sw) {(g) (% body weight)
A 100 358 0,61 -~ 2.45 1% .4 +
20 25 0.40 - 1.35 20.0 + 2.1
G 50 20 0.51 - 1.29 20.4 + 3.1
_S 8 8-93 - iu?i 21’5 :ﬁ T @

Analysis of t-test

Source of varistion af t-value orobabllity

A,B 58  0.8839 NS
B,0 43 0.5998 NG
C,0 53  1,3839 NG
0,A 41 1.8497 NG

Table 8.2 Effects of low temperature on haemolymnh volume

of prawns,

Treatment Haemolymph volume af t-value crobability
(% body weight)

Control 19.4 + 2.3
¥= e p’f‘ ‘i':',“
Experimental a8 0.4832 NE
Drawns 19.8 + 2.7
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Table 8,3 Effects of some inhibitors on haemolymoh volume

of prawns,

Treatment Haemolymph wvolume Analysis of t-test
(% body weight) group df te-value probability

100% Sw

A, control 19.4 + 2,3 A,B 485 7.,3060 P<0,001
o

B, 107°M 25,4 + 2.8 B, 256 5,8000 P<0.001
thionine

c, 107 19.8 + 2.2 C,A 48 0.5129 NS
amniloride
509 SW

0, control 20.4 + 3.1 0,F 30 0.1665 NG

E, 10w 20.3 + 2.8 E,F 16  2,9770 P< 0,010
thionine
s o

F®, 107 M 26.6 + 6.4 F,0 24 3,3429 P<0,008
thionine

Table 8.4 Haemolymph volume of prawns during the first hour

after a sudden trensfer from 100% to 50% 5w,

Treatment Welght range Heemolymph volume Analysis of t-test
(g) (% body weight) df tevalue probability
100% 5w 061 - 2,45 19.4 + 2.3
e THES,
(control) (n=35) 43 2,5075 P<0.025
transfer from 0.70 - 2,10 17.2 + 3.3
100 ta 50% SH (n=10) 28 2.7014 P<0,025
50% oW 0,81 = 1,29 20.4 + 3.1
(control) {n=20)

%*
Prawns did not survive throughout the experiment,
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Table 8.3 shows that an addition of external thiomine to the
100% SW medium increases the haemolymph volume of nreawns fFrom
19.4 + 2.3 (n=88)% body weight to 25.4 + 2.8 (n=12)% body weight.
The difference is statistically significant (t = 7.3060, P<0.001].
When amiloride was added to the external medium there was no effect
on the haemolymph volume of the prawns (the relevant discussions
are given in experiment 6.2, 6.3, 7.1, and 7.3 of chapter X .

When thionine was added to 50% 5W medium only 67% of the
experimental prewns survived throughout the 24 hour-period of the
experimaent. Those that cannot survive through the 24 hour-period
showed a significant increasse of haemolymoh volums From 20.4 + 3.1
(n=20)% body weight to 26,6 + 6.4 (n=6)% body weight, while those
surviving through the experiment showed no significaent increasse
in the haemolymph volume Table 6.3). This imnlies that the nrawns
can survive as long s they are able to maintein the concentrations
of their body fluids within a minimum limit. Presumably when the
sodium pumps cannot keep up with the sodium Joss owing to the action
of the drug, the continuing dilution of the body fluids due to
the passive influx of water, will give rise to impairment of the
osmoregulatory mechanisms (further discussion is given in experiment

7.2, chapter X J.

4, Haemolymoh volume of prawns during the first hour afier a

sudden transfer from 100% to 50% SW,

The haemolymph volume of orewns during the first hour after
a sudden transfer from 100% to 50% SW was determined., The results
are given in Table 8.4, When prawns are subjected to & sudden

transfer from 100% to 50% &W, the haemolymph volume is reduced
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From 19.4 + 2,3% body wt (n=25) to 17.2 + 3.3% body wt (n=10)
during the first hour after the transfer, The reduction is stetis—
tically significant (t = 2.5078, P< 0,025}, The value is also
significantly lower than the value when the prawns resched a steady

state, 20.4 + 3.1% body wt (n=20].
5. Haemolymph volume and body size,

Prosser and Weistein (1950]) showed for (ambarus virilis

as did Shaw (1989b) for Astacus pallipes that there was a relationship

between body size and haemolymph volume, However, Bryan (1960a)

found no such relationship Tor Astecus fluviatilis. In order to

determine the effect of body size, if any, the haemolymph volume

of a number of animals ranging from 0.61 to 2.45 g was determined
and the results asre illustrated in Figure 8.0. It is apnarent

that there is no direct relationshin between the haemolymoh volume
and the body weight P. serratus at least within the renge of animals

used in this experiment (t = 0.077, df = 33).
G« Discussion.

The values obtained here for the haemolymoh volume of
P, serratus agree well with those obtained by Binns (1965b) on

Carcinus maenas, and by Flemister (1958) on Gecarcinus lateralis

but are somewhat lower than Spaageren's (1972) values on Crangon

crangon and Donoghue's (1971) value on P. serratus. The latter

were determined by estimation of dilution of I~131 sodium distrizoate,
It must be borne in mind that the apparent haemolymph volume

of animals may vary according to the method used Tor messurement,
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the molecular size of the marker used (Barr & WMervin, 1968), and
physiological state of the experimentsl animals such as molting,
starvation (Lockwood & Inman, 1971). In view of this, comparison
with other works on hsemolymph volume is of limited valus. TIf
only for interest, then Table 8.8 is given for the comparisan of
the haemolymph volume of a selected decanods.

Flemister, 1988, found inulin occupled only asbout two-thirds
af the distribution space of sodium thiocyanate in three species
of crabs, and believed that the difference in distribution may be
due to a Tunctionally closed circulation of inulin within a larger
extra-cellular compartments. The chromium method will give a low
value for the haemolymph volume, 1T 1t does not penetrate the
entire blood system, Since it is not certain exactly what snace
is being estimeted by Cr-51 EDTA distribution, the so-called
haemolymph wvolume is more accurately referred to as the EDTA  space,
This compartment was used for calculations of urine nroduction rate
in experiment 3.2, chapter A, and was determined in individusl

animals at the start of an experiment.



Table 8.5 Comparison of haemolymph volume in selected decanads

in regard to species and method of determination,

Species

Crangon crangon

Pachvgransus crassipes

Salinity Haemolymph

(% sw)

100

100

1ao

Cambarus virilis

Carcinus maenas

anpada
Goningais

8% @

GCecarcinus

G. lateralis

Palasmon serratus

2] &

L 124

moistenad

sand

100

100

70

85

volume

(% body wt)

27

2

2.

0

o

0

11

11

48

43

28

12

12

35

25

20

Method

Chloride
SnEce

slectrolite
space

G-14
Sucrose

Evans blus
Amaranth
G114
ITnulin

[31

[+3

Thioovanate
D=14 Tnulin

C=14
Sucrose

Sodium
diatrizoate

Cr-81 EDTA

4

Reference

Spaagaren
(1972)

3]

Gross &
Marshall(1960)

Prosser &
Weinstein{1950)

/
Siebhers & Lucuy
(1973)

1] L]

Binns( 19690 )

Riegel et al.
(1974

Flemister(1958)

% 41

i3 i

Skinner{1965)
Donoghue( 1971 )

prasent study

13

{33



IX. BLADDER VOLUME

Hiegel et al. (1974) have shown that the bladder volume also
has an influence on marker U/H retios of the shore crab, Carcinus
maenas. 1In an attempt to examine whether this parameter affects
U/H ratios of prawns, an experiment was performed to obtain the
bladder volume. GSeven prawns were injected with exectly 2 pl of
Cr-51 EDTA. The initial sctivity of the injected Cr-Bl EDTA
was recorded. After one hour to allow mixing haesmolymph samnles
were taken for haemolymph volume estimeted by simple oroportion,
At the end of the experiment the total activity of labelled chromium
in the whole animal, in the hasmolymph and in the urine were recorded,
From knowledge of the haemolymph volume, the U/H ratio of Cr-51 EDTA
and the total Cr-51 EDTA in the animal, the bladder volume can
be calculated from:

haemolymph count x haemalymph volum@)
unit volume unit volume

Total count animal - (

U/H for Cr-51 EDTA

The results are shown in Table 9.0. The volume of the bladder
varies tremendously from close to nil to 5.17% body weight., The
bladder volume obtained from this estimation is based on two assump-
tions. First that the volume of the haemolymph does not change
over the two days of the experiment. Second that the space ocounied
by extra~haemolymph EDTA is eguivalent to the volume of the
urinary bladder. If the EDTA enters the cells or is bound to
them the volume of the bladder calculated in this way will be
overestimated. The values for bladder volume shown in Table 9.0

are, therefore, the maximum volume. The average value for the
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bladder was 2.6 + 1.8% body weight or 13.0 + 10.6% haemolymph

volume which was the same megnitude with the values reported by

87

Riegel et al. (1974) on C. maenas, 11.0 + 8.0% haemolymph volume

and on M.

e

Table 9.0 Bladder volume of prawns kept in 100% 5W at ISGC.

No .

AN ¥ B &2 B S N % T O I

>

50

depurator, 12.1 + 5,0% haemolymph volume.

Size

(g)

1.3546
1.1708
1.0181
0.8134
1.2658
1.2142
.5208

Bladder volume

(4% body weight)

5,17
4.00
2.88
2.81
0.87
1.36
0.65

2,61
+ 1.83

(% haemolymph volume)

32.85
21 .69
9.56
10.75
4,68
7.85
3.41

12.97
4+ 10.58



Xe URINE PRODUCTION

In all concentrations of see water, the prawn oroduces urine
which is isotonic with the haemolymph (Parry, 1954). Hence, the
urine plays no part in conservetion of inorgenic ions in general .
If the antennal glands of the prawn are of little importance in
selt conservation, they must have some other fumction. In
crustaceans which produce a urine isotonic with the haemolymoh,
the antennal glands are generslly most active in the secretion of
magnesium and sulphate ions and in the reabsorption of potassium
ions., This selective excretion is augmented as the externsl
concentration of these ions rises (Parry, 1954). In an attempt
to elucidate FTurther the function of the antennal glands of the

prawn, the following experiments were performed.
1. WNode of discharge of urine.

1.1 Discharge of urine of prewns kept in 100% SwW.
To determine whether Cr-81 EDTA would appear in the
medium at a constant rate or whether the labelled chromium would
be relessed in irreguler surges, mine prawns were injected with
5 pl of Cr-51 EDTA. Gamples of medium wers teken at 2, 4, 6, 12,
24, and 36 hours after injection. The results are shown in Table 10.1.

The rate of increanze of the labelled chrominm in the bhath declines

4

exponentially, This dmplies that the Cr-51 LDTA appeared

~in the bath at a constant rate, Figure 10.1 also suggests that
the mode of urination of prawns in normal ses water follows a
regular and consistent pattern. Parry (1988) sugoested that

P. varians expells its urine by contraction of the epigastric sac,
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which formed the fusion of two backward projections of the bladder.

)

P. serratus oraobably expells its uring in 8 similer fashion to

.

P. varians. If this is the case, the freguency of contrection

of the epigastric sac of prawns kept in normal see water, must be
high and consistent to nake the disappearance of Cr-51 EDTA  from
the whole aminmals occur in a continuous rather tham an intermittent

pattern,.

le2 Discharge of urine of prawns kept in 50% SW,

When the animals are suddenly transferred to 509 SW, the
neriodicity of extrusion of Cr-51 EDTA becomes more pronouncad.
This dimnlies that the animals increase the rete of urine flow by
a periodic emptying of the bledder as shown by the discontinucus
increases in the efflux of labelled chromium (Figure 10.1)., This
pattern of irregular discharge of urine found in the prewn is

similar to that of Crangon crangon and 0. allmanni (Speargaren,

19717,
Za Fate of injected Cr-81 EDTA,

When using Cr-B81 EDTA  to estimate the urine production,
two assumptions are made 1n assessing the vaelidity of the method,
First it is assumed that the labelled chromium ie not escaping
from the animal through any route other than the antenrnal glends;
secondly, that the combination of EDTA with the chromium molecule
is not metabolized by the experimental enimal. Before attempting
guantitetive work it wes necessary to investigete whether Cr-51
EDTA dis an insrt molecule when injected into prawns. This was
done by measuring the appesrance of Cr-51 EDOTA in the external

redium,



Table 10.1 Appearance of radicactivity in the bath after injection

No.

of Cr-51 EDTA,

8 o~ 0O m B ow N o

Size

(g) 2
1,38 255
1.17 112
0.96 as
0.81 370
1.01 168
1.34 51
1.27 57
.92 151
1.21 185

Hours after injection

4

305
277
249
597
198

81

96
204
256

&

401
292
366
624
197
116
160
250
363

12

782
707
893
865
250
140
322
273
468

24 36
1258 1558
1476 1724
1453 1586

gaz 1221

335 394

236 256

428 4556

666 746

757 814

Values are expressed as counts/ml/100 sec.

Table 10.2 OChanges in activities of haemolymph and medium when

No .

m P Wy

Size

(g)

1.38
1.17
0.96
0.81
1.35

labelled chromium was injected into orawns.

Tatal sctivity in the
haemalymph
(counts/100 secs)

Initial

142,319
163,316
156,584
186,078

47,271

15,380
31,249
17,962
56,102
16,817

activity in
Atu36 hrs haemolymph

Decrease
in total

126,938
132,068
138,622
129,975

30,454

Increase
in total
activity
in medium

126,000
131,600
134,400
113,400

29,400

% loss
from total
initial
haemolymoh
.66
0.25
2.70
8,91
2.23

2.96
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Animals were injected with a known amount of Cr-51 EDTA
and placed in a large volume of medium to wash off any tracer
which might have leaked onto the surface. A 10 pl sample of
haemolymph was taken from each prewn one hour aefter the injection
and the chromium space determined by calculating the dilution of
the injected chromium. Prawns were then pleced individually in
70 ml of the 100% SW and samples of the medium were taken at 2,
4, 6, 12, 24, and 36 hours after injection of Cr-851 EDTA. The
experiment was allowed to run for about 36 hours. At the snd of
the experiment, the level of activity in the haemolymph was again
estimated and the final sample of medium was taken.

Comparisaon of the loss of labelled chromium from the haemolymph
with the increase in medium activity was made using five prawns,
Details of changes in haemolymoh and medium activity for all the
animals are shown in Table 10.2. The change in total haemolymph
activity over 36 hours was calculated knowing the EDTA wvolume,
the initial, and the Tinal haemolymph level of chromjum. The
change in activity of the medium over 36 hours was calculated.
The rate of increasse of activity in the medium, due to the elimi-
nation of urine and the change in haemolymph activity were then
compared.

The changes in the activity in the haemolymph of prewns and
surrounding medium are shown in Teble 10.2. The correspondence
between haemolymph and medium activity change is good, the loss
of activity from the haemolymph being balanced by én increase in
activity in the medium, In most cases, there was little difference

between the two walues. The discrepancy, the difference between
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the two figures expressed as a percentage of the larger ane, was
small, This means that nearly all of the labelled chromium is
cleared from the haemolymph due to the production of urine, and
only a small percentage has been lost, If the haemolymph volume
of the experimental animals is constant, the loss could be either
by binding of the Cr-81 EDTA within the tissues, or extra-renal
loss. On the basis of these results it is probably safe to sssume
that Cr-51 EDTA is a suitable molecule to use for the study

of the mechanism and the rate of urine production.
3. Urine production.

The rate of urine production of decapod crustaceans has been
measured by several methods. Herrmann (1931), Scholles (1933),
Peters (1935), Lienemann (1938), Maluf (1941b), Parry (1955),

Bryan (1960a), Riegel (1961), and Kememoto et al., (1966) estimated
the urine flow by determining the change in the weight of animals,
after the occlusion of the nephropores had prevented the elimination
of urine. The increase in weight over a period of time, presumably
due to the influx of water, was taken as eguivalent to the asmount
of urine normally produced by an individual in as much as no change
in weight is seen in animals when the nephropores are not plugged.

A second method in use is the estimating of excretion rate
of injected non-metabolized, and non-reabsorbed substances such as
inulin, chromium, and various dyes (Parry, 1955; Shaw, 1959b; Binns,
196%9b; and Lockwood & Inman, 1973). A third method employed is a
direct cannulation. The cannulation of the urinary bladder is of

preference for recording urine production rete in teleosts. Because



of the ventro-anterior position of the excretory openings of
decapod crustaceans, direct collection of urine is nearly impossible.
In macruric forms, cannulation hes been attempted with some success
(Kememoto and Ono, 1968}, but the caridic form of P. serratus and
many other decapods create additional problems, besides the obvious
mechanical difficulties, the small size and sensitivity to handling
of the experimental animals make this method imprectical.

It was demonstrated in the previous chapter that the prawns
regulate the sodium concentrations of the haemolymph, hyperionic
in dilute media and hypoionic in normal sea water. In dilute
media the osmotic entry of water is considerable and the removal
of excess water and uptake of sodium ion reguire ensrgy, espescislly
for those prawns that oroduce an isotonic urine. In sea water
the entry of water will be reflected by the volume of urine oroduced,
In other words, urine production has to be adjusted to osmotic
influx or outflux of water so that no dilution of body fluids is
caused by the net intake of water and no dehydration of body flulds
ocours due to net csmotic cubtflow of water. In order to investigate
this aspect of osmoregulation, the first two methods of estimation
of urine production were used to measure the urine output of the

prawn when stressed by different salinities and temperatures.

3.1 Weight-gained method,
Bryan (1960a) found that the values of urine production
by crayfish obtained by weighing the animels eight hours after
olugging the nephropores were higher than those obtained if he
weighed the animals 24 hours after plugging. This is not surprising

since the kidney of the crayfish is & filtration system composed
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of a number of connected anatomical parts without intervening
valves (Maluf, 1939, 194la), and any back pressure caused by an
excess of urine in the bladder would result in a back pressure
that could reduce the rate of filtration. Back pressure would be
expected to cause kidney failure and turgor pressure in the amimal
could therefore result in a decreasse in the osmotic flow of water
into the animals.

The antennal glaends of the prawn are similar to the kidney
of the crayfish, consisting of an internal end~sac and excretory
tubule which leads into a bladder (Weldon, 1891; Allen, 1892),
The back pressure that reduces the rate of filtration in the
crayfish, when the excretory openings were blocked for a certain
period, must also exist in the prawn. As shown in Taeble 12.1n12.3(914£
the increase in weight per hour of prawns in the first hour after
blocking the urinary openings was relatively greater than those
obtained at 3, 6, 12, and 24 hours, The fast increase in weight
during the first hour may reflect the effect of handling, whersas
the relatively small increase in weight during the latter period,
probably arises from the increasing turgor pressure of the animal,
which tends to prevent the entry of more water. In order to
decrease the possible interference of the handling effect, turgor
pressure, and defaecating capabilities of the animals, the volume
of urine produced was taken as the increasse in weight over the
first three hours and expressed as % body wt/hr.

Table 10,3 summarises the results of the measurements of
urine production, estimated by the weight-gained method, of prawns
in three salinities. In 50% SW prawns produced the urine at a

rate of 0.84% body wt/hr, whilst the rate in 70% SW is about



Table 10.3 Rete of urine flow in prawns measuring by weight

Treatment
(% sw)

100

70

Table 10.4

Treatment
(% ow)

100
70
50

10

changes after blecking the excretory pores.

% increase in body weight
(three hours after blocking)
Excretory Blocked
pores open excretory pores

Urine prgductian
% body wt/hnr 9% body wt/day

0.36 + 0.75 1,43 + 0.82 0.36 8.64
(15) (18)

0.49 + 0.72  1.14 + 1.11 0.22 5,26
(19) (19}

0.13 + 0,50 2.64 + 0.92 0.84 20.16
(17) (15)

U/H ratiocs for Cr-51 EDTA in prawns exposed to

different salinities.

Size range U/H ratio U/H ratio®
{(g) after correction of blood
protein
l;l‘? bl 6;80 2,57 j; 1-1[} 20:3‘{1-
(10)
3.18 -~ 6,59 2.47 + U.44 2.16
(6)
3.11 -~ 6.16 2.02 + 0.33 1.77
(6)
2,99 -~ 5,23 1.40 + 0.58 1.22
(5)

U/H values in this column will be used for a calculation

of urine production in Table 10.85

Blood protein of prawn is 12% (Parry, 1955)
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0.22% body wt/hr. In 100% SW prewns produce urine at a rate of
0.36% body wt/hr which is higher than those kept in 709 SW, but

considerably less than that of prawns kept in 500 SW.

3.2 CGlearance of Cr-51 EDTA from the haemolymph.

In order to provide relevant data for calculating the
urine production by the method of clearance of Cr-51 EDTA, the
U/H ratios of Cr-51 EDTA of prawns exposed to different salinities
were determined, The results are given in Table 10.4.

The urine production measured from the disappearance of
Cr-81 EDTA from the haemolymph of prawns exposed to different
salinities is shown in Table 10.5. It appears that the values
obtained from this method were slightly larger than those obtained
from the weight-gained method. The possible explanation is that
the second method of meesuring urine production reguired an
injection of a marker fluid. The injection of 5 pl of the marker
salution into the experimental orawns resulted in an immediate
increase of the haemolymph volume by one to two per cent. Since
the prawn regulates its internal concentration of body fluids
precisely, the rapid rate of urine production as seen in the second
method may perhaps be attributed to the process of elimination of
the excess fluid volume injected. This effect is seen to be mors
pronounced for prawns kept in 70% SW, since im this media, the
main outlet by which the excess water is excreted is the excretory
pores. However, the rate of urine Tlow of prawn kent in 70% SW
obtained from the welight-gained method might also be an under
estimate, since blocking the antennary onenings to prevent the

urination might create an adverse physiological reaction by



Table 10.5 Urine production calculated from disappesrance of

Cr-51 EDTA from the haemolymph.

Group Medium Weight range Clearance rate ' Urine production
(% sw) (g) (% body wt/day) % body wt/hr 9% body wt/day

A 160 0.67 ~ 1.65 24.71 4+ 3.84 .44 10.56
(18)

B 70 0.56 -~ 1.21 23.30 + 4.96 0,45 10.79
(11)

& 50 0.44 - 1.29 39.52 + 7.88 0.93 22.33
(15)

Analysis of t~test for clearance rate

Source of variation df t-value probability

A,B 27 0.8582 NG
8,0 24 5.5923 F< 0,001
A 31 7.0483 P< 0.00L

Table 10.6 Effect of a sudden change of salinities on the
rate of urine production in prawns measuring by
welght changes after blocking the excretory pores.
% increase in body weight

Treatment (three hours after blocking) Urine production

(% sw) Excretory Blocked % body wt/hr % body wt/day
pores open excretory pores

100 to 70 0.48 + 1.09 2,01 + 0.44 0.51 12.24
(17) (18)

100 to B0 0.92 + 0.86 5.79 + 1.84 1,62 35,88
(17]) (158)
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decreasing the transport rate of water across the gut or reducing
the drinking rate, thus in turn decreasing the amount of water
transported across the gut. To test the latter possibility, a
number of animals were acclimated to 70% SW, and the drinking

rates of prawns were measured after their antennary openings were
blocked for 6 hours. It appeared that the drinking rates of

prawns with blocked antennary pores were not significantly different
from the control (Tabla 10.7). This suggests that the preventing

of urination by blocking the excretory pores probably also creates
an atdverse physiological reaction which results in a slower rate

of water transport across the gut.

4, Effect of a sudden transfer from normal sea water to dilute

media on urine production.

The rates of urine production of prawns subjected to a
sudden decrease to low salinities, from 100% to 70% SW, and from
100% to 50% SW, were also measured. The results (Table 10.6)
indicate that the antennal glands play a significant part in water
regulation. Thelr importence is demonstrated by the spectacular
change in urine volume when the prawns are suddenly transferred
from 100% SW to a dilute medium. When prawns are suddenly trans-
ferred from 100% to 50% SW, their rates of urine production are
increased to a level twice that of those in a steady state in
50% 8W. This suggests that when the prawns are subjected to
sudden changes from normal see water to dilute sea water, the
animals are able to excrete the excess water out of the body as

rapidly as its enters until equilibrium has been reached,
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5. Effects of some metabolic inhibitors on weight changes,

It has been shown that the prawns drink sea water and can
alter the drinking rate according to the salinity. It is consi-
dered that the active uptake of water across the gut epithelium
might be mediated by some forms of ion transport, responsible for
the eventual net uptake of water, so any substance affecting the
rate of ion transport might also influence the weight changes of

prawns kept in sea water.,

5.1 Effects of an external addition of ouabain on welght
changes.,

This experiment was designed to determine whether an
addition of ouabain to normal sea water would cause a blocking of
sodium transport across the gut of prawns kept in that medium with
consequent loss of weight. The results are given in Table 10.8,
and Figure 10.2. When 18-5% suabain was added to the medium,

100% SW, the prawns showed a lesser increase in weight than the
control. The effect is not significantly different except for
those at 12 hours after transfer (Table 10.8)., This one would
expect, since cuabain is known to have an asymmetric action
functioning only on the side of the membrane from which K& is
actively transported (Kirschner, 1969; Maetz, 1971). The effect
of the drug on sodium tranégort, when it is added to the external
medium as in this case, must be less when compared with its effect
on the sodium-excreting pump on the outer border of the brenchiasl

epithelium as shown in experiment 4.3 of chapter XI.






Table 10.7 Effects of blocking the antennary openings on drinking

rates of prawns kept in 70% SW, at 15°C.

Treatment Weight range Drinking rate Analysis of t-test
(g) (% body wt/hr) df t-value probability
Control 0.21 -~ (.41 0.42 + 0.08
(12] 15 1.1275 NS
Experimental 0.25 - 0.61 0.42 + 0.15
prawns (5)

Y e
Table 10.8 Effect of 10 "M ouabain on weight increase of prawns

in 100% sw, at 18°G.

Hours Prawn Frawn Analysis of t-test
after in in df t-value probability
blockage 100% sw 100% SW + ouabain
1 1.01 + 0.63 0.74 + 0.44 39 1.4852 NS
(15) (26)
3 1.43 + 0.82 1.17 + 0.73 39 1.0720 NS
(13) (26)
6 2.10 + 1.23 1.30 + 1.27 39 1.9844 NS
(15) (26)
i2 2.52 + 1.34 1.30 + 1.44 38 2.3079 “P< 0.05
(10) (25)
24 2.97 + 0.83 2.02 + 1.8 28 1.2364 NS
(6) (24)
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5.2 Effects of external thiomine on welght changes.
Similarly to ocuabein, the basic dye thionine has been
shown to inhibit active uptake of sodium in crabs, both in the
whole animals and in the isolated gills (Koch, Evans, and Schicks,

19584; Koch and Evans, 1956), in BGammarus duebenmi (Lockwood and

Andrews, 1969}, and in P, serratus (Donoghue, 1971). The experiment
was performed in an effort to further substentiste: the cleim that
water transport across the gut epithelium is coupled with sodium,
The results are illustrated in Table 10.9, and inm Figurs 10.2,
It can be seen that thionine is & very effective inhibitor For
sodium transport, as well as inhibiting the water that is taken
into the body. The effect is prominent in the first hour after
transfer. The animals showed a graduasl decrease in weight in the
subsequent periods of the experiment. The decrease is statistically

significant (Table 10.9).

6. Effects of external addition of thionine in 100% SW on the

concentration of sodium in the haemolymph.

It has been shown in chapter VIII that the haemolymph volume
of prawns kept in 100% SW with an addition of 18"5M thionine is
increased by about 30.61% of the control, An increase in the
extracellular fluids might be due to

(1} the water influx being in excess of the water outflux,
(2) the passive withdrawal of water from the intracel-
lular compartment if the concentretion of sodium
in the haemolymph is incressed, and there is no

other physiologicel processes countering it, and
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(3) the sodium pump that is located in the bladder
epithelium might be stimulated by an increase
aof sodium concentration in the haemolymph so
that more water in the bladder is transported
back into the extracellular compartment,

The first possibility is unlikely, since the magritude of
water entry should be reflected by the volume of urine produced,
(see some relevant data in the experiment 8.1 of this chapter) and
a decrease in weight of prawns kept in 100% SW with an addition of
thionine, as shown in the experiment 5.2 of this chapter,&eeé not
support the possibility. Hence it lsaves the second and the third
suggestion for the possible causes,

An expariment was designed to determine the level of sodium
concentration of the haemolymph of prewns after subjection to
100% SW with an addition of 18"5thiwninaa The results are shown
in Table 10.10. The sodium concentration of the haemolymph of
prawn is raised from 365 + 7.1 (n=18) to 381 + 7.9 (n=8) mM/1, and
stabilized to this level throughout the experimental neriod, 24 hours,

The increase is statistically significant (t = 5.3012, P< 0,001).

7. Effects of external addition of thionine in 100% SW on the

total water content of the whole animal, at 1506.

Broups of 18 prawns were used in each treatment. Three
treatments were designed, one set of animals was acclimeted in
100% SW for a control, the other two sets were kept in 1009 SW with
addition = of 107°M and 10”°M thionine respectively. A%t@r 24 hours
in the acclimated media, the wet weight and the dry weight of prawns

were determined,
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Table 10,9 Effect of 10 "M thionine on weight incresse of prawns
in 100% sW at 15°C.
Hours Prawn Frawn Analysis of t-test

after in ‘ in df t-value probability
blockage 100% 5w 1009 SW + thionine .

1 1.01 + 0.63 0.78 + 0.68 28 00,9752 NG
(18) (15)

3 1.43 + 0.82 0.58 + 0.48 28  3.,1891 P< (0,01
(15) (18)

& 2.10 + 1.23 0.51 + 0.70 25  3,8840 P< 0.001
(15) (12}

12 2.52 + 1.34 0.66 + 0,98 20 3.,7487 pP< 0,005
(10) (12}

24 2.97 + 0.83 0.97 + 1,59 16 2.8740 P< 0.025
(6) (12)

Table 10,10 Effect of external addition of thionine in 1005 SW

on the concentration of sodium of the haemolymnh,

Sroun o na® Sroun Analysis of t-test
transfer (mm/1) df t-value probability
A 0 364.78 + 7.14

(18)

B 1 381,36 + 7.90 ALB 24 5,3012 P< {0,001
(8)

G 3 382.50 + 8.12 A,C 24 5.6300 P< 0,001
(8)

B & 379,38 + 5.78 ALD 24 4.8807 P< 0,001
(8)

E 12 380,00 + 7.07 ALE 24 55,0306 pP< 0.001
(8)

F P43 381.85(i)7.0& AGF 24 5,.,6876 P< 0.001
8
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The results are given in Table 10.11. Only ten prawns in
100% SW with an addition of 1&"3% thionine survived throughout
the experiment. The total water content of prawns treated with
107 thionine is not much different than those in 107 M thionine,
but it is significantly lower than that of the controls.

The results confirm the findings of experiment 5.2, since
the amount of water taken in via the gut epithelium of the
experimental prawns is less than that of the controls due &5 the
action of thionine. The increase in haemolymph volume of prawns
kept in 100% SW with an addition of thionine must be due to the
movement of water either from the intracellular compartment or
from the urinary bladder. To test the latter possibility,
thionine 16"5M was added to the external medium, 70% SW, and
U/H ratios for Cr-51 EDTA of the orawns weyre determined., This
salinity was selected, since it is isotonic to the haemolymph,

It is assumed that, if an increase of the sodium concentration of
the haemolymph activates the sodium pump along the bladder epithelia,
and results in a higher rate of water turnover from the urinary
bladder, the U/H ratio for Or-51 EDTA of the experimental prawns
should be higher than those of the controls.

The results are given in Table 10.12. There is no signifi-
cant difference betwéen the U/H ratios for Cr-51 EDTA of the

experimegntal animal and the control,

8, Effects of some metabolic inhibitors on the rete of urine

production of prawns kept in 100% SW.

In order to strengthen the view that the uptake of water

of prawns in normal sea water is mediated by some forms of ion
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transport, two series of experiments were carried out to test the

effect of some metabolic inhibitors on urine production of the prawn.

Table 10.11 Water content of prawns kept in 100% SW with an

addition of thionine,

Treatment Weight range Water content Analysis of t~-test
(g) (% body wt) df t-value probability

Thionine 0.35 - 0.60 74.80 + 0,90

10 o (10) 16 2.9151 P< 0.025
Control .24 - 0.61 76,09 + 1.21
(18) 34 2.9942  P< 0,010
Thionine  0.28 - 0.91  74.73 + 1.51
1075 (18)

Table 10.12 U/H raetiocs for Cr-51 EDTA of prawns kept in

70% SW with an addition of 107°M thionine.

Treatment Weight range U/H retic U/H ratio* Analysis of t-test

(g) df t-value praobability
Control 3.18 -~ 6,89 2.47 + 0.44 2.16
(6] 10 0.1314 NS
Experimental 3.14 - 4.26 2,43 + 0,75 2.13
pPrawns (6)

%
U/H ratio after corrected the blood protein
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Table 10.13 Effect of thionine on urine flow calculated From
the clearance of Cr-51 EDTA from the haemolymph

of prawns kept in 100% SW, at 15°C.

Treatment Welght renge Urine production Analysis of t-test
(g) (% body wt/day) df t-value probability
Control 0.67 - 1,71 10.56 + 1.64
(18) 26 4.4185 P< 0,001
ThiOﬁina 1:[}3 - 11&6 ?328 :t 2-27
10"y (10)

8,1 Effect of external addition of 16_5M thionine.

When 107°M thionine was applied to the external medium
the urine production of the prawns was markedly slower than that
of the controls. It was reduced from 10.56 + 1.64% body wt/day
to 7.28 + 2.27% body wt/day. The reduction is statistical signi-
ficant (t = 4.4185, P<0,001). This implies that the thionine
influences the rate at which water was taken up into the body and

also the rate at which it leaves vias the urine,

8.2 Effect of external addition of amiloride.

The diuretic compound amiloride (N-amidino=3, S-diamino-
6~chlaropyrazinecarbaxamide] has an inhibitory property on sodium
transport in & number of vertebrate epithelis incloding isolated
frog skin (Nagel and D;rga, 1970), and toad bladder (Bentley,
1968). Its effect is shown in very low concentrations (18”5M to
lQ"aM] when applied to the fresh water system (Kirschner et al.,

1973}. Hence, it seems that amiloride might be useful in trying

ta show the influx of water during sodium uptake of prawns in
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sea water. In addition it was thought that the amiloride might
be an additional tool, besides thionine and ouabain, to examine
the behaviour of animals in sea water system,

Two levels of concentration of amiloride, 1G”Sﬁ, and 1B”£M,
were used., The results are shown in Table 10.14. It appears that
the inhibition by amiloride observed in the present experiment is
not so effective as when applied to the fresh water animals by
Kirschner gt al. The reason for this difference is not clear,
especially since, when higher concentrations of amiloride are apnlied,

the effect is reversed,

Y. Effect of adding thionine to 50% SW on the rete of urine

production of prewns.,

In 50% SW where the body fluids of prawns are hypertonic and
of higher ionic concentration than the environment, the animals
need to combat an osmotic influx of water and outward diffusion
of salts. The former problem is counteracted by progucing a
large quantities of urine, and the latter oroblem by sctive uptake
of both sodium and chloride ions at the gills.

In an attempt to elucidate certain aspects of the regulatory
processes and to galn some understanding of the water movements
between the prawn and the hypoosmotic external environment, the
sxperiment was performed as before, but the 1Dm5% thionine was
added in 50% SW. The results of the experiment are shown in
Table 10.15. It appeared that the drug had no effect when it was
added to 50% SW. This suggested that in 50% 5W the major component
of water influx is passively through the hody surface. The water

that is taken into the body by coupling with sodium ion through



Table 10,14 Effect of amiloride on urine nroduction calculsted
from the clearance of Cr-81 EDTA from the

haemolymph of prawns kept in 100% SW at 18°C.

Group Treatment n Weight range Urine production
(g) (% body wt/day)
A Qaﬂtral 18 816? had 1u’?}, lngéB i 1»6@-
B 10"4M amiloride 10 0.98 - 1.44 Y.17 + 2,66
¢ 107% amiloride 5 1.16 - 1.33  15.45 + 1.88

Analysis of t-test

Source of variation df tevalue probability

A,B 26 1.6780 NG
B,0 13 4.,6341 F< 0,001
A 21 5,7307 P< 0.001

Table 10.15 Effect of thiomine on urine flow calculated from
the clearance of Cr-81 EOTA from the hasmolymnh
0
of prawns kept in 50% SW at 15 C.

Treatment Urine production Analysis of t~test
(% body wt/day) df t-value probability

Control 22.33 + 4,41
e (15) 25  1.3510 NS
1077W thionine 24,76 + 4,87
(12)
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the gut is small when compared with influx due to the osmotic
gradient through the gills. The inhibition of sodium uptake
mechanisms by the thionine seems to affect the overall regulatory
pracasaiaf the prawn. It seems likely that the animal solves the
problem of passive influx of water by increasing the rate of urine
production. Since prawns produce isotonic urine, the increase in
rate of urine production is a disadvantage to the prawns especially
when the uptake mechanism by which the prawn tekes up salts to
compensate the loss is inhibited by the thionine. The effect of
thionine in this connection can be seen from the large haemolymph
volume of those prawns which cannot survive through the experiment
(experiment 3, chapter VITI).

It is clear, therefore, that prime responsibility for regula-
tion of the volume and composition of the extra-cellular fluids
in the prawn in dilute media lies with the gills and the antennal
glands. The two mechanisms are probably controlled by endocrine
systems that permit very fine adjustments in body fluid composition,
The problem of maintaining the composition of the extre-cellular
fluids in the prawn is acute, since ions and water tend to move
passively along diffusion and osmotic gradients betwsen the externsl
and internal media. As seen in this experiment active transport
of ions scross the gills tekes place sharing the importance of
antennal glands in salts and water regulation (see more discussion

experiments 5, 6, and 7 of chapter XII).
10. Sealing the mouth.

In an attempt to provide more direct evidence of water untake

across the gut epithelium, efforts have been made to seal the mouth
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of prawns by using dental cement. It is assumed that 1f the ma jor
route of influx of water is blocked, the water uptake ascross the

gut would decrease and result in a low rate of urine production.
Unfortunately only one prawn out of six survived throughout the
experimental period, 24 hours. The urine flow of this orawn was
9.16% body wt/day whereas the control was 10,56 + 1.64 (n=18].

This experiment was not pursued further. Besides the technicel
difficulty, the limiting of supply of prewns, and the high mortality
of the experimental animals, the animal that survived throughout

the sxperiment also showed a diuresis which is probably due elther

to excessive handling or general damage.
11. Urine production of prawns kept in 109 8W.

The urine flow obtained from this study is determined
indirectly from measuring the efflux of Cr-51 EDTA from the
whole animals. The results are given in Table 10.16. It appeared
that in changing the medium from 50% to 10% SW, the flow of urine
of prawns 1is increased to nearly twice that of téase kept in 50% SW.
This pattern of urine production is similar to that of P. varians
(Parry, 1955}, but it contrasts with C. crangon which is sble to
restrict its rate of urine flow to a maximum rete (Spasargaren,
1971). The difference between P. serratus and C. crangon in terms
of the pattern of urine flow may be due to the fact that the
P. serratus possesses a more effective uptake mechamism than
C. grangon when the animals are exposed to a very dilute salinity.

The rate of urine flow obtained from this experiment cannot

be compared with those in experiment 3.2 of this chanter, since

the values obtained from the present study may be under-estimates,
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The disadvantage of this method is that the measurement of the

total efflux of Cr~-51 EDTA from the whole animal involves not

only counting the labelled chromium in the hasmolymph but also

the marker both in the intracellular compartments and in the bladder.
The latter compartment probebly causes a big error for urine flow
obtained from this method, especially as the prewn stores its urine
in the bladder and releases it intermittently rather‘than a
continuous discharge as shown in section 1 of this chapter.

The indirect method of measuring urine flow, although not so
reliable or accurate as the clearance of Cr-51 EDTA from the
haemolymph, is very valuable in situations where the measurement
of urine production by clearence of Cr-51 EDTA from the haemolymph

is impractical.
12. Effect of low temperature on urine production.

Two experiments were carried out to determine the effects of
temperature on urine production., The first was done in 1009 SW
at 157C as a control. The second experiment was undertaken in
100% SW at 5°C. Prawns used for both experiments were acclimated
to the given temperature during the two weeks prior to experiments,
Urine production obtained from this study is determined by clearance
of Cr-51 EDTA from the haemolymph.

The results are shown in Table 10.17. The urine production
of prawns kept in 100% SW at 5°C ranged from 2.4 - 7.4 7% body
wt/day. The mean value is 4.6 + 1.4 % body wt/day whereas the
control is 10.6. + 1.6 % body wt/day.

The temperature effect may be expressed in 0 value, The

10

formula used to calculate a QlO value for a perticular reaction



Table 10.16 Urine production calculated from the rate constant
for Cr-51 EDTA efflux from the whole animal kept

in 1094 SW, at 15°C.

Tragtmanﬁ Welght range Urine production Analysis of t-test
(% sw) (g) (% body wt/hr} df t-value probability
(8) 12 3.0943 P< 0,010
10 1.0 - 1,91 0.7854 + 0.2563
(6)

Table 10.17 Urine flow calculated fraom the clearance of
Cr-51 EDTA from the haemolymph of prawns kept

in 100% SW at two temperatures.,

Treatment Weight range Urine produection Analysis of t-test
(°c) (g) (% body wt/day) df t-velue probability
15 0.67 - 1.71 10.86 + 1,64
(1) 31 11.2385 P<<0,001
5 1.02 - 1.88 4.60 + 1.35
(15)
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can be written as:

10
198 fyp =TI 109y /iy
2 1
whers k is the rate at the higher temperature,

z
Tg, and kl is the rate at lower temperature, Tl"
The &lﬁ for a particular biologicel function is not constant but
varies depending on the temperature at which it is measured,

Qlﬂ values for urine production obtained here was about 2.4 which

is within the usual range for metabolic reactions.



XI. SODIUM EFFLUXES 1IN THE PRAWN, PALAEMON SERRATUS,

IN HRELATION TO TEMPERATURE AND SALINITY

The investigation of the exchange of the amount of sodium
between the prawns and its environment is fecilitated by using
sodium-22 as a tracer. In an attempt to gain an insight into the
mechanism stabilizing the internal concentration of sodium in the
prawn, sodium-22 was used to determine the sodium exchange and to
measure the response of the prawn to sudden change of temperature

and salinity.

1. Influence of internal sodium concentration in the haemolymph

on the sodium efflux in prawns.

As shown in chapter V, a decrease in temperature from 150 to
506 results in an incdrease of the mean haemolymph sodium From
365 + 7.1 (n=18) mM/1 to 391 + 18,9 (n=18) mM/1. In order to
examine whether the sodium concentration in haemolymph affects
the rate of loss of sodium, two experiments were set up for compa-

rison,

1.1 Loss of sodium-22 from prawns acclimeted to 15 washing
out into 100% SW at 15°C.

Prawns which had been scclimated to 1506 in 100% SW for
three days were blotted and weighed, A single nrawn was loaded
with sodium=-22 by placing it in 200 ml of sea water containing
50 microcuries (pCi) of sodium-22 with the appropriate aeration.
The prawn remained in this solution for 36 hours, which was

sufficient time for a steady state between the prawn and the medium
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to be achieved. The fully loaded prawn was subseguently removed
from the loading medium and briefly washed in sea water to remove
excess tracer adhering to the body surface and the gills. The
prawn was then placed in the animal counting chamber and washed
out in inactive 100% SW at 15°C.

The efflux experiment was performed in a special circulation
apparatus. This allowed continuous monitoring of the radicacti-
vity remaining in the animal with time, without the necessity for
removing the animal from the experimental medium. The apparatus
cansisted of a plexiglass aguarium of 13 litres capacity and
amimal counting chamber. The animal was placed in a pyrex glass
specimen tube of 12 mm diameter which fitted into the well of the
scintilation counter. The tube was sealed by a rubber bung through
which passed polythene inlet and outlet tubes. The inlet tube
carried the washing medium from the reservoir to the counting
chamber which contained the experimental prawn. The outlet tube
carried the medium back to a beaker on the bench at a rate of about
18 ml/min. A stream of air produced by a small aquarium pump was
used to drive the circulation.

The advantage of this apparatus was that the washing medium
could be changed easily and repidly without disturbing the experi-
mental prawn in the counting chamber. The temperature end salinity
of the circulatory medium could be varied as reguired, With the
animal in situ counts were made at zero time and at five-minute
intervals,

Two factors can influence the accuracy of the count, the

nunber of disintegrations observed and the geometry of counting.
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In efflux experiments, the number of counts recorded was sufficient
to keep the statistical error under +2 per cent. The second
potential source of error was due to the change in position of the
prawn within the animal chamber affecting the geometry. However
this source of error was minimized by developing the chamber so
that movement of the animal was restricted. In the experiment,
prawns size ranging from 1.8 to 3.7 g were used. The mean rate
constant for the efflux of sodium, and the half time values of
prawns acclimated to 5° and 1505 and washing out at 153G in 100% 5w

are presented in Table 11.1.

1.2 Loss of sodium-22 from prawns acclimated to 5% washing
out inta 100% SW at 157C.

Prawns were acclimated to 5°C in 100% SW for three gays
prior to loading in 100% SW conteining sodium-22 at SQG. The
experimental arrangement, the loading procedure, and the washing
out technigue used were the same as those in the experiment 1.1l.

The rate constant Tor the efflux, and the half time values
are given in Table 11.1. In comparison with the results in the
experiment 1.1, orawns acclimated to EGC tend to have a faster
rate of sodium efflux than those acclimated to 15°C. The differ-
ence is statistically significent (t = 2.8641, P<(0.01)., The
results suggest that the increase in internal sodium in haemolymnh
from 365 + 7.1 (n=18) to 391 + 1B.9 (n=18, section 1, chapter 5)
results in a rising total efflux rete from 0.4485 + 0.0866 to
0.8446 + 0.0871 hrml. Thiz means that when the eguilibrium of the
haemolymoh sodium is disturbed by a sudden transfer from 5% ta

18°¢ the prawn adjusts the rate of loss of sodium, both by extra-



Table 11.1 Rate constant and half time value for sodium efflux

of prawns acclimated to SQ, and 15m8, washing out

at 1570 in 100% Sw.

No. Prawn acclimated to 5°0
Wet weight K t%

() (he™)  (hr)

1 2.18 (0.6499 1.07

2 1.83 0.6254  1.10

3 2.15 0.6116  1.13

4 2.12 0.4673  1.48

5 2.07 0.6208 l.12

6 1.83 0.5041 1.37

7 2.05 0.5298 1.31

g8 245 0.3854  1.95

9 2.57 0.6398 1.08

10 3.29 0.5041 1.36
11 3.73 0.5199  1.33
12 3.39 0.8074  1.37
X 0.5446 1,31

8D + 0.0871 +0.25

Analysis of

Treatment

Amclim%ted
at 5°C

Acclim%taﬁ
at 1570

t-test

Welght range

(g)

1.83 - 3073

1.83 - 3.41

HRate constant of

Prawn acclimated to 15DG
Wet weight

(g)

2,19
2.085
1.98
3.41
2.60
2.36
1.98
2.93
1.83
220
2.10
1.91

efflux (hrml}

0.5446 + 0,0871
(12)
0.4456 + 0,0866
(12)
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et

df

22

K
(he™h)

0.585458
0.6942
0.5199
80,4189
0.5472
0.4159
0.4288
(0.3554
0.3616
0.3588
0.4424
0.3524

0.4455
0.0866 +

t-value

2,8641

€1
(hr)

1.28
1.17
1.33
1.67
1.27
1.6%
1.62
1.95
1.92
1.83
1.57
1.97

1.61
0.30

nrobability

P<0.01
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renal and renal routes, alsoc the rate of uptake across the gut
(section 2.6, chapter VII) as well as the rate of urinary water

losses via the excretory pores (section 11, chapter X).

2. Effect of a sudden change of temperature from 157 to 5% an

the rate of sodium efflux from prawns kept in 100% SW.

While considsring the guestion of lonic regulation of the
prawn, it is essentisl to know how factors other than salinity
might affect the process of ionic adjustment. Among these external
factors, the temperature is important. As shown in chapter V,
temperature has some influence on the sodium concentration in the
haemolymph of the prawn; thus one would expect tempersture changes
to affect the rate of movement of sodium ions between the prawn
and its medium,

This experiment was carried out with the object of clarifying
the nature of sodium efflux of prawns with special reference to
the effect of a sudden change of temperature. Prawns were accli-
mated in 100% SW at 15°C for three days prior to loading in 100% SW
containing sodium-22 at lﬁgﬂa The experimental arrangement, the
loading procedure, and the washing technique were the same as
those used in experiment 1.1 accept thet at the end of two hours
of washing cut at 1503 in 100% SW the medium was changed to 100% SW
at 5°C. The effect of temperature on efflux was assessed by
comparison of the efflux of sodium at ZSQ, and BQC on the same
arnimal .

The rate constants of sodium efflux at the two temperatures

are given in Table 11.2. Each pair of values of K represent the



Table 11.2 Relative efflux of sodium from prawns kept in

100% W at 15%and 8°C.

No. Wet weight Hate constant of Reletive efflux Half time efflux

(g) efflux (hr L) (% of 18°%C) 157 5%

157 5% (hr) (hr)

1 2,79 0.4159 0.2772 66 .65 1.67 2,50
2 2,59 0.3409 0.2445 71.75 2,03 2,83
3 2,06 0.2929 0.1386 47,34 2,37 5,00
4 2,37 0.3923 0.1907 48,61 1.77 3.63
5 2.14 0.3524 0.2683 76,13 1.97 2,58
6 2,66 0.4332 0.1934 44,64 1.60 3.58
7 2,56 0.3327 0.2536 76,22 2,08 2,73
X 0.3657 0.2237 61.63 1.93 326
sD + 0.0494 4+ 0.0500  + 14,23 + 0,28+ 0.89

Analysis of t-test

Treatment Weight renge Rate constant of df t-value probability

(g) efflux (hrml}
15°C 2.06 - 2.79 0.,3657 + 0.0494
N (7) 12 5.3787 P 0,001
5% 2,06 - 2.79  0.2237 + 0.0500
(7)
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rate constant from the same animal at two temperstures. When the
orawns were subjected to a sudden change of temperature from 15&
to BQC, the rate constant for efflux of sodium was reduced from
0,3657 + 0.0494 to 0.2237 + 0.0500 hrwl. The reduction on the
average was about 38.87 per cent of the value at 18°C. It has
heen shown in sxperiment 12, chapter X, that there is a significant
reduction of urine production from 10.6 + 1.6% to 4.6 + 1.4%
body wt/day when the animals were transferred from 15° to 503.
This suggests that, when a steady state of sodium in the prawns
is disturbed by a sudden change of temperature from 15° to EQC,
the rate of loss of ions from the gills as well as from the
excretory pores is reduced. If such thermal disharmonization

exceeds the ability of the animal to compensate for the effect it

will lead finally to a complete breakdown of the regulatory process.

3. Effect of the concentration of the external sodium on the

efflux of sodium from prawns keot at 1536.

The ability of certein species of prawn and shrimp to withstand
sudden changes of salinities is a matter of interest to shrimp
farmers and biologists alike. WMost marine prawns which are suitable
for culture are hypotonic to sea water and hypertonic to brackish
water. In their natural habitat, these prawns are subjected to
wide fluctuations in salinity, not only on a seasonal basis but
also diurnal variations. In the latter case the animals do not
have time to approach their acclimated state. Relatively large
changes in salinity elso tend to occur in shrimp farms in troplcal
countries in which the animals may be subjected to heavy rain

during the summer, so that the water of the pond is suddenly changed
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from high salinity to low salinity. 7To survive in such variable
environments, the animal must have mechanisms to respond to fluc—
tuations in the medium so as to meintain the haemolymph osmolarity
above or below thaet of the surrounding medium as appropriate.

The purpose of this investigation is to determine the role of

external salinity on the outflux of sodium from the prawn.

3.1 Efflux of sodium-22 from prawns after a rapid transfer
from 100% to 50% SW.

I adiustment to dilution of the medium is partly or
totally achieved by reducing the total efflux in dilute salines,
either by reducing the body surface permesbility to sodium or by
reducing the loss of sodium in the urine, this should be revealed
when the rete constants of sodium efflux from animals washing out
into 100% SW and 50% SW are compared.

The experimentsl arrangement and the loading techmigue used
were the ssme as those in the previous sxperiments. The rate of
sadium efflux from prawns in 50% SW was measured. The results
obtained were compared with the losses into 100% SW. The rate
constant of sodium efflux and the half time for sodium loss in
this experiment are given in Teble 11.3. Each pair of K values
represent the rate constant of efflux for the same animal in the
two media. The sodium aF?lux of prawns acclimated to 1596 and

1

washing out in 50% SW is about 0.1870 + 0.0141 hr — or 49,229 of

those kept in 100% S5W.

Je2 EFfflux of sodium-22 from prawns after a sudden transfer
from 100% to 70% SW.

Prawns which had been fully acclimated to 100% SW for



Table 11.3 HRelative efflux of sodium from prawns in 50% and 1009 SW

at 157G,

No. Wet weight HRate constant of Helative efflux Half time efflux

(g) efflux (hrﬁl} (% SW control)  100% SW 509 SW

100% SW  50% SW (hr) (hr)

1 2,10 0.4424 0.1769 39.98 1.57 3.92
2 1.82 0.3616 0.1856 51.32 1.92 3,73
3 2.20 0.3585 0.1777 49,56 1.93 3,90
4 1.91 0.3524 0.1856 52.66 1.97 3.73
5 2.89 0.3616 0.1777 49,14 1.92 3.90
6 3.15 0.4189 0.2189 52.63 1.67 3.17
X 0.3820 0,1870 45,22 1.83 3.72
S0 + 0.0874  + 0,0141 + 4,76 + 0.17 + 0,28

Analysis of t-test

Treatment Weight renge Rate constant of df t-value probability

(q) efflux (hr +)
1004 sw 0.3820 + 0.0374
1.82 - 3.18 (6) 10 13.8297 P< 0.001
5% W 0.1870 + 0.0141
(6)



three days, were transferred to a loading medium of 100% SW to
which sodium=-22 has been added to give the recuired specific
activity. The loading technigue and the washing out experiment
used were the same as those in the previous experiments excent
that after two hours washing out into 100% SW, the washing medium
was changed to 70% BW. The results of sodium efflux of the
experiment are given in Teble 11l.4. The rate of sodium efflux in
70% SW was 0.2383 + 0.0264 hrml or about 65.52 per cent of the

control efflux in 100% SW.

3.3 Efflux of sodium-22 from prawns after a rapid transfer

from 100% to 10% SW.

In preceding experiments the results suggested that the
sodium efflux is likely to be dependent on the sodium concentration
in the external medium., This experiment was designed for further
observation on the sodium efflux in & very dilute salinity, 10% SW.

Prawns used in the experiment were loaded in 100% SW containing
sodium-22 at 1506. The loading procedure and washing out technigues
are the same s those in experiment 3.1 except thet after two
hours washing out in 100% SW, the medium was changed +o 10% SW,
the rate constant of efflux, and the half time values in two media
are given in Table 11.5. The rate of efflux of sodium in 10% SW

is very slow. It is only 24.96 + 8.06% of the efflux in 100% 5W.



Teble 11.4 Relative efflux of sodium from prawns in 709 and

1009 sW at 18°C.

No. Wet weight PRate constant of Relative efflux Half time eFFlux

(g) efflux (hrT) % SW control)  100% SW  70F SW

100% Sw 70% SW (hr) (hr)

1 2.55 03640 0.2772 75,98 1.90 2.50
2 3.35 0.3713 0.2363 63.64 1.87 2.93
3 2.51 0.3409 0.2189 64.21 2,03 3.17
4 2.31 0.3616 0.2038 56,36 1.92 3.40
5 2.02 0.3781 0.2418 63.95 1.83 2.87
6 2.58 0.4621 0.2712 58,68 1.50 2,55
7 4,39 0.2888 0.2189 75,79 2.40 3.17
X 0.3666 0.2383 65.52 1.92 2.94
SD + 0.0509 + 0.0264 + 7.67 + 0.27  + 0.33

Analysis of t~test

Treatment Weight renge Rate constant of df t-value probability

(g} efflux [hrml}
100% SW 0.3666 + 0.0809
2.02 -~ 4,39 (7} 12 56,4150 P=< 0,001
70% SwW 0.2383 + 0.0264

(7)
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Table 11.5 Helative efflux of sodium from prawns washing out

in 100%, and 108 SW at 15°C.

No, Wet weight Rate constant of Relative efflux Half time efflux

(g) efflux (hr”l} (4% W control)  100% SWw 109 Sw

100% sw 108 5w (hr) {(hr)

1 2.06 0.3706 0.08885 23,68 1.87 7.83
2 3.12 0.3787 0.1093 28,86 1.83 6.33
3 2.51 0.3414 0.0660 19.33 2.03 10,50
4 2.74 0.3787 0.1123 33,72 1.83 6.17
5 2,34 0.3466 0.1093 31.53 2,00 6.33
6 2.06 0.5089 0.0630 12.45 1.37 11.00
X 0.3869 0.0914 24,96 1.82 8.03
50 -+ 0.0600 4+ 0.0223 + 8,06 + 0,24 + 2.20

Analysis of t-test

Treatment Weight renge Rate constant of df te-value probability

(g) efflux (hr )
100% SwW 0.3869 + 0.0600
Z2.06 - 3.12 (6) 10 12.1106 pP< (0.001
10% SW 0.0914 + 0.0223
(6)
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Knowing the Cr-51 EDTA cleerance rate (Table 10.5), U/H for
Cr-51 EDTA (Table 10.4), U/H ratio for sodium (Appendix 12}, and
the total sodium efflux (Appendix 13) the rate of urinary sodium
loss for P. serratus in different osmotic enviromments can be cal-
culated from the following ecuation:

Cr-51 EDTA x U/H for sodium x haemolymph Na® mM/1
U/H for Cr-51 EDTA x 100

vevs [LoOckwood &
Riegel, 1969)

The rates at which sodium is lost from the body in terms of mM Nat

lost/1l haemolymph/hr are listed in Table 11.6.

Table 11.6 The urinary loss of sodium of prawns acclimated in

three salinities.

Medium Total sodium loss Urinary sodium loss
% 8W  mM/1l haemolymph/hr mM/1 haemolymph/hr % total sodium loss

100 139 1.1 0.79
70 81 1.1 1.40
50 55 2a5 4,50

Urinary sodium loss in P. serratus in 100% SW is very small,
0.79% of the total sodium loss. In isosmotic medium the prawn loses
its sodium in urine about 1.4% of the total sodium loss (measured as
efflux]) which agrees with the rate of urinary loss in P. varians,
about 1.4% of its total sodium loss {Potts end Parry 1964h), but
it is less than those in C. maenas, about 3% of the total sodium
efflux (Shaw, 1961). In 50% SW the urinary loss of sodium From

the prawn is about 4,.5% of the total sodium loss,

4, Sodium-potassium pump,

It has been shown in section 3 that the sodium efflux of the
nrawn 1s reduced with decreasing selinity which seems to suggest

that the sodium extrusion is sensitive to envirommental potassium
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concentration, the external [Na+} competes with [K+] on the
potassium site. In an effort to extend the physiological study
of sodium extrusion mechanisms to P. serratus the following

experiments were performed.

4.1 Effect of external potassium ion on sodium efflux.

Prawns were acclimated to 15°C in 100% 8W for three days,
then loaded in medium containing sodium-22 as described in previous
experiments. ATter 36 hours in loading medium, the nrawn was
transferred to the animal chamber and washed with potassium free
sea water. The results are given in Appendix 7, and Figure 11.1
is a typical washing out experiment.

It can be seen that when the potassium influx was abolished
by removing all the potassium normally present in the medium the
saodium efflux from the nrawn was reduced. The reduction is about
27.33% of its normal value. The results support the idea of sodium
movement coupled with potassium moving in the opposite direction
(Stein, 1967). Thus for each sodium ion that is extruded to the
outer medium without an anion, potassium must enter to maintain
electro-neutrality. Thus under normal condition in sea water there
is an Na-K exchange. This conclusion recsive more supnort from
the results in experiments 4,2, and 4,3. The efflux of sodium
that occurred in the absence of potassium ion is attributed to the
sum of the system of exchange sodium for sodium exclusively and to

loss af sodium in the urine.

4.2 Efflux of sodium from prawns in 10 sM-K/1 saline.
From the results of experiment 4.1 it was shown that the

efflux of sodium from prawns showed a marked reduction if all of
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the potassium ion in the medium was removed. Another experiment
was, therefore, carried out to observe whether the efflux of sodium
would return to the normal rate if 10 mM/1 potassium was added to
the potassium free sea water.

Prawns were ascclimated and loaded in 100% W conteining sodium-22
at 1508. After two hours washing out in 100% SW the medium was
changed to 10 miM=-K/1 saline. The typical washing out experiment
is shown in Figure 11.2. The results in Appendix 8 show that when
10 mM/1 potassium is added to the K-free sea water medium the efflux
of sodium is increassed to 98.3% of the normal rate shown in sea
water control., This suggests that the addition of the externsl
potassium ion Tully restores the capacity of the animal to extrude
sodium.

The effect of K~free seline on sodium efflux is similar to

that observed in the fat sleeper, Dormitator maculatus, by Evans

et al. (1973). In this experiment, the results suggested that in
normal sea water sodium is extruded against its electro-chemical
gradient, Potassium may then flow in by a passive movement to
replace sodium. The experiment has shown that the efflux of sodium
from prawns was reduced about 27.33% when all of the external

potassium concentration was removed.

4.3 Effect of ousbain on sodium efflux of prawns kept in
normal sea water,
The cardiac glycosides, Strophathin-8 (cuebain), first
shown to inhibit ion transport by Schatzmann{1953) and later by
Kayner & Weatherell (1957), Glynn (1957), and Weatherall (1962},

is known to affect sodium transport by blocking trensport while



having no discernible effect on celluler ensergy metabolism. An
experiment was designed to study the effect of ouabain on the sodium
efflux in the prawn,

Prawns were acclimated to 100% SW at 1598 and loaded with
sodium=22 by the same procedure as those in experiment 4.1, After
two hours washing out in 100% SW, the medium was changed to sea
water containing lOmﬁm ouabain. The results of the experiment are
given in Appendix 9. A typical washing out experiment is shown
in Figure 11.3.

When leSM ousbain is added to the external medium, 100% SW,
there 1is a significant reduction of sodium efflux., The effect
takes some minutes for its full menifestation. By comparison with
the rate &anﬁfant of sodium efflux in 100% SW, the reduction amounts
to 19.43%,., This is a value closely comparesble to the reduction
gocuring in the absence of potessium from the external medium which
suggests that the Na : K extrusion system has been inhibited by
the ouabain. The present results are in agreement with that reported

by Evans et al. (1973) in the fat sleeper, Dormitator meculatus.

This evidence seems to support the concept suggested by Kirschner
(1969), and Maetz (1971), that the ouabain sensitive pump is located
on the external membrane with the K+ site facing ocutward. OCuabain
would operate through preventing nat o kT exchange, probably by
physically occupving a critical place on the membrane. This pump
seems to be responsible for a substantial fraction of the sodium
transport in the prewn as Moteis and Isais (1972} suggested in

euryhaline eel, Angilla angilla, and in the fat sleeper, D. maculatus

by Evans et al. (1973).
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4.4 Effect of cuasbain on sodium efflux from prawns in normal
sea water with addition of 30 mW=-K/1.

The experiment 4.3 has shown that when the 18"5M ouabain
was added to the sxternal medium the sodium efflux from the prawn
was reduced by about 19.43% of the control efflux. However, Glynn
(1957) working on the human red corpuscle found that the inhibition
by cardiac glycoside cen be reversed by increasing the externsl
notassium concentration. This bshaviour would be expected if
potassium and ouabaln competed Tor the same sites so that excess
potassium displaced ouabain and reversed the inhibition. To
examineg whether this is true in case of the preawn, the following
experiment was performed,.

A similar procedure was carried out as experiment 4.3. A
single fully load prawn was washed out in inective 100% SW for a
period of two hours, the medium was then changed to 100% SW with
addition of 30 mM-K/1, and 16“5M puabain. The washing procedure
continued for a further three hours. The results are presented
in Apoendix 10, and a typical washing out expesriment is shown in
Figure 11.4. The addition of 30 mM~K/1 to normal sea water with
1D”SM puabain stimulated the efflux sodium. The rate of efflux of
sodium is expressed as a percentage of the mean rete of the control
efflux. The reversible effect of ouabain in excess potassium
medium may be considered to support the concept of ouabain-K
competition. The evidence suggest that the site of action of the
drug appears to be the ion pump itself. This agrees with Glynn's
(1957) observation that digoxin inhibition of k¥ influx into red

cells was inversely proportional to the saline k¥ concentration.
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5., Discussion,.

The most ohvicus explanation for reduction in the sodium
efflux, when an external ion is removed, is that there is some
form of coupling between the outward movement of sodium ions and
the inward movement of the ion in guestion. The results of the
nreceding experiments are able to show a feature of sodium trans-
port, the coupled sodium and potassium exchange, This form of
sadium transport is illustreted by the results of the experiments
in 4.1, and 4.2 where it can be shown that the external potassium
is needed for trensport of sodium.

The second Teature of the sodium transoort in the prawn is
its asymmetry with respect to the actions of the sodium and
potassium ions. The best illustration of this asymmetry is shown
in the experiment 4.3 which showed that cwuabain inhibits sodium
efflux from the armimel when the drug is present in the external
medium. The site of action of the drug appesrs to be the ion pump
itself, since it has been shown in experiment 4,4 that the effect
may be reduced by increasing fThe potassium concentration in the
external medium.,

The evidence, therefore, suggests that when in 100% SW
P. serratus utilised in part a system of forced exchange of

potassium for sodium during the active extrusion of sodium.



XTI. NEUROENDOCRINE INVOLVEMENT IN SODIUM

AND WATER REGULATION

Crustacean endocrinology has its beginnings in the latter
half of the 1920%s. The sarly =Ffforts in this area were sssentially
directed toward identification of the source of the hormones and
their functions. OF major significance to investigation in this
field is the fact that many of the crustacean hormones arg neurosg-—
cretory products. They are produced by nerve cells and transported
along their axons for ultimete release into the haemolymoh instead
of being produced by non-neurcnal glandular structures (Fingerman,
19707,

| It has been demonstrated by many investigators that a number
of diverse processes in decapod crustaceans, moliing, ovarian
developing stage, and shell colour changes, are under hormonal
control (Brown and Jones, 1949; Carlisle, 1953a, 1953b; Demeusy,
1962; Echalier, 1955, 19563 Lenel and Veillet, 1951; and Passano,
1951, etc.). While much experimental work has been done by the
above authors on those fields, little attempt has been made to
investigate the hormonal control of ionic transport in the decaood
crustaceans,

The hormonal control of the water economy of crustaceans was
first indicated by bilateral eyestalk ablation experiments.
Abremowitz and Abremowitz (1940) observed that eyestalkless Uca
pugilator were larger after molting than normal controls. Using
precise technigues Scudesmore (19&2, 19@7)F0und that the removal

of eyestalks or sinus glands, in the crayfish, Cambarus immunis

resulted in increased weight and a greater water content. These
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changes were prevented by the implantation of the sinus gland in
eyestalk ablated animals., The evidence suggested the presence of
a neurcendocrine factor in the sinus glands which reguleted water
content of the animal during the molting phase. The neurcendocrine
involvement in water metsbolism was further suggested by Guyselman
(1983}, He reported a daily rhythmic fluctuation in the weights
of Uca, and assumed weight increases were directly due to water
uptake. After the removal of eyestalks, the fluctuations in weight
became arhymthmic. Conseguently, he postulated that the diurnal
rhythm of water uptake in Uca was under control of a hormone from
the X organ -~ sinus gland complex.

Koch (1952) has shown that the greater increase in volume
following molts in eyestalkless animals is not due to grester
formation of new tissue, but simply to greater water intske. Carlisle

(19586), working with the shore crab, Carcinus maenas, reported

results similar to those of Scudamore (1947) in that removal of
eyestalks resulted in greater increases in both weight and water
content. These changes were prevented by injection of an aqueous
extract of the sinus glands. The distinction between the molt
inhibiting hormone and the water balance hormone was later substan-
tiated by Passano & Jyssum (1963) in the same species of crab.

They transplanted activated Y organs from eyestalkless crabs into
Juvenile crab stages and obteined precocious molting in the recioients,
More recently, Rangaroca (1965) isolated and characterized the molt

inhibiting hormone of the crab Ocypode macrocers. He demonstreted

ite effectiveness in inhibiting molt in eyestalkless animals, but

found it to be without effect on premolt water uptake.
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Using the land creb, Gecarcinus lateralis, Bliss et al. (1966)

concluded that the central nervous system produced a diuretic
hormone, probably released by the sinus glands that, after molting,
causes an output of the previously retained water. These investi-
gators also postulated that an antidiuretic hormone is responsible
for the originel uptake and retention of the water.

The presence of a neurcendocrine factor in the haemolymph of
crustaceans is also supported by the work of Dandrifosse (1966).
He found that the water flux scross the integument of the crab

Mala souinado can be increased by the addition of haesmolymph from

an animal undergoing ecdysis. OSuch a hormone may arise from the
ventral ganglion since in in vitro preparations of the foregut of

land crab, Gecarcinus latsralis, the addition of ventral ganglionic

extracts to the haemolymph side results in an increased permesbility
of the foregut to water and salts (Mantel, 1967].

The results of other experiments suggest that the water
economy of the intermnlt animal is also under the control of e
hormone released from the eyestalk, For example, nephropore plugoed,

eyestalk ablated fresh water crayfish, Procamberus clarkil, showed

a significant increass in weight over controls when placed in tap
water (Kamemoto, et al., 1966). The same results have been obtained

for an intertidel crab, Metapogrepsus messor. That is, plugging

the nephropores of destalked animals causes them to gein welight
faster than normal controls when placed in 25% SW (Kato & Keamemoto,
1969). This conclusion was confirmed by Kamemoto and Ono (1968)
who showed that the urine flow increases from 3.6% body wt/day in

normal animals to 6.1% in eyestalkless individuals.
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Bilateral eyestalk ablation in Chinese wool-handed crab,

Eriochier sinensis, caused the urine flow to increase from 18.6%

to 47.1% of the body wt/day in fresh water and from 11% to 21% in
sea water (De Leersnyder, 1967).

Therefore, there is good support for the hypothesis that
there is a factor in the eyestalk that affects the urine flow in
decapod crustaceans. Kamemoto et al. (1966) believed that the
increase in urine flow is a secondary result of an incresse in
integumental water permeability. However, the only experimental
results directly supporting this hypothesis are those reported by
Thompson (1967 ) where, following eyestalk abletion, there was an
increase in the tritiated water influx in e fresh water crab,

FPseudothelphusa jouvi.

One criticism of the urine flow data is that the animals were
nat given sufficient time to recover from the operetion. The data
from Kamemoto and his assoclates were collected for the first 24
hours immediately following operation or ligation. De Leersnyder
(1967) let the animals recover for only 24 hours. Therefore, many
other operation-associated factors could have contributed to the
ohserved changes in urine flow. A further complication is that
the operation removes only the release site of hormones most of
which are produced in the central nervous system, Therefore,
continued production would be expected.

In interpreting some of this data Lockwood (1968) suggested
that the apparent action of eyestalk removal on the water balance
may be an artefact due to the precipitated molt and not any factor
actively mediating cuticular permesbility. For example, the

increase in urine flow may be due to increased drinking, which is
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e common method for water uptake prior to molting in many
crustaceans.

Changes in the haemolymph electrolyte and osmotic concentra-
tions following evestalk ablation have also been studied., In a .

grapsold crab, Metepograpsus messor, the operation results in a

decrease in the haemolymph osmotic concentretion when the amimels
are placed in & hypoosmotic medium, and an increase in haemolymph
concentration when they are placed in a hyperosmotic medium
(Kememoto et al., 1966}, In other words, the haemolymph concen-—
tration tends towards that of medium. In the fresh weter crayfish,
Frocambarus, the same operation results in a decrease in the
haemolymph chloride concentration of about 3% (Kamemmta et al.,
1966), and a drop in the haemclymph osmotic concentretion of about
3.9% (Peterson and Loizzi, 1970). Bryan (1960a) observed an 11%
drop in the haemolymph sodium concentration following eyestalk

ablation in the fresh water crayfish, Astacus fluviatilis. He

found no change, however, in the net upteke of sodium in evestalk
ablated animals over controls, and suggested that the evestalks do
not exert any direct influence over sodium balance. Ramamurthi and

Scheer (1967), on the other hand, have demonstrated the existence

of a substance in the cephalothorax of the shrimp, Pandalus jordani

which decreases the sodium efflux in a shore creb, Hemigransus nudus,

Recently, attempts have been made to isolate the osmotically
active substances. Kamemoto and Tullis (1972), using Seohadex
6-50 chromatography, have partially isolated the substance from
the brain of a fresh water crayfish, P. clarkii, that causes increases

in both chloride and sodium influx rates., This is suggested by
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increased haemolymph concentration for the former ion and incraaﬁad
radicactive count uptake for the second ion when the animals are
in 100 mM Nall baths.

In many tissues the enzymatic basis for the active transport
of the cations Na+, K* is a Na%, K+ activated, Mg++ dependent,
ouabain sensitive ATPase system. Such an enzyme system has been

found in the gills of the land creb, Cardisoma guanhumi (Quinn end

Lane, 1966), a grapsoid creb, Metapograpsus messor (Kato, 1968),

and & brine shrimp, Artemia salina (Augenfeld, 1968). In

Metapograpsus the enzyme activity incresses as the salinity of the

medium decreases. In theory this change in ATPase could be related
to the increasing Na+ gradient since the animal is very hyper-
osmotic in dilute water., In Artemia gills the enzyme activity is
the reverse, i.e., it is five times higher at 400% SW than at 50% SW.

In Metapograpsus bilateral evestalk ablaetion decreases the

enzyme activity and injections of brain homogenate restores it.
In the crayfish P. clarkii the enzyme is 3 to 4 times as active
in the tubule as in the labyrinth or the coelomosac. FEyestalk
removal decreases the activity while injections of eyestalk extracts
increase the activity and brain extracts decrease the activity
(Kememoto and Tullis, 1972).

The present investigation was conducted to determine the
possibility of the involvement of neurcendocrine systems on sodium

and water regulation.
1. Effect of eyestelk removal on weight changes of prawns,

To determine the effects of eyestalk removal on the weight

of prawns, the eyestalks of prawns from 100% SW were ligatured at
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their bases and the prawns were then weighed and renlaced in the
medium. GSubsequent weighings were taken periodically.

The results are presented in Figure 12.1. There is an increase
in weight of the prawns with ligatured eyestalks as well as in the
control during the first three hours, but the weight decreases to
normal over the six hour-period. The initial increase in weight
seems to be due either to water uptake which is subseguently
eliminated by the antennal glands, as suggested by the results
presented in Figure 12.2, or the animals stop relessing urine
during that period as a result of handling effects.

A greater increase in weight of animals with ligatured eyestalks,
and unblocked antennal pores when compared with the control as shown
in Figure 12.1 accords with the findings of Scudamore (1942, 1947)

in the crayfish, Cambarus immunis, which suggests that the removal

of eyestalk caused a greater influx of water. In theory, the
eyestalks could relesse an antidiuretic factor into the haemolymah
which, when removed from the circulation by eyestalk ablation,
results in an increase in the rate of water reabsorption nrobably

both across the gut and the urinary bladder.

2. Changes in weight of prawns in 100% $W after occlusion of

excratory pores.

Following occlusion of the excretory openings, both normal
and eyestalk ligatured prawns showed an increase in weight. The
serial incresse in weights of these animals, when kept in 100% 5
are illustrated in Figure 12.2. The experimental animals anpearad

to experience a Taster and greater weight increase than the normal
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contraol. After 12 hours the weight increase of the Tormer was
significantly higher then that of the latter (Table 12.1). The
increase in weight of P. serratus in sea water with their gyestallk
ligatured as shown in the present study suggests that it is not due
to a purely passive movement of water, but it is likely to involve
an active process of water transport scross the gut (Furthar di so1Em-

sion is given in section 7, chapter XIII),
3. Effect of transfer of prewns from normal sea water to 70% SW.,

Immediately following trensference from normal sea water to
70% SW, all animals, both prawns with ligeatured evestalks and the
narmal controls showsd an increase in weight., This is of interest,
since in 70% SW the osmotic difference between the internal and
external medium is nil, so in this case there is neither osmotic
inflow nor osmotic outflow of water,

It has been shown that e lowering of the haemolymph concen~
tration brings ebout an activation of the processes responsible
for upteke of ions at the body surface of fresh water and the
brackish water animals (Shaw, 1958, 1989a, 1960, 1961; Shaw &
Sutcliffe, 1961; and Lockwood, 1961}. The faster increase in
waiéht of prawns with ligatured eyestalks as seen in the present
experiment suggests that active intake of water is stimulated by
eyestalk removal rather than just an increase in permeability of
body surface to water. The possibility is that the sodium uptake
mechanism of prewns at the gills is controlled by an eyestalk factor
which, when it is removed from the circulation by eyestalk ablation,
the rate of sodium uptake increases, and in turn elevates the rate

of water intake.



Table 12.1 Weight increases of normal and expeirimental prawns kent

in 100% SW, expressed as the percentage of the inmitiel

body weight, after occlusion of excretory nores.

- o o §
Hours of Normal prawn Evestalk~-ligatured tevalue
blockage nrawn
1 0.96 + 0.60 1.21 + .50 1.3204
(18) (18)
3 1.41 + 0.75 1.80 + 0.72 1.,5857
(18) (18)
& 2,10 + 1.23 2.74 + 0,82 1.6062
(15) (14}
12 2.81 + 1.34 3.94 + 0,66 2,2137
(10) (5)
24 2.97 + 0.83 5.20 + 0.90 4,2467
(&) (5)

probability

pP< 0,08

P< 0.005

Table 12.2 Weight increases of normal and experimental prewns,

expressed as the percentage of the initiel body weight,

after occlusion of excretory pores, and transfer from

100% to 70% SW.

Hours of Normal orawn Eyvestalk-~ligatured tevalus
blockage nrawn

1 1.49 + 0.38 1.75 + 0.67 1.4080
(15) (15)

3 2.01 + 0.44 2,84 + 1.02 2.7970
(14) (18)

6 2.63 + 0.53 3.91 + 1.21 3,4692
(13) (12)

12 3.80 + 0.87 5.47 4+ 1,33 3.5344
(11) (12)

24 .51 + 1.29 7.95 + 2.09 3.2956
(11) (12)
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probebility

NE

P< .01

P<0.008

P< 0.008

P< 0.008
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4., Effect of transfer of prawns from normal sea water to 50% SW

It has been shown in experiment 6 of chapter X that in dilute
media the major route of the osmotic inflow of weter is across
the body surface, so if bilateral eyvestalk ablation results in
changes in water permeabillity of the body surface, differences in
weight will be expected between the control and the experimental
animals after sudden transfer from 1009 to 509 SW.

The results are shown in Table 12.3 and in Figure 12.4, When
the animals were subjected to a sudden change of salinity from
100% to B0 SW, the increase in welght, both of control and expe-
rimental animels, was net significently different. This evidence
suggests that ligaturing the eyestalks does not incresse the net
aosmotic flux of water, and hence that the surface permeasbility is

not substentiszlly incressed,

5. Urine production of syestalk-~ligatured prawns kept in 100% sw

at 15°¢C.

5.1 Welight-gained method.,
The results are given in Table 12.4. The prawns with
ligatured eyestalks showed a higher rate of incresse in weight

(15.35% body wt/day) than the control, 8.64% body wt/day.

5.2 Cleesrance of Cr-51 EDTA from the hasmolymoh,
The average urine flow of the normal prawns was about
10.86% body wt/day (SD + 1.64, n = 15) while the ligatured animals

produced urine at the rate of 9.87% body wt/day (5D + 2.59, n = 18).

hi

The difference wes not statistically significant (t = 0.9542,

Table 12.8).






Table 12.3

Hours of Normal prawn

blockage

12 1

24 1

Table 12.4

Treatment

Control

Evestalie
ligatured
Drawn

Welght increases of normal and eyestalk-ligatured prawns,
expressed as a percentage of the initial body weight,
after occlusion of excretory pores and transference

from 100% to 50% 5¢.

Eyestalk-ligatured Aralysis of t-test
prawn df  tevalue probability

3.09 + 1.02 2.68 + 0.66 28 1.2763 NG
(15) (15)

5.79 + 1.83 5.04 + 1.03 28  1.,2763 NG
(15} (15)

<37 + 2.89 8.42 + 1.67 28 0,1091 NG
(15) (158)

«56 4 1,69 12.29 + 2.80 20 0.7878 NS
(13) (9)

6.55 + 1.67 17.01 + 3.13 g 0.2929 NG
(5) (6)

Hate of urine flow of prawns with eyestalks ligatured,
measuring by weight changes after blocking the excretory
pores, and kept in 1009 SW at 15°C.

% increase in body weight
(three hours after blocking)

Excretory Blocked
Dares open excretory pores

Urine production
% body wt/hr % body wt/day

0.36 + 0.75 1.43 + 0.82 0.36 8.64
(15) (15)

0.01 + 0.79 1.94 + 0,70 0.64 15.35
(15) (13)
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The contrast between the rates of urine flow of prawns with
ligatured eyestalks obtained from the weight-geined method, and
the clearance of Cr-51 EDTA from the haemolymph as shown in
Teble 12,4 and 12.5 is of interesting. The faster increase in
welght of the animals with ligatured eyestalks when they are in
normal sea water as shown in experiment 5.1 is not due to an increase
in their integumental water permeability as Keamemoto et al. (1966)
interpreted in M. messor, but is rather due to & higher rate of

active uptake of water across the gut,
6. Total efflux of Cr-51 EDTA from the whole animal.

Experiment 4, using the weight change method, indicated
that there is no significant different between control and experi-
mental animal in respect of welght increase following transfer
from 100% to 50% SW. Further confirmation of this conclusion has
been obtained from the results of the present experiment by
comparison the total efflux of Cr-51 EDTA  from the whole animal
between prawns with ligatured eyestalks and the normal controls.

The method used in this study is similar to that in experiment
8, of chapter X. The results are shown in Teble 12.6. The =Ffflux
of Cr-51 EDTA from the experimental prawns was not significantly
different from that of the control. This result therefore also
suggests that the urine production rate of the experimental orawns

exposed to 50% 8W is similar to those observed in the control.

7. Haemolymph sodium concentration of prawns after exposure to a

sudden change of salinity from 100% to 509 SW.

The hazemolymph sodium concentration for animels subjected



Table 12.5 Effect of eyestalk ligature on urine production of
pravins kept in 100% SW at 15°C, measuring by clearance

of Cr-51 EDTA from the hasmaolymph.,

Treatment Weight Clearance rate Urine production Analysis of t-test
(o) (% body wt/dey) (% body wt/day) t-value probebility

Contral 0.67+1 .65 24.714+3.87 10.586+1.64

(15) (15} 0.9542 NG
Ligatured 1.08+1.76 29.07+7.70 Y.87+2.59
(18) (18)

U/H for Cr-51 EDTA of the control is 2,34

U/H for Cr-51 EDTA of prawns with ligatured eyestalks = 2,94

Table 12.6 Effeft of ligaturing the eyestalks of prawns on efflux

of Cr-81 EDTA from the whole animal in 850% 5w,

Treatment Rate constant efflux Analysis of t-test
(hrﬁl} df  t-value probability
Control 0.0439 + 0.0118
(8) 16 0,0000 NG
Ligatured 0.0398 + 0.0177
(8)
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to a sudden change from 100% to 50% 5S¢ are shown in Figure 12.5
and in Taeble 12.7. Both normal prawns and eyestalk-~ligatured
prawns showed an increase in haemolymph sodium concentration within
1-2 hours. The highest value of sodium concentration is about
375 4 5.5 mM/1 (n=10) for the control, and sbout 384 + 5.7 mM/1
(n=10) for the experimental animals. After the maximum haemolymnh
sodium concentration had been reached the sodium in the haemolymoh
decresased slowly towards the steady state values. As in normel
animals, a new steady state of the haemolymph of the ligatured
animals is achieved within 6 hours after transfer. However, the
animals with eyestalks ligatured meintained their sodium in the
haemolymph at higher concentrations than the control.
The results of the experiment suggest that
(i) either the anmimal with eyestalks ligatured is
passively resistant to selt loss because of its
morphological constitution and/or
(ii) the movement of salts and water down the concentration
gradient is counteracted by the opposing systems
which eliminate excess water and actively teke
up salts from the medium.
It was demonstrated in the previous experiments (Figure 12.4,
Tables 12.3 and 12.6} that the prawn, P. serratus, is not impervious
to water influx, Thus there must be physiologicel processes coun-—

teracting salt depletion, These were demanstrated as follows;

8. Effect of eyestalk removal on the sodium concentration of the
haemolymph of prawns in a dilute medium, under steady state

conditions,



Table 12.7 Changes in sodium concentration of haemolymph of prewns

after a sudden transfer from 100% to 50 Sw,

Sodium concentration in haemolymph

Hours after Control Ligatured

Analysis of t-test

transfer [mm/l) (mM/l) t-value probability
0 360 + 6.2 364 + 5.8 1.2999 NS
(10) (10)
1 375 + 5.5 384 + 5.7 3.8000 P 3,008
(10) (10)
3 349 4+ 4,1 354 + 9.1 1.7465 NE
(10) (10)
6 300 + 3.9 338 + 12.0 9,.6081 P<< (0,001
(10) (10)
12 301 + 12.2 349 + 12.8 8,0806 P< 0,001
(10) (10)
24 303 + 8.6 347 4+ 10.0 10.4401 P<(0.001
(10) (10)

Table 12.8 Sodium concentration of haemolymph of prawns after

acclimation to 100% and 50% SW for 96 hours,

Medium Control Ligatured Analysis of t-test
(% sw) (mm/1) {(mM/1) df  tevalue probability
100 365+ 7.1 363 + 6.2 31 0.8952 NG
(18) (158)
50 307 + 2.2 341 + 4.0 31 30.6573 P< .001
(18) (1s)






The changes in sodium concentration of the haemolymph were
determined from two batches of animals subjected for 96 hours to
50% and 100% SW respectively. The results are summarized in Table
12.8. The data show that in normal sea water the haemolymoh sodium
concentration of the experimental prawns is not significantly
different from that of the control. In B0% SW the haemolymph sodium
concentration of both control and experimental animals decreased,
but in this case the difference is statistically significant, the
eyestalkless animals having a substantially higher haemolymph sodium

concentration.

9. Effect of a sudden transfer of preawns from 100% to 50% Sw

with adgition of 107°M thionine.

The preceding experiment indicates that prawns with eyestalks
ligatured have a higher haemolymph sodium concentration than the
normal prawns when the animals are in dilute media. Apn exoeriment
was designed to test whether this difference is due to an active
or passive process,.

The procedure and wmethods used in this sxperiment are similar
to those in experiment 7 of this chapter excent that the 50% S¥
medium contelned 18”5M thionine., The results sre summarized in
Table 12.9. It appeared that the haemolymph sodium of bath controls
and experimental animals decreased at the same rate (Figure 12.6).
This suggests that the higher haemolymph Na+ level of the eyestalk-
ligatured armimales observed in section 8 is due to an sctive upteke

of sodium; an uptake which can, however, be inhibited by thionine.



Changes in sodium concentration of haemolymph of prawns

after a sudden transfer from 100% to 50% Sw contaeining

1Q"SM thionine,

Hours after

Sodium concentration in haemolymph

Analysis of t-test

N Control Ligatured _ .
transfer (mid/1) (mi/1) t-value probability
0 360 + 6.2 364 + 5.8 1.,2959 N
(10) (10)

1 341 + 15.2 349 + 13.6 1.2746 NG
(10) (10)

3 341 + 17.0 332 + 9.0 00,1647 NS
(10) (10)

6 328 + 12,0 321 + 12.2 1.2492 NS
(10) (9)

12 313 + 16.7 308 + 8.8 0,8387 NS
(10} (10)

24 300 + 7.2 301 + 9.3 0.0804 NS
(10) (10)

Table 12.10 Changes in sodium concentration of haemolymph of prawns

subjected to a sudden change of salinity from 509 to 1009 sw,

Sodium concentration in haemolymph

Hours after Control Ligatured

Analysis of t-test

transfear (mi1/1) (m%/l} t-value probability

0 307 + 2,2 341 + 4.0 30.6573 P< 0,001
(T8) (15)

1 329 + 15.8 358 + 14.3 3.2902 P< 0,005
(8) (6)

3 243 + 6.8 351 + 15.4 1.1122 NS
(8] (6)

6 361 + 7.4 374 + 17.7 1.7017 NS
(6) (6]

12 338 + 8.2 365 + 15.8 3.7804 P< (0,010
(8) (6)

24 350 + 15.6 370 4+ 10,3 22,3843 P< 0.080

156
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10. Effect of a sudden transference of orewns from B0% to 1008 8w,

As shown in the preceding experiments {exgeriments 7, and 9},
both the control and experimental prawns possess the necessary
sodium uptake mechanism to compensate for the renal and extra-renal
loss of sodium which occurs when they are kept in dilute media.

The results of those experiments suggested that the amimals with
ligatured eyestalks have a faster rate of sodium uptake per unit
time than the controls,

In this experiment another technigue was used to examine the
rate of uptake of sodium of the prawns. It was hoped that the
results obtained would provide some understanding of the mechanism,
and would allow for a comparison to be made between the normal
prawns, and the animais with ligatured eyestalks,

Prawns acclimeted to 50% SW at 157 verse suddenly transferred
to 100% SW at the same temperature. Haemolymph sodium concentrations
were determined at 0, 1, 3, 6, 12, and 24 hours. These measurements
are listed in Table 12,10. It appeared that & new steady state for
sodium concentration of the animals, both the controls, and experi-
mental animels, is reached within 6 hours. The rate of uptake of
sodium as observed in this experiment is probably the sum of sodium
that is taken in from both the gills and the gut. This makes the
results rather difficult to interpret.

Another factor, that makes the results difficult for comparison,
is the difference in sodium concentration in the hasmolymph between
the control and the experimentel animals at the zero hour., Since
the animals with ligatured eyestalks tend to meintain their

haemolymph higher than that of the controls when they are kent in
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a dilute medium, this inevitably results in a higher sodium concen-—
tration in the haemolymph of the experimental animals, 341 + 4.0 mi /1
(n=15) whereass the sodium concentration in the hasmolymoh of the

controls is 307 + 2.2 mi/1 (n=18),
11. Effect of bilateral eyestalk ablation on drinking rate.

It was suggested by Lockwood (1968, P.Qﬁ) that the apnarent
action of eyestalk removal on the water balance could be an artefact
due to the precipitated molt and not any factor actively mediating
cuticular permeability. If this was the case the increase in urine
flow could be due to an increase in drinking activity. An experi-
ment was therefore designed to investigete this paramster.

The results are shown in Table 12.11. Eyestalk-ligatured
prawns had a drinking rate of 0.45 + 0.18% body wt/hr compared with
0.69 + 0.13% body wt/hr for the normel prewns. The low drinking
rate of water of the prawns with ligatured eyestalks might in some
way be connected with an inactive state which is always seen in
the animals with ligatured eyestalks. This might lead to the decresse
in the ventilatory movement of the gills as well as the water flow
around the animal itself and conseguently decreased water flow
through the mouth and anus. In any event it is clear that increased
drinking does not occur in the eyestalk-ligatured animels,

Another possible explanation is that the effect might be =&
physiological response of the animal itself to reduce the amount
of sodium that is transported in across the gut, since an eyestalk
factor probably controls sodium pump mechanisms on the gut epethelium
which, when it is removed, allows the rate of transport to be

increased. Increased ion transport is accompanied by increased
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water transport. A larger haemolymph volume of prawns with ligatured
eyestalks as observed in experiment 12 of this chapter also is
indirect svidence indicating that the water is transported in the
animals with ligatured eyestalks at a faster rate than in the normal
controls. A decrease in drinking rate probably is a secondary

response to the water-load in the animal.

Table 12.11 Effect of bilateral eyestalk ablation on drinking

rate of prawns kept in 100% SW at 15°GC.

Treatment Weight renge Drinking rate Analysis of t-test
(g] (% body wt/hr) df tevalue probability
Control 0,13 - 0.29 0.69 + 0.13
(12) Z2  3.8466 P< (0,001
Ligaturegj 0-2‘1 bl 0178 6145 i 6.15
(12)

Table 12.12 Effect of eyestalk ligature on haemolymph volume of

prawns kept in 100% SW at 15°0.

Treatment Welght range Haemolymph volume Analysis of t-test
(g) (% body wt) df t-value probability
Control 0.62 - 2.45 19.44 + 2,28
. (25) 63 10.5792 P< 0,001
Ligatured 0.86 -~ 2,47 25.94 + 2,67

(30)
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12. Effect of eyestalk ligature on the haemolymph volume.

Table 12.12 summarizes the data on haemolymph volumes of OYawns
with ligatured eyestalks, and of control animals. In normal prawns
the haemolymph volume is about 19.44 + 2,28 (n=35)% body wt whereas
for prawns with ligatured eyestalks it is about 25,94 + 2,67 (n=30)
% body wt. Factors which could be involved included the increased
water uptake in the body by ligatured animals {section 9), and also
the possibility that there is a higher rate of water reabsorption

from the bladder of prawns with ligatured eyestalks (section lﬂ}.
13. Effect of eyestalk ablation on the sodium efflux of prawns.

Ghanges in the haemolymph electrolyte and osmotic concentra—
tions following eyestalk ablation have been studied in various
crustaceans by several investigators (Kememoto et al., 1966;
Bryan, 1960a; and Peterson & Loizzi, 1970). In P. serratus the
operation results in an increase in the sodium concentration of
haemolymph when it is placed in a dilute medium, but the animal
shows no significant difference in sodium concentration when it is
placed in 100% SW (see experiment 8, this chapter). These results
suggested that the investigation of the effect of eyestalk ligature
on sodium efflux in animal acclimated to 50% and 1008 SW or on
transfer from 100% to B0% 5w might shed light on the question of
whether the gills and the antennal glands are acting passively
in haemolymph concentration changes or whether both are responding
directly to hormonal control.

The results of such experiments are presented in Table 12.13,

The data show that in 100% SW the sodium efflux of prawns with
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ligatured eyestalks ars not significently different from those in
normal prawns. In contrast to the efflux in 100% 8W, the sodium
efflux in 50% BW is slower in the experimental prawns as compared

to that in the control, and the difference is significant (t = 2,9000,
P<0.025).

A slower efflux of sodium-22 as observed in the expsrimental
prawns, when compared with the control, in this case orobebly is
mainly due to & secandary effect of a higher rate of sodium uptake
across the gills in the experimental prawns which results in nmore
dilution of sodium-22 in the haeemolymph so that in turn a smaller
amount of sodium-22 diffuses out from the body.

With respect to the animals in normal sea water, a comparison
of rate of urine production, haemolymph sodium concentration,
drinking rate, haemolymoh volume, and sodium efflux of intact and
eyestalkless animals provides evidence that extirpation may stimulate
renal reebsorption (see also further studies in experiment 14 of

this chapter).

14, Neurocendorine involvement in water reabsorption in the bladder

of prawns.,

In order to follow the changes in haemolymph and urine levels
of EDTA, equal amounts of Cr-51 EDTA were injected into normsl
prawns and animals with ligetured evestalks, mF‘ampraximataly the
same size. The relative concentraetion of the tracer in the
hasmolymph and the urine were determined at intervals. The results
of analysis of hasmolymoh and urine after the injection of tracer
are shown in Table 12.14 and expressed in the Form of & graph in

Figure 12.7 and 12,8,



Table 12.13 Effect of ligaturing the eyestalks of prawns on

Treatment

1009 5w

Control

Ligatured

50% SW

Control

Ligatured

sodium efflux in 50% SW, at 15°C.

Wet weight Hate constant of

(g) efflux (hr +)

1.82 - 3.15  0.3820 + 0.0370
(6)

2.20 ~ 2,56  0.3809 + 0.0608
(5)

1.82 - 3.15  0.1870 + 0.0141
(6)

2.20 - 2,58 0,1580 + 0,0244

(5)

df

g

g

Analysis o

t-value

0,0320

2.5000

T t-test
nrobability

NE

P< (.025

Table 12.14 EDTA U/H ratio at time intervals after injection

Time after

of Cr-B1 EDTA

injection

control

3 0.79 + 0.23
(8)

5 1.63 + 0.54
(6)

12 2.31 + 0.35
(6)

24 2.67 + 1,10
(10)

26 3.11 + 0.63
(6)

48 3,18 + 0.80

()
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U/H ratios of Cr-851 EDTA
experimental prawn
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into prawns kept in 100% Sw at 15°C,
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The haemolymph chromium concentration level fell as the marker
passed into the antennal glands and at the same time the concentra-—
tion of chromium in the bladder began to increase due to the
continuous production of urine. As in the normal prawns, the
U/H ratio of the eyestalks ligatured prawns approached eguilibrium
at 12 hours after injected Cr-51 EDTA. After 24 hours the U/H
ratios of the normal prawns is about 2.67 + 1.10 (n=10) whereas
that of the experimental prawns is about 3.36 + 0.96 (n=12), Table
12.14. This implies that a proportion of weter in the primary
urine is reabsorbed before release of the definitive urine from
the bladder (further discussion in chapter XIII, section 4).

The U/H ratio for Cr-51 EDTA obtained fram this experiment
is of the same magnitude as that reported by Franklin, 1975 (2.95)
but it is slightly higher than the U/H ratio for inulin that Bryan
and Ward (1962) showed in the same species. This would be expected,
since a marker with a smaller molecular weight like Cr-51 EDTA,

a molecular weight about 500, tends to have 8 higher U/H retio
than inulin where the molecular weight is about 5,000 because of
molecular sieving effects.

In order to test whether the high U/H ratio of Cr-51 EDTA
as observed in the present experiment results from a lack of
eguilibrium between the haemolymoh and urine in the bladder with
respect to Cr-51 EDTA concentration or to a water reebsorption,
the theoretical model of Riegel gt al. (1974) also applied in a
similar manner. In an ideal excretory system, primary urine is
produced at a rate R from a space (haemolymph) of constant volume

V1 and passes into a bladder of constant volume V?- If an inert,
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filterable substance (marker) is introduced inta V) at time t = O
then its concentration in the haemolymph Bl will decline 8t a reate
governed by the clearance of the primary urine and loss through

other routes, R, This proposition may be expressed mathematically

as follows:

"g;%‘ (lel} = "‘(R ”}”DLF%}C:L, ¢ R QB REEHEBARSERD (12.1}

whers RGl is the extra-renal loss. The rate of change of the
concentration of the marker in the urinary bladder will be described

as follows:

4.
dt

- - 3y
({;2\12) = R(Sl 82}, cresanssssasasse (12.2)
where 52 is the concentration of the marker in the bladder.
Combining equations (12.1) and (12.2) and solving (see Riegel et al.,

197&} provides a description of the effect on the ratic of the

concentration of marker in the heemolymph and bladder (B?/Cl} at

t =1
C Vv
£ . L [1-exp~(1~~—»§1+oc)ﬁ§]... (12.3)
Cy Vo Vi Vo
' 1= (1 +0et)
1

Equation {12.3) will apply provided 1 - v,,/vl (1 +oc ) >0, (It

is highly unlike that this condition will fail to be true].

c

As 'Eey'é”’%'%
1

1
$
1 - \;*2/\11 (1 +oc )

Therefore, utilizing estimated volumes of the haemolymph and
urinary bladder, and the rates of renal clearance and limits of

extra-renal loss of marker, it is possible, using ecuation {12.3),



to calculate theoretical limits to the marker U/H (i.e. 5:2/@1)
which can coccur in the absence of water reasbsorption.

Figure 12.9 compares the observed U/H with values calculated
from equation (12.3), assuming no water upteke but different sizes
of urinary bladder volume and extra-renal loss of marker. In
both examples, shown in Figure 12.9, the clearasnce of marker from
the haemolymph is taken as the same, 117.71% of the haemolymph
per day. In prawn (a) if it assumed that the extra-renal loss of
marker is nil, and the bladder volume is 17% of the haemolymph
valume, the marker U/H of the prawn will gradually rise to a
maximum value, 1.2, before 12 hours. In prawn (b) assuming that
its bladder volume is smell (2% of the haemolymph volume), but
loss of marker to the tissues is large (1.24 times renal clearance).
In the later case, the marker U/H reaches a maximum value very
rapidly, but the maximum U/H ratic is only slightly in excess of
one. In the present studies, the prawn has the bladder volume
about 12.57% of the haemolymph volume, the extra-penal loss ia about
0,02 times of the renal clearance which is intermediate between
(a) and (b), but its U/H ratio for Cr-51 EDTA is 2.67 after
24 hours. This suggests thet the high value of U/H is not due to
the purely mechanical factors,

Families of curves may be constructed using egquation (12.3)
and a variety of values of renal clearance, bladder volume, and
loss of marker by extra-renal routes (Figures 12.10, 12.11 and
12.12). As shown in Figures 12.10 and 12.11, the larger size of
the bladder, the greater will be the steady state of U/M. Further-

more, for any given bladder size the magnitude of U/H will be









increased further by any loss of marker from the hasmolymph vie
extra~renal routes. As shown in Figure 12.12 increased renal
clearance rates shorten the time taken for the U/H to resch a
maximum but they do not alter the final valus,

As shown sbove, mathematically, pursly mechanlcal factors
can give rise to differences in concentration of marker in heemolymph
and bladder. It is clearly shown that U/H ratios, as observed in
the present studies, are in excess of those predicted from purely
physical effects. The resbsorption of water from the primary urine
must be the prime cause of U/H values in excess of those oredicted
by lag effects.

With respect to effect of eyestelk ligeture on water resbsorp-
tion, the results obtained in this experiment also suggests the
possibility that the animals with ligatured evestalks have the
ability to reabsorb the water in primary urine faster than the
normal prawns. However, before a conclusion cen be drawn, further
studies to delineate the action of neurcendocrine on the rate of

water resbsorption in the bladder of the prawns are needed.









XITIT. GENERAL DISCUSEION

A comprehensive picture of osmoregulation in the common orawn,

Palaemon serratus (Pennant] can be drawn from the findings of the

present investigation. The results of individual experiments have
been briefly discussed in the sppropriete chanter. These will be
reviewed and brought together to give an overall picture of the
mechanisms emploved by orawns in the reguletion of salts and water
undeyr Fluctuating envirommental conditions.

The family Palaemonidee has a cosmopolitan distribution, its
habitats ranging from fresh water to marine (Holthuis, 1950).
According to the response of their haemolymoh to changes in the
external medium, the palaemonid prawns can be divided into two
groups. First, species which regulate thelr blood concentration
hyper-gsmotically in all salinity. This group includes the majority

of fresh water prawns. Among them are Palsemonetes naludosus

(Dobkin and WManning, 1964) end Macrobrachium austreliense (Denne,

1968]. Second, those species which are capeble of hyper-osmotic
regulation in dilute medie and hypo-osmotic regulation in concen-
trated media. This group is made up of mostly marine and braeckish

water species, including Palsemon macrodactylus (Barn, 1968},

Palaemonetes varians (Panikkar, 1941 ), P intermedius (Dobkin and

Wenning, 1964}, and lMecrobrachium equidens (Denne, 1968) .

P. serratus is in the second group, and is able to maintein the
sodium in its haemolymph hypotonically in normal and concentrated

sea water and hypertonically in media of salinity below 70% SW.

172
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The haemolymph sodium concentrations reported here for

F. serratus are substantially lower than those reported for Lrangon

.

vulgaris (Hagerman, 1971 Grimm, 196§}, but are higher than those

of Palaemonetes variaens (Potts and Parry, 1964b ) for media within

the range used in the present study. Although the concentration
of sodium in the haemolymph of P, serratus is somewhat different
from that of other species, the ionic behaviour of P. serratus
in general resembles that of other species of prewn and shyimp

for instance, P. varians (Panikkar, 1941}, Fanasus setiferus and

P. aztecus (McFarland and Lee, 1963), and Crangon vulgaris

(Hagerman, 1971).

The osmotic and fonic properties of the hasmolymph of
P. serratus have been studied in detail by Panikkar (1941), FParry
(1984}, and Spaargaren (1971). The first author was principally
interested in the influence of salinity on the osmotic behaviour
of the haemolymph, while Parry (1984) elucidated the osmoregulatory
mechanism of the prawn by analysing the inorganic composition of
blood and urine, and Spaargaren (1971} used freezing point depres-
sions and conductivity measurements on the concentration of
substances in the blood with & view +o abserving the influence of
temperature and salinity on the osmoregulation of the Drawn ,

The results of the present work agree with those of Panikker
(1941), Parry (1954), and Spaargaren (1971) with regard to the
behaviour of sodium in the haemolymoh. Since sodium is the maior
cation one would expect it to follow rather closely any change in
the haemolymph osmotic concentration. 0On quantitative assessment,

sodium concentration in the haemalymph of the prawn is 965 ﬁ?.TTﬂbﬂ/l



174

. =20 .
at 187°C and 392 + 19 mi/1 at 5°C (Teble 5.2), not substantially

different from the velues of Parry (1954}, 394 + 12 m.equiv./l.

For chloride ion in the haemolymph of prawns kept in normal
sea water, the values, 366 + 8 mi/1 at 157 and 410 + 8 mii/1 at 5%
(Table 5.1), obtained from the present investigation are lower
than those reported by Parry (1954}, 430 + 4 m.equiv./l. The
gifferences in this case is probably due to the differsnce of
technigues and method of determination of chloride. \

In its ability to regulate its haemolymph concentration in

both concentrated and dilute sea water, P. serratus resembles

some other breckish water invertebrates for instance Pachygrepsus

crassipes (Gross, 1957), Gnorimosphaeroma oregonensis and

Sphaerome pentodon (Riegel, 1559}, and Artemia salina (Croghan,

1968a), The maintenance of a relatively constant blood concen-
tration must be considered one adeptive mechaenism to 1ife in a
chenging environment. This homoismotic regulation protects the

cells from nsmotic and ionic injuries,
1. Possible mechanisms of hyper-osmotic regulation.

Hyper-osmotic regulation is well known to ocour widely in
decapods occupying brackish water {Lockwood, 1962, Potts and Parry,
19643); Armimal placed in & dilute medium will gain water and lose
galts,. The mechanisms developed to counter such effects may
include

(1) the production of urine hypo-osmotic to the
haemalymph,
(2) a reduction of permeability of the body surface

to selts and/or water,
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(3) the active uptaeke of salts by the gills from
the external environment into body fluids
to compensate for the renal and extre-~renal
laoss of sodium.
Not all these mechanisms are, however, necessarily develoned in
an individual snpecies.
On the basis of the present work it is possible to assess
the relative importance in the prawn of the various asmoregulatory
control systems proposed by earlier workers for other organisms
which are regulating hypertonically. The first of these
mechanisms, production of urine hypo-osmotic to the haemolymph
does not occur in the prawn, since it has been established that
in all concentretions of sea water, prawns produce urine isotonic
to the haemolymph (Parry, 1954). If the antennal glands of P.
serratus are of little importesnce in salt conservation, they must
have some other functions. The experimental evidence has shown
that in the prawn, as in other estuarine species, the antennal
glands prove to be of prime importance in removal of excess watber,
Thelr importance is demonstrated by & spectacular change in volume
of urine production when the prawns are suddenly trensferred to
dilute media. When the antennary pores are sezsled with a cental
cement, an obvious swelling occurs within six hours of the transfer
at the junction of the abdomen and the thorax. Such arimals
rarely survive more than 36 hours.
Under a steady state, the prawn is also able to increase its
urine flow with decreasing salinity, even in a very dilute medium,

10%;3@, which is probably a lower limit of its tolerance
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(experiment 11, chapter 10). Whether this is due to an active
removel of water by the antennal glands or the result of pursly
physical forces is not known.

Low permeability of the body surface to salts and /or water
is alsc an aid in Tthe osmoregulatory process. On the basis of urine
production, the orewn has & higher body surface permeability than
that of C. maenas, and much higher than those of A. fluviatilis
(Table 13.0). The ability to vary the permeability of the body
surface has not been investigated in the present work but, if we
accept the similarity between P. serratus and P. varians, the
animal probably does not alter its body surface permeability when
exposed to different salinities (Parry, 1955; Rudy, 1967). If low
permeability and permeabllity changes to salts and water cannot
account for the ability of the prewn to regulate its hasmolymoh
concentration, the animal must have other mechanisms to countersct
the osmotic inflow of water as well as The csmotic outflow of salls.

Active uptake of salits from the surrounding water into the
haemolymoh across body surfaces is another widely used mechanisam
for osmoregulation. For the prawn, this mechanism seems fo play a
major role in maintenance of salt and water balance between the
haemolymoh and the medium when the animals are in a dilute medium,
The mechanism can be inhibited by addition of thionine in B0% 5W
as clearly shown in experiment 8, and Y, chaoter XII). The ability
to take un salts ageinst a concentration gradient as shown in the
prawn has been shown in C. maenas (Nagel, 1934 Shaw, 1961], and

also other euryhaline forms Pachygrapsus (Gross, 1957; Rudy, 1966,

Ocypode (Flemister, 1958), Eriochier (Shaw, 1961), Uca (Green et al.,
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1989}, and Callinectes (Wantel, 1967). Such a mechanism can
account for the replenishment of ions lost by both renal and extra-
renal routes. For P. serratus, the animal seems to possess a more

o

effective upteke mechanism than G« crangon, since the former still
increases its urine Flow even if exposed to 108 SW which nrobably
is a lower limit of tolerance for this species, whereas {abviguaiy}
the latter does not increase its urine Flow when it is ecclimated
to a concentration below the salinity at which the maximum rate of
urine production has been reached (Spaargaren, 1971). Although

P. serratus and P. varians show the same pattern in their mode of
urine production, an increase in the rate with decreasing salinity,
the Tormer, a marine species, probably possesses a less effective
uptake mechanism than the latter which is an estuarine species
surviving in water with a concentration as low as 0.50% SW (Potts
and Parry, 1964b). It ssems remsonable to propase that the other
paleemonid prawns are restricted to sea water, not because they
lack the sodium uptake mechanism, but because this mechanism is

not sufficient to balance the sodium loss caused by net diffusional

and renal losses,
2. Possible mechanisms of hypo-osmotic regulation,

The maintenance of blood hypo-osmatic to an external medium
has been shown in a limited number of decapod crustaceans which
inhibit either a semi-terrestrial or hyper-saline environment
(Jones, 1941; Gross, 1964). In hyper-csmotic media, animals tend
to lose water and gain salts passively. Hypo-osmotic regulation

in such conditions will depend upon the concurrent unteke of water
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and excretion of excess salts. The results of the present study
indicate thet the prawn maintains its sodium concentration in the
haemolymph at & lower level than the medium when it is kept in a
concentration higher than 70% SW.
Grustaceans capable of hypo-gsmotic regulation include

Pachygrapsus crassipes (Jones, 19413 Rudy, 1966); Uce pugnaex

(Janea, 19415 Green gt al., 1959}; Palaemonetes variens (Panikkar,

1941}, Sphaeroma pentodon (Riegel, 1959); Artemia salina (Croghan,

1958a ), Heloniscus searlei (Bayly and Ellis, 1969); Palzemonetes

paludosus and P, intermedius (Dobkin and Menning 1964); P. antennarius

(Parry, 1957); Penseus duorerum, end P. aztecus (Williams, 1960);

Metepenaeus monoceros (Panikkar and Viswanathan, 1948); . dobsoni,

s

Penaeus indicus, and P. carinatus (Panikkar, 1958}; P. setiferus,

Trachypeneus similis, and Sicyonie darsalis (McFarland and Lee,

1963); Metapenaeus bennette (Dall, 1967); Palaemon macrodactylus,

and Synacaris pacifica (Barn, 1968); and Macrobrachium eguldens

{(Dene, 1968). These may be divided into two groups, those which
maintain thelr haemolymph osmolality relatively constant over a

wide range of salinities such as A. salina and H. searlei, and

those which maintain a relatively constant gsmotic gradient between
haemolymph and external medium, for example, Ue. pugnax and P, verians,
Those crustaceans which maintain a relatively constant haemolymph
cancentration depend upon regulation at the body surface, while

those of the latter group must either tolerate changes in haemolymnh
concentration or regulate at the cellular lsvel. Regulation of

body fluids at a relatively constant concentration is dependent

an an ability of the animals to excrete excess salts and take up



water, in order to compensate for the osmotic and lomic imbalance
between the internal and external enviromment. Maintenance of
constant osmotic and donie gradients between haemolymph and
environment reguires only a limited ability to excrete salts and
take up water, but necessitates that the cells are capeble of
functioning over a wide range of osmotic and ionic conditions,

In spite of these differences the mechanism of hypo-osmotic regu-
lation in crustaceans is generally considered to be the same
(Potts and Parry, 1964} involving the maintenance of water
balance by ingesting the external medium, teking up both salts
and water across the gut epithelium, and excreting excess salts
Trom the gills.

The osmotic regulation of P. serratus in hyper-osmotic media
indicates that it maintains a ralatiValy constant gradient betwesn
hagmolymph and external medium. The mechanisms involved in hypo-
psmotic regulation in the prawn, which are similar to those
proposed for other crustaceans capable of hypo-regulation, include
three aspects : lowered permeability of the body surface, active
extrusion of ions at the gills, and drinking and anal uptake of

walter.

2.1 Decreased permeability of the body surfece to salt and
water,
On the basis of urine production, P. serratus probably has
a permeabllity of the body surface similar to i. varians, but
higher than C. meenas (Table 13.0). However, the low permeability
alone cannot account for the capacity for hypo-gsmotic regulation

as shown in the prawn, so it must also denend on other mechanisms.



2.2 Active extrusion of ions at the gilis.

The prawn mainteins the hesmolymph sodium in a steady state
by the active extrusion of ions across the gills. MWMaetz (1&6%}
suggested that the sodium extrusion pump is a sodium potassium pump,
The first demonstration that this is also the case in the prewn is
given in section 4, chapter XI where it is shown that removal of
external potassium significantly lowers sodium efflux., Gonfirma-
tion of the role of the gllls in ion regulation is also indicated
by the fact that the inhibitor, thionine, when placed in the external
medium causes a rise in haemolymph concentration when the animal
is in 100% SW (experiment 6, chapter X}.

In normal sea water, sodium ion tends to enter the haemolymph
by diffusing across the permeable gill membranes and, to a limited
gxtent, the general body surface. In addition, there is active
uptake of sadium from the gut, which i3 an essential element of
the csmoregulatory mechanism shown in the present investigetion
because it is assoclated with the upteke of weter from the gut.
This influx of ion is offset by active extrusion in the gills and

losses in the urine.

2,3 Drinking and anal uptake of water.

The prawn compensates for water loss by drinking and
absorbing water end salts across the gut epithelium, in a feshion
similar to A. salina, and the marine teleosts. Drinking is
generally continuous and not necessarily related to feeding acti-
vity. In soecies which continuously swallow sea water, but feed

discontinuously like the penasid shrimp, M« bennette (Qall, 3@67},



Table 13.0 Urine flow in some selected decapods and method of

determination.,

Medium Specias
(% sw)
100 Q. masnas
100 P. varians
100 P. serratus
100 i. serratus
75 e maenas
70 P. varians
70 F. serratus
70 g. sarratus
50 C. maenas
50 P. varians
50 P. serratus
a0 3. serratus
Fresh  A. fluviaetilis
water

'Urine Flow
(% body wt/nhr)

8.64

10.56

11.60

8.16

5.28

10.79

17.40

6.72

20,16

22033

8.22

181

Method of measuring

Clearance of inulin
from hasmolymph

Welght changes
after blocking the
excretory pores

it

Clearance of Cr-51
EDTA from haemolymph

Clearance of inulin
from haemalymoh

Weight changes
after blocking the
excratory pores

24

Cleasrance of Cr-51
EDTA from haemolymph

Clearance of imulin
from haemolymoh

Weight changes
after blocking the
gxeretory pores

E)

Clearance of Gr-51
EDTA Fronm haemolymph

Weight changes
after blocking the
excretory pores

Heference

Binns, 196%b,

Parry, 1955

Present study

Present study

Binns, 1969b.

Parry, 1955

Present study

Fresent study

Binns, 196%b.

FParry, 1955

Present study

Present study

Bryvan, 1960a,



the brine shrimp, A. salina (Croghan, 1956b), the crengonid shrimp,

e vulgaris (Ralph, 1965 and the salaesmonid prewns, P. varians,
Le MULOBTIS ’ s ’

o

and P. serratus, swallowing would be the dominant means of water
uptake into the gut. In the present study the drinking rates of
P« serratus were determined in the absence of food, and thus the
reported rates are also consldered to be independent of feeding
activities,

Swallowing is not, however, the only means of upiaske of fluids
into the gut. Fox (1952) has shown that many invertebrates are
also capable of anal drinking. In the prawn the intake of water
is taking place both at its mouth, about 0.59% bady wt/hr, and
anus, 0.10% body wt/hr (experiment 2.5, chapter VII). For conve-
nience in subseguent discussion the term drinking is used to
describe total water intake via both routes,

Drinking retes in P. serretus in a steady state were signi-
fleantly reduced in dilute sea water. Total water ingestion by
P. serratus in normal sea water, as measured by Cr-51 EDTA, is
about 0.69% body wt/hr. The value agrees with those reported by
Dall (1967) on M. bennette using colloidel silver (Ag-110), 0.6-0.74
body wt/hr., It is also comparable with the maximum weter ingestion
rates of teleosts in sea water, 0.70% body wt/hr (Smith, 1920).

The drinking rate of P. serratus was found to be lower than

that of P. varians for which Ralph (1965), using amaranth dye,

e

obtained the value of 1.90% body wt/hr, and Potts and Parry (1964b),
on the basis of urine losses and water lost by exosmosis calculated
the vaelue of 2.5% body wt/hr. This would be expected, since

Pe. varians is an estuarine species with a higher degree of hypoe

L

tonicity than that shown by P. serratus.



As suggested by Smith (1920), the uptake of water from the
gut replaces that lost by exosmosis to the environment. A similar
mechanism has been proposed for A. salina (Croghan, 1958b), Uca

pugnax (Breen et al., 1959}, and Pachygrepsus crassipes (Rudy, 1966).

Croghan (1958b) proposed that the brine shrimp, A. salina ingests
the medium and that sodium and chloride are then actively trans-
ported scross the gut wall resulting in & decrease of osmatic
pressure in the gut fluid which, in turn, reducss the osmotic
oressure difference to a level at which active water absorntion
from the gut into the haemolymph can be undertaken; thus providing
the net gein of water to offset exosmotic and excretory losses,
Following the enalogy with teleost fish, Croghan (1988b) suggested
that the excess sodium and chloride taken up into the heemolymph
were excreted via the gills.

There are some inconsistencies concerning the part played
by the gut in the hypo-osmotic regulation in Artemia. Bayly (1972)
analysed some of Croghan's (1958b)} data and calculated that when
Artemia was in sea water the osmotic pressure of the gut fluid was
approximately 680 mOsm/kg HZG while the totel osmotic eguivalent
of the amounts of Na+, K+, and C1~ in the gut was only shout 200
mDsm/kg H,0. This leaves a deficit of some 480 mOsm/kg 0.
Croghan (1958c) suggests ‘that much of the deficit is made up by

. b -

" . g
the divalent ions Wg , Ca , and 80,

PR and that organic substances
may contribute apprecisbly to the gut osmotic nressure. No deter—
minations, however, have been made to demonstrate high concentretion

of these substarnces in the gut.
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Potts and Parry (1964a), aend Bayly (1972) have pointed out
that the Croghan model of osmoregulatory mechanisms differs from
that of teleosts in that it involves the absorption of water from
the gut against an osmotic gradient. The osmotic pressure of the
gut is as much as 600 mbsm/kg Hzﬁ greater than that of the haemolymph
when Artemia is in a concentrated brine solution. This measns that
the mechanism by which water is actively moved across the gut is
unlikely to involve simple osmosis unless the ion transport system
can reverse the gradient locally in the gut wall,

In the light of the present study, the mechanisms of hypo=-
regulation in P. serratus are in general agreement with those
outlined by Groghan (1958c) and so endorse the velidity of Croghan's
model. The mechanism by which water is actively transportsed scross
the gut wall sgainst an osmotic gradient can be explained in terms
of water transport Gmuplad with sodium. As cleerly shown in the
present study, the addition of thionine to 100% SW resulted in a
decrease of urine production rete and increase in the sodium concen-
tration in the haemolymph., This line of evidence does not support
Dall’s (1967) theory that the gut is a site of salt extrusion in
hypo-osmotically regulating prawns. IF salts are removed in the
gut and only water absorbed across the gut epithelium as suggested
by Dall (1967}, there should be no significent difference in urine
production between those prawns kept in 100% 8W plus thionine and
the controls. The increase in sodium concentretion in the haemolymph
of prawns kept in 100% SW with an addition of thionine also
suggests that the branchial active extrusion mechanism of sodium

is impaired by the action of the drug,
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Additional criticisms have been made of Croghan®s model of
the mechanism of hypo-osmotic regulation in A. salina by Dall (1967)
He suggested that, because animals ligatured at the neck and anus
did not dehydrate in sea water plus 15% glycol, it could be concluded
that the gills were capeble of resisting exosmosis. This obser-
vation wes in line with his theory that the gills played an
absorptive rather than an excretory role, e view contrary to the
Croghan model of the osmoregulatory mechanlsm. However, Geddes
(1975) has recently ligatured the Australian brine shrimp,

Parartemia zietziana in a similar manner to that of Croghan (1958b)

and found that the ligatured animels lose about 33% of their weight
after 24 hours in sea water. The fact that the ligatured A. salina
did survive a 23-hour exposure to sea water plus 15% glycol may
therefore perhaps be explained, either by the animals having an
unusually low water permeability, or by the possibility that some
water was absorbed from the fluid already in the gut and that this
ensbled the animals to survive in & dehydrated condition. The first
possibility was confirmed by Stewart (1974} who demonstrated that
Artemia has a body water exchange rate of only 8.8%¢bmdy wt per
hour at 1688 in 100% SW; a value which is very low when compared
with C. maenas, 236% body water exchanged per hour (Smith, 1970),.
No direct evidence is available in regard to the second possibility
but it may be recalled that there is good evidence to suggest that
water upteke from the gut is a normal process by animals hypotonice

to the medium,
3. Adeptation to a change in salinity.

Adaptation to salinity chenges has been studied both by
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following changes in haemolymph sodium concentration, and by

measuring the rate of sodium efflux from the prawn. Prawns transferred
from 100% to 50% 8W required sbout 12 hours for the haemolymph to

reach a new steady state. The result corroborates those presented

for the same species by Panikkar (1941}, and for P. squilla by

Luch et al. (1972).

An overshoot of sodium concentration, occurs during the first
hour after the prawn are suddenly transferred from 100% to 50% Sw
(Figur& 12,5). Two possible mechanisms might produce this effect

(1} activation of sodium uptake at the gills following
reduction of the haemolymph volume (Table 8.4) ar
(2) delayed inactivation of sodium trensport across
the gut wall into the blood due to the gut being
full of sea water prior to the transfer to
dilute medium,

The first possibility may be responsible in part but not in
total for the brief rise in blood concentration since the time
required for full activetion of the sodium pump is probably longer
than the period when the rise in the sodium concentration of the
haemolymph is taeking place. Sodium uptake at the gills is, therefore,
not at its maximum rate when the overshoot occurs.

The second possibility is the more likely explanation, as can
be shown by comparing the drinking rete and urine production
during the first hour by prawns in a nonsteady state and in a
steady state. During the first hour after transfer from 100% to
50% SW the prewns drink water to the extent of approximately 0.42%

body wt, and produce urine at a rate of 1.62% body wt, whereas
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prawns in a steady state drink about 0.26% body wt/hr in 50% 5u,
and produce urine at a rate of 0.93% body wt/hr. If we assume
that, under a steady state condition, the water influx equals the
outflux, then in 50% SW the ocsmotic inflow of water is (0.83-0.28)
0.67% body wt/hr. When the prawns are suddenly transferred from
100% to 50% SW they should produce circa 1.09% body wt (0.67 + 0.42)
urine during the first hour, but in fact the animals oraduce a
urine volume of approximately 1.62% body wt so a deficit of 0.53%
body wt i1s left for weter balance. If the prewns have no source
of water to balance the deficit, the animals will lose welght to
the value of some 0.53% body wt during the first hour. By looking
at the weight-gained experiment (Appendix table 11}, it is seen
that the animals with unblocked antennary pores gain about 0.54%
of the initial weight during the first hour. This means that thers
must be some source of water that the animals can obtain to balance
the deficit. Possibly therefore upteke of salt and water from the
gut may continue for & period efter transfer from ses water to =a
more dilute medium. The sodium taken in with the water scross the
gut wall during this period cannot be extruded via the gills since
in a dilute medium the gills® ion pump operates in the reverses
direction. This effect probably gives rise to the high concentration
of sodium in the haemolymph, as seen during the first hour after a
sudden transfer from 100% to 50% SW (Figure 12.5).

A similar explanation can be applied to the situation where
the animals are suddenly transferred from 100% to 70% SW. The
water that is taken in across the gut epithelium during the first

hour should equal the urine flow in the same period (0.51% body wt/hr),
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since in this medium the osmotic gradient between the haeemolymph
and the external medium is nil, and there is no osmotic inflow of
water. Hence, the fraction of water thet has been in the gut
prior to transfer, and is transported into the haemolymph in this
case equals (0.51-0.41) 0.10% body wt. It can be seen that the
water reabsorption across the gut of the prawn during the first
hour after transfer into 70% SW equals a fraction that has been
in the gut, plus & new component of water thet the prawn drinks

a total of 0.51% body wt, which is less than for those animals

in B0% SW (0.95% body wt/hr). This would be expected because the
ionic and osmolar concentrations of the two media are very different,
s0 the conditions for the reabsorption of seslts and water are not
equivalent.

As shown in Table 8.4, the hsemolymph volume of the prawn
during the first two hours after transfer to 50% SW is reduced
significantly from 19.4 + 2.3 to 17.2 + 3.0% body wt., Potentially
therefore the sodium pump at the gills could be initially activated
by the reduction of the haemolymph volume, since it can secondly
be activated by the haemolymph concentration as this rises inttially
(@xperiment 7, chapter XII). The apparent link between the
reduction of the haemolymph volume and the active uptake of sodium
is also shown in experiment 4, chapter VIIT, and exneriment 9 of
chapter XII. When the prewn is transferred suddenly from high to
low salinity, the animal loses sodium from its haemolymph guickly.
If the haemolymph sodium is decreasing faster than the intra-
cellular concentration can be adjusted, water will pass from the

haemolymph to the cells. The volume of haemolymph will, therefore,
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be reduced if the uptake mechanism cannot teke in enough sodium

to compensate for the sudden loss or alternatively, if adjustment
of cell amino acld concentration fails to maintain isotonicity
between intra- and extra-cellular compartment. The instantanous
reduction of haemolymph volume upon the transfer of nrawn to dilute
medium, as shown in experiment 4, chapter VIII, would be expected
to stimulate the sodium pump resulting in an increased sodium

uptake as Lockwood (1970) has shown in the amphipod, Gemmarus duebeni.

When prawns are transferred from 50% to 100% SW the sodium
concentration in their heemolymph reaches an eguilibrium within
6 hours, but when the prawns are trensferred from 100% to 128% SW,
a new steady state of sodium in the haemolymph is only restored
after 12 hours. Obviously, Pe serratus can sustain a sudden fall
in salinity from 100% to 50% SW better than a sudden increases of
salinity from 100% to 125% SW. In the former case the sodium
concentration in the haemolymph decreases slowly, since the animal
possesses an active uptake mechanism counteracting the loss through
the renal and extra-renal routes, In the latter situation, the
inflow of sodium and the outflow of water disturbs the balance with
an initiel rise in sodium concentretion in haemolymph (Figura 4.2)
as a consequence of the sudden transfer from normal to more concen-

trated sea water.

4. Urine flow, urinary bladder function, and reabsorption of

water.

Estimates of urine production in prawns stressed by decreasing

salinities were accomplished by the welght-gained method and
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clearance of Cr-51 EDTA from the haemolymph. The urine Flow
obtained from the latter method is slightly greater than the value
obtained from the former. It must be borne in mind that neither
of these methods give an exact value for the rate of urine produc-
tion. The primary criticisms of the estimation of urine flow by
the weight-gained msthod are
(1} the possible inhibition of urine formation due
to back pressure,
(2) the risk of a handling shock effect producing
anomalous urine production rates over the
short period of test, and

(3} the adverse physiclogical reactions that may ensue,

The second method of measuring urine production has the
advantage that handling can be reduced to & minimum, but it requires
some exogenesus tracer substance to be administered, hence causing
at least some stress which probably results in an increase in
urine flow, Probably the most reliable measurement of urine flow
in the prawn is the second method. Besides the fact that the
handling effect can be reduced to a minimum, it is also possible
to measure the rate of urine flow for a considerable period, 24 hours
at least, which is long enough to obtein a reliable value for
urine flow,

In 100% SW prawns produce urine at the rate of 0.44% body wt/hr,
If this were continued without some compensatory inteke the animals
would become dehydrated and haemolymph volume and water content
would decrease. The results of experiment 2.3 in chapter VII

suggested that a major route by which the prawns obtain water is
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by drinking. In full strength sea water the prawn drinks water

at a rate of approximetely 0.69% body wt/hr, therefore, if all of
the water entering the gut is absorbed, there would be & surplus
over the urine production rate of 0.25% body wt/hr for the osmotic
outflow of water across the body surfece.

As might be anticipated, ancther feature of adaptation by
the prawn to the osmotically unstable snvironment in which it lives
is a modification of its drinking activity according to the osmolality
of the medium. When the prawn is in S0% SW, its drinking rete is
about 0.26% body wt/hr, and the rete increases with increasing
salinity, to circa 0.42%, and 0.69% body wt/hr in 70% and 100% Sw
respectively. The prewn is also able to reduce its drinking rete
from 0.69% to 0.41% and 0.42% body wt during the first hour after
the animal is subjected to a sudden change of salinity from 100%
to 70% SW, and from 100% to 50% SW. TIn the latter medium, the
prawn further reduces its drinking rate to a steady state level,
0.26% body wt/hr within 12 hours.

The U/H ratios for the inert urinary marker Cr-51 EDTA af
prawns in 100% SW is 2.34 and it decreases with decreasing salinity
from 2.34 to 2,16, 1.77, and 1.22 for prawns kept in 70%, 50%, and
10% SW respectively (Table 10.4). Since Cr-51 EDTA is presumably
not transported across the bladder, the high U/H ratios for this
marker could be either the result of sctive secretion or alterna~
tively of water reabsorption from the primary urine. The decrease
in U/H retio with decressing salinity suggests that a lesser
proportion of water in the primary urine is reabsorbed before
release of the definitive urine from the bladder when the prawns

were Kept in dilute media. The rapid clearance of Cr-51 EDTA
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from the haemolymph as seen in the prawn when compared with
crustaceans such as 0, méenas probably results from the higher
rates of water turnover across the bladder and the gut.

When exposed to a more dilute medium (10% SW) the animals
show an ability to further increase thelr urine flow to compensate
for a higher osmotic inflow of water. Flow increases to nearly
twice that produced in 50% SW. This ability of P. serratus is
similar to P. varians (Parry, 1955), but it is different from
G. crangon which Speargaren (1971} has shown, does not increase
its urine flow when the salinity is decreased to nearly the lower
limit of its range of tolerance. The difference in the mode of
urine flow between P, serratus and G. crangon may be due to the
fact that P. serratus possesses a more effective uptake mechanism
than L. crangon.

Measurements of the rate of urine production of prewns which
have just been subjected to a sudden decrease in salinity also
show some evidence that the antennal glands play & significant part
during the adjustment of the regulatory process. Their importance
is demonstrated by the spectacular change in urine volume already
mentioned when the prawns are suddenly transferred from 100% to
50% 8W. The animals increase their urine flow to a level more
than twice that of those acclimated to 50% SW. This suggests that
when the prawns are subjected to & sudden changes from normal sea
water to dilute sea water, the animals are able to excrete the excess
water out of the body as rapidly as it enters until equilibrium

has been reachsd and also confirms thaet urine production rate is

determined by internal parameters rather than by the external salinity.
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The volume of urine that the prewn produced in sea water
(2.5 Fl/hrnlg"l} possibly represents the minimum amount required
for excretion of sufficlent magnesium, sulphate, and calcium ions
to keep the haemolymph level of these ions constant, This line
of evidence is supported by the fact that the concentration of
magnesium, sulphate, and calcium in the final urine of prawns is
higher than in the haemolymph (Parry, 1964). Wagnesium is a co-
factor in several lwportant enzyme systems and its regulation sesms
to be essential (Engback, 1952). Calcium is an important consti-
tuent of the skeleton in prewns so the regulation of haemolymph
calcium levels must be precise. Control of haemalymph magnesium,
calcium, and sulphate ions would seem to be a major function of
the antennal glands.

In 70% SW the rate of urine flow measured by the weight-gained
method was found to be 0.22% body wt/hr, whereas the velus obtained
from the clearance of Cr-51 EDTA was 0.45% body wt/hr. As has
been discussed in section 3.2, chapter X, the urine flow obtained
by the former method is probably an under-estimate, whereas the
value determined from the clearance of Cr-51 EDTA may slightly
over-astimate production. Although the value obtained From
Or-51 EDTA clearance is the sams magnitude as the drinking rate
of prawns in 70% 8% (0.42% body wi/hr) it is unlikely that all the
water in the gut of prawns in this medium, in which very little
transport of solute is presumed to occur, will be transported into
the intermal milieu,

In 50% S8W the rate of urine production by the prawn is

increased by a factor of two when compared with that of animals
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kept in 70% SW. This indicates that the antennal glands are
capable of excreting large amounts of water through the excretory
openings. The water which enters at an increesing rate, as the
salinity in the medium decreases, can be axcrét@d by increasing
the rate of urine production.

Since the antennal glands are presumebly the major site of
water loss in hypo-osmotic medium, the rate of urinary water loss
is assumed to be eguivalent to the total net water uptake. The
total water uptake of prawns acclimated to 50% SW is the sum of the
osmotic inflow of water across the body surface and that due to
drinking (0.26% body wt/hr). The net water upteke is balanced by
an equivalent loss due to the urinary water (0.93% body wt/hr).
Thus the water inflow osmotically across the body surface is aboutl
0.67% body wt/hr.

Morphological examination of the antennal glands by Weldon
(1891) has shown that in P. serratus these structures consist of
an end-sac and excretory tubule which leads into the bladder.

The end-sac is =& small, compact, specialized structure composed

of an outer layer of connective tissue containing blood spaces and
an inner layer, thrown into a fold which projects into the lumen

of the sac. The bladder, besides receiving the opening of the
nephroperitoneal ducts, gives off on the one hand the ureter, and
on the other a system of excretory tubules of the green glands,

The excretory tubules forming the glandular plexus of the labyrinth,
anastomose freely with one another, but they communicated by means
of a common opening with the end-sac and by seversl openings in

the bladder. Large clear vacuoles at the apices of cells lining

the distal tubule were interpreted by Maluf (1939) as indicating
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ebsorption of water from the haesmolymph. Parry (1954) believed
that the antennal glends of paleemonid prawns lack any segment such
as the tubule of fresh water crayfish which might perform a salt-
absorbing or water regulating function. Water reabsorption in the
prawn probably does not occur in the nephidial tubule. Peters
(1938) and Maluf (1939) found that the antennal artery of the
crayfish sends a branch direct to the coelomic sac of the antennal
gladd. A similar arrengement has been found in the bload supply
to the end-sac of the prawn, where it suddenly splits up into
numerous Tine vessels which are lost in the walls of the end-sac.,
Neither the labyrinth nor any other part of the gland appears to
have direct blood supply, although the connective tissue of the
labyrinth has numerous blood lucunae, and all the parts of the
antennal gland lie within the haemocoel (Parry, 1955). This
arrangement of blood vessels suggests thet at lesst the necessary
apparatus is present for the oroduction of primary urine in the
coelomic sac by a filtration process,

A number of observations have been made on the mode of
discharge of urine by the prawn (section 1, chapter X). In normal
sea water the prawn releases its urine in a regular and consistent
pattern wheress in 50% 8W the animal tends to have & pattern of
irregular discharge of urine, If the urine of P. serratus is
expelled by contraction of the epigastric-sac as Parry (1955) has
suggested is the case in P. varians, rates of the contraction of
the epigastric~sac of prawn kept in normal sea water must be high
and consistent which will meke the disappearance of GCr-51 EDTA
from the whole animal occour in a continuous rather than an inter-

mittent pattern. If this is the case, =a large portion of urinary



Fluid must be retained in the bladder all the time. This suggests
the possibility that the urinary bladder can function as a storage
organ when the prawn is in 100% SW. Potentially, therefore, the
bladder could act as a water reserve if water reabsorption is
possible,

It is still not possible to state categorically whether
secretion or filtration is the means by which primary urine is
produced in P, serratus or in other marine crustaceans, although
on the basis of the evidence available, the tendency to favour the
hypothesis of Filtratianvand subseguent water reabsorption is strong.
The following discussion will serve to describe and then briefly
assess the evidence now available.

A number of crusteceans have now been shown to excrete inulin
and other polymers in the urine. Among them are the crayfish

(Maluf, 1941a; Riegel & Kirshner, 1960), Homarus americanus (Burger,

1957), and Barcinus maenas (Riegel and Lockwood, 1961). Haluf

(1941b) as a result of his cytological work and experiments using
inulin, xylose, and dyes proposed that all the components of urine,
including water, are secreted. Riegel & Kirshner (1960} repeated
the experimental work and cbtained similar results, Although they
considered Maluf's work did not Justify the conclusion that the

urine is produced by secretion, their own could not be used as

evidence that the urine of the crayfish is produced by filtretion.
In the present work, there is some evidence to suggest that
active secretion might be involved in the process of primary urine
formation. As shown in chapter XII, in 100% SW the nrawns with
ligatured eyestalks have & higher Cr-51 EDTA U/H retio (about

2.94) than the normal prawns (about 2.34) whereas the urine flow
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of the former is slower (9.87 + 2.59% body wt/day) than the latter
(10.56 + 1.65% body wt/day). This would be expected, if the primary
excretory fluld was produced by a mechanism other than filtration,
since the higher the rate of urine oroduction the less the emount

of marker which will accumulate in the bladder and the lower will

be the U/H ratio.

There is some evidence for secondary modification of the urine
after its initial formation. Thus the high U/H ratio for Cr-51
EDTA as shown in Table 10.4, can be interpreted as being due to
water reabsorpiion from the primary urine. The theorectical model
used by Riegel et al. (1974) for C. maenas has also been employed
to test whether the high U/H ratio of Cr-51 EDTA found in the
present study is due to a lack of equilibrium between the haemolymnh
and urine in the bladder or to water reabsorption. As shown in
Figure 12.9~12.12, when acceptable limits are used for bladder
volume, renal clearance rete and possible loss of marker to the
tissue, the resulting U/H which can be attributed to a lag effect
falls short of that observed. It is, therefore, necessary to
postulate elither that active secretion of marker occurs or that
water reabsorption from the urine contributes to the rise in U/H.

When the prawn was injected with Cr-51 EDTA, the concentration
in the bladder increased as urine production continued. After the
maximum urine concentration of labelled chromium had been reached,
the U/H ratio was maintained, at about 2.34 since the haesmolymph
and urine ectivity levels fell at the same rate. This also is a
a good indication that urine production is a filtration mechanism.

Two additional factors suggest that either water reshsorption

or secretion of marker contributes to the rise in U/H retio.
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Firstly, urine Cr-51 EDTA concentrations rise in a number of
individual prawns to s level exceeding the concentration present
initially in the haemolymph and this effect is more pronounced
when the eyestalks of the prawns are removed (Figure 12.8).
Secondly, the Cr-51 EDTA U/H ratio in prawns treated with
ethacrynic acid is significantly lower than that éf controls
(Franklin, 1975) and the retio reduces to near unity by the sixth

day following such treatment.
5. Volume regulstion of the prawn,

It has been shown in the preceding chapter that the prawn
regulates its haemolymph volume as well es its body water content
fairly constant in the salinity range 50% to 125% SW. The
constancy of the fluld content shown implies that the animal
regulates its body volume accurately in its normal renge of salinity.

The regulation of total body volume when the animal is
subjected to a sudden change from high to low salinity must be a
function of the antennal glands (experimant 4, chapter X}, The
results of the present investigation in chapter X (Table 1@.&}
have shown that prawns control the rate at which water is removed
from the body both by regulating the rate at which primary urine
is formed and by reabsorbing fluid during the passage of urine
through the excretory orgens. The ability of the prawn to increese
its urine flow with decreasing salinity also illustretes the
importance of the function of the antennal glands. Volume regu-
letion, however, 1t is not solely & guestion of elimination or
gain or water. The asmotic and iormic levels of the haemolymph
must be maintained despite the fluctuations in the volume (Lockwood,

19707,
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An analysis of the haemolymph volume of prawns exposed to
100% 8W plus thiomine showed an increase compared with controls
from 19.4 + 2.3 to 28.4 + 2.,9% body wt. The result corrasponds
with the rates of urine production of these prawns which wes reduced
from 10.6 + 1.6 to 7.3 + 2.3% body wt/day. A possible explanation
of this effect is that when the prawns are kept in 100% SW with an
addition of thionine, there is inhibition both of sodium uptake
across the gut epithelium and sodium extrusion via the gills. The
inhibition of sodium trensport across the gut, since it is probably
associated with weter uptake, in turn results in a lesser amount
of urine production. The inorease in the concentration of sodium
in the heemolymph probably results from the failure of the gills
to extrude sodium adeguately in the presence of thionine. The
increase in blood volume, as shown in experiment 3 of chapter VIIT,
must be a secondary response to the salt load of the prawn. The
burden of ionic adjustment appears to be handled by the increase
in haemolymph volume in order to meintein the homeostasis of the

haemol ymph.
6. Influence of temperature on osmotic and ionic regulation.

It appears that both salinity and temperature interasct to
alter the salt and water balance in the prawn. In dilute media
the sodium concentration of the haemolymph decreases as the
temperature is reduced. A possible explanation is that in dilute
media the prawn relies on the sodium pump at the gills to compen-
sate for the sodium loss via the renal and extra=-renal paths and

the antennal glands to excrete the excess water from its body.
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As the temperature decreases the effectiveness of the sodium uptake
mechanisms declines and results in less sodium intake. The effect
is pronounced at SGB, when the sodium uptake rate is impeired and
the urine production is reduced from 10.6 + 1.6 % to 4.6 * 1.4 F
body wt/day and is indicated by an incresse in water content of

the whole body (Teble 6.1, and 6.3, chapter IV]). The prawn can
only survive for as long as the cells are able to tolerate the
decrease in sodium concentration. When the haemolymph sodium
concentration becomes too dilute for the cells to maintain the ions
at an appropriate level the prawn dies.

In normal sea water, the sodium concentration of the haemclymph
is increased when the temperature falls. The probable explanation
is that in normal sea water the animals rely on the mechanisms
that takes the water in across the gut epithelium and excretes the
excess salts via remal and extra-renal routes. Since low tempe-
rature tends to decrease the net rate of extrusion of sodium this
in turn results in increased sodium concentration in the haemolymph.,
This would also apply in the case of prawns kept in concentrated
sea water within the temperature range 57 to 1508.

For those kept in concentrated sea weter in the temperature
range from 150 to ZSQC, the situation is reversed. In extreme
conditions, high salinity and high temperature, the sodium concen-
tration of the heemolymph increases toward that of the external
environment (Figure 5.2, chapter V).

The results obtained in the present investigation in respect
of the seasonel affects on osmotic regulation are comparable with

those of Panikkar (1941) an P. serratus, and P. varians. He
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found that prawns have a higher haemolymph osmotic level in winter
than in summer. Broekema (19&2) found the same phenomenon in

L. crangon, the shiimp having a higher blood osmotic concentration
at 4°C than at 21°¢ in 100% SW. Williams (1960) showed a like

reversal of tempersture effect in Panascus aztecus and P. duorarum

when results from the highest and lowest experimental temperaturess
(28.5° and 8.8°C) are compared.

The date obtained so far in crusteceans with regard to the
nature of temperature effects on the osmotic concentration of body
fluids can be relsted to thelr range of ecologicel adaptation,

For example Gemmarus duebeni and Bithropanopaeus harrisi (Kinne

and Hotthauwe, 1@52}, can both be physiologically adepted to fresh
water, even though they live primarily in brackish water. They
have in common a tendency to maintain a higher osmotic concentra-
tion of the blood in fresh water when at a low temperature. Warine

or brackish water species, such as Ligia oceamica and Idotea

granulosa (Todd, 1963}, C. crangon (Broekema, 1942), P. aztecus

and P. duorarum (Williams, 1960), P. serratus, and P. verians
(Panikkar, 1941), on the other hand, have a low blood osmotic
concentration when low temperatures ere combined with low salinities
and show the reverse temperature effect when in 100% 5.

Although no satisfactory explanation can be offered here to
account for the variety of response between different species with
respect to temperature and salinity conditions, the results justify
the inference that there is a physioclogically effective temperature-
salinity interaction. The three important properties of the
medium are, therefore, the salinity, temperature, and their

combination.
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7. The involvement of neurgendocrine control in salt and water

balance,

The maintenance of a constant gradient between the internal
and extermnal environments of the prewn depends on the regulation
of both salts and water. The burden of compensation for movements
of water and salts caused by external salinity cﬁangaﬁ is borne
by specialized epithelis separating internal and external media,
situated in effector organs.

The effector organs that play a major role in salt and water
balance in P. serratus in dilute media are the gills and the
antennal glands, while in normel ses water the gills, the gut, and

the antennal glands operate simultanecusly.

7.1 Water balance.

As stated in the introduction of chapter ALIT, seversal
investigetors (Kamemoto et al., 1966; Mantel, 1967; Cerlisle, 1956;
etc. ) believe that water permeability in crustaceans is under
hormonal control. In support of this hypothesis, i1t has been
found that following eyestalk ablation the urine flow incresses
(Kamemoto et al., 1966; De Leersnyder, 1967; Kato and Kamemoto,
1969; Kamemoto & Ono, 1969). These data have been interpreted
as indicating that the operation results in an increase in integu~
mental water permeability (Kamemmta et al., 1966}, but the increase
in urine flow could also result from either an increased filtra-
tion and/or a decreased reabsorption rate in the urinary bladder.

The hypothesis that ligaturing of the eyestalks increases
the water surface permeability is not supported by the results of

the present work on P. serratus, since there is no significant
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difference in elither increase in welight or the rate of clearance

af Cr-81 EDTA between prawns with ligatured eyvestalks and the
controls when they are kept in 508 8W. In 70% and 100% SW the
experimental prawns show a faster increase in weight than the
controls (Figure 12.2, and 12.3) whereas if Kamemoto's conclusions
were correct a slower rate of uptake would be expected in Iigatured
animals in 100% SW. The increase in weight of the experimental
prawns in 70% SW, where the osmotic difference between the internal
and external environment is nil and in 100% SW where the osmotic
gradient favours the laoss of water, must involve & process of
active intake of water.

One interpretation of the above observations is that in 70% SV,
even though the animal is isotonic to the medium, the sodium pump
at the gills operstes to teke sodium in and the excess water is
excreted through the antennary openings. The faster increase in
weight of the eyestalk-ligatured prawns kept in 70% 5S¢ (experiment 3,
chapter XII) suggests that the sodium uptake mechanism at the qills
is controlled by an eyestalk factor. When this is removed from
the circulation by eyestalk esblation, there is an increased rate
of sodium uptake which in turn elevates the rate of water inteke.
The evidence that prawns with ligatured eyestalks have a faster rete
of sodium uptake than the control is shown in expsriment B8, and 9
of chapter XII.

At the moment, it seems likely that an eyestalk factor also
controls the rate of sodium transport across the gut epithelium,
for when the factor is removed, the rate of sodium transport is
increased and this is accompanied by increased water inteke., The

lower rate of drinking in prawns with ligatured eyestalks



(0.45% body wt/hr) in 100% SW, when compared with controls (0.65%
hody wt/hr) is probably @ physiological compensatory reaction to
reduce the amount of the water that is transported in via the gut
wall.

Ligaturing the eyestalks of prawns results in = higher U/H
ratio for Cr-81 EDTA (experiment 14 of chapter XII) indicating
a higher rate of water reabsorption than in the normal orewn. This
suggests that water reabsorption from the urinary bladder is aslso
controlled by an eyestalk factor. Whether or not the eyestalk
factor is the same as the eyestalk anti-diuretic factor remains
to be esteblished,

A faster incresse in weight of prawns with ligatured eyestalks
and blocked antennary openings, as shown in experiment 263y chapter
XII, when kept in 100% SW is presumsbly due to a higher rate aof
water upteke across the gut epithelium by comparison with those
kept in 70% S5W. The mechanism by which water is actively trensported
across the gut epithelium of prawns in 100% 8W has been discussed
in section 2 of this chapter. The faster rate of water transport
across the gut epithelium and the higher rate of water turnover
across the bladder in the experimental prawns definitely results
in & larger increase in body water. The larger haemolymph volume
of prawns with ligatured eyestalks (Table 12.12) confirms this

pointe.

7.2 Salt balence.
The haemolymph electrolyte and osmotic concentration may
also be under hormaomal control as suggested by changes in these

parameters following bilateral eyestalk ablation (Bryan, 1960a;



Kamemoto gt al., 1966; Peterson & Loizzi, 19?0}. In the present
study, there is no significant difference in the sodium concentration
in the haesmolymph or the rate of sodium extrusion at the gills
between the animals with ligatured eyestalks and the controls when
acclimated to 100% SW. This suggests thet snimals are still able

to control thelr sodium belance although some perameter, such as
drinking rete and urine production, is altered by the extirpation

of the eyestalks,

In BO% 8W the haemolymph [Na+] of the animals with ligatured
eyestalks is higher than that of the controls. OUne possible
explanation is that the sodium pumps st the gills are controlled
by a factor which is released into the haemolymph from the eyestalks.
When the factor is removed from the circulation by eyestalk abletion,
it results in an increased rete of sodium uptake, This explenation
is supported by the results of experiment 9, chapter XII which
clearly showed that when the basic dye thionine, which is known
to pertially inhibit active sodium upteke, is applied to the
external medium the sodium concentration in the haemolymph of both
experimental and control animals falls by the same magnitude when
they are transferred from 100% to 50% SW.

The higher rate of sodium efflux, as seen in the animasls
with ligatured eyestelks, probesbly is 2 secondery response to the
higher concentration of the sodium in the haemolymph. This would
be expected, since P. serratus has a tendency to regulate its
haemolymph sodium constant at an appropriate level.

Kamemoto and Tullis (1972) have recently obteined results

with Procambarus clarkii which sccord with the present results.
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They found that injection of brain homagenate into P. clarkii
adapted to an isosmotic 0.1 ¥ NaCl solution, causes the sodium
influx rate to almost double.

There is now sufficient evidence to coneclude that neuro-
hormonal factors secreted by the eyestalks protect the prawn from
excessive water turnover through the gut and the antennary bladder
when in normal sea water and increase the sodium uptake by
stimulating the transport mechanisms at the gut epithelium when

the animal is kept in 100% SW and at the gills when it is exposed

to dilute media.
8, Implications for prawn Farming.

Physiological studies like those reported here are conducted
in the laboratory because it is more convenient to study an animal
under controlled conditions. In so doing the investogator may
unknowingly eliminate envircnmental fectors which are significant
and hence extension of conclusions from leboratory studies to
field situations should be undertsken with some caution. In the
nresent study, P. serratus, was found to survive in media with

e

salinities between 10% and 125% 5W and temperatures ranging from

® o 25, The ability of the prawn to withstand a wide range

5
of salinities and temperatures appears to depend primarily upon
physiological compensaetion and to & lesser extent upon tolerating
changes in haemolymoh sodium concentration, IE appears therefore
to be well adapted to the sudden changes in salinity characteristic
of prawn ponds. When the pond is fairly dilute, for example due

to rainfall in esrly spring, the prewn could nsmoregulate by

actively teking up ions from the pond water to replaece those lost
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through the renal and extra-renal routes. As the season progresses,
and the salinity of the pond increases, the prawn could maintein
gsmotic and ionic balasnces by reducing the rate of sodium uptake
across the body surfece end increasing the reite of water taken in
across the gut epithelium. When the salinity of the pond water
increases to a level higher than the normal ses water, the active
uptake of sodium ecross the gills could be diminished, and the
raﬁe of water transport across the gut is increesed as well as the
rete of sodium extrusion via the gills. The prawn could only
survive further concentration of the pond water as long as its cells
were able to tolerate the increased haemolymph sodium concentration,
When this became too great for the cells to meintain ionic balance
the prawn would dies.

This also epplies to shrimp farms in the far east such as in
Indonesia, Malaysia, the Philippines, and Thallend, where the

culture of species like Penaeus manodon, P, merguiensis, is practised

in outdoor ponds. In the first case, dilution of pond water always
occurs during the rainy season when the medium may be diluted down
to 10% SW during periods of heavy rain. For the second caseg, the
concentration of pond water in summer will rise to more than 150% SW
if no protection is undertaken.

For shrimp farms where the salinity cen be controlled a
knowledge of the iscotonic conditions for the culture species will
be of considerable valus, When prawns are isotonic the energy
required for osmotic work and the oxygen consumption of the animals
are both minimal. The latter parameter has been demonstrated in

P. varians (Lofts, 1986). The implication is thet under isosmotic
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conditions the natural mortality due to low oxygen tension is
reduced, thus, the largest number of organisms can be cultured
in a given volume of water. However, before a model of the
optimum conditions of prawn ponds necessary to permit maximum
growth for economic aguaculture can be proposed, the basic
information concerning the effects of salinity in combination of
temperature on feeding levels, food conversion, growth, and

survival rate of the cultured species are required.



XIV. SUMMARY

1. The prawn, P. serratus regulates its haemolymph sodium hyper-—
ionic, and hypo-ionic in sea water concentrations below and above

70% SW respectively.

2. In normal sea water there is an inverse correlation between
the haemolymph sodium concentration and tempereture. In 50% SW
the cancentretion incresses irregularly with increasing temperature.

In 125% SW, the sodium concentration has a mimimum value at 18

(s82 + 8.2 mM/1} and it incremses with a change in temperature.

3. Within the salinity range 50% to 100% SW and temperasture range
5” to ESDG the prewn regulates its water content very efficiently
to between 74 + 0.7 and 76 + 1.2% body wt. At 157 to 28°C, when
the salinity increases from 1008 to 125% SW, the prawn is still
able to regulate its water content within the range 75 + 2.1 to

73 + 1.2% body wt i.e. approximately the same as prawns in 100% 5%
at these temperatures (75 + 1.4 to 74 + 0.7% body wt). At 5%,
the water content of the prawns in 100% SW decreases significantly
from 75 + 1.6 to 73 + 1.2% body wt. When the salinity decreeses

from 100% to 10% SW, at 1508, the water content of the prawn

increases from 75 + 1.4 to 79 + 1.1% body wt.

4, Reverse peristalsis in the hind gut and water drinking by
prawns in different media were cobserved. In normal sea water the
drinking rate was 0.69% body wt/hr (8D + 0.13, n=12}, and it was
reduced significantly to 0.42% body wt/hr (8D + 0.08, n=12) in

70% SW, and to 0.26% body wt/hr (SD + 0.07, n=12) in 50% SW.

209
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AReduction of temperature from lﬁm to 5°C resulted in a decrease

in the drinking rate by about & half.

5. The haemolymph volume, prawns acclimated to different salinities
has been measured. Within the range 10% to 100% SW the prawns
regulated thelr haemolymph volume between 21.52 + 4.76% and

19.44 + 2.28% body wt.

6. The bladder volume of the prawn was measured. An average
value of 2.61% body weight or 12.97% of heaemolymph velume was

recorded,.

7. Urine production of prewns in various media has been determined.
In 100% SW the prawn produced urine at the rate of 0.449% body wt/hr
whilst the rate in 50% SW was 0.93% body wt/hr. In an isotonic
medium (70% SW) the rate was 0.34% body wt/hr. At a salinity
nearly at the lower limit of its tolerance, the prawn is still able
to increase its urine flow to partially compensate for the osmotic
inflow of water, but its water content increases. When the tempg—
rature 1s decreased from 153 to EQQ, the urine flow rate of prawns

in 100% SW decreased from 0.44% to 0.19% body wt/hr.

8. Cr-51 EDTA U/H retios of prawns kept in different salinities
have been measured and there is evidence that water reshsorption
cccurs in the bladder. U/H ratios of 2.34, 2.16, 1.77, and 1.20
were observed in prawns kept in 100%, 70%, 50%, and 10% SW

respectively.

Y. The influence of salimity and tempereture on the osmoregulatory

response of the prewn was determined and the mechanisms which permit
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the animal to adjust its internal fluids to changes in environmental

salinity and temperature are discussed.

10. In & steady state condition the ionic regulation of the DTaWn
in 100% SW involves continuous ingestion of medium and absorption
of univelent ions and water by the gut epithelia. The excess ions
are extruded through the gills and this gives a net uptake of

water to balance the passive gsmotic loss. The antennal glands
serve to excrete divalent ions and reabsorb water. The possibility
that the urinary bladder can function ss a storage organ is
suggested., 1In dilute salinities, the prawn swallows very little
medium, ions are actively absorbed through the gills, and the
psmotic inflow of water is balanced by the production of large

guantities of isotonic urine.

11. The sodium extrusion across the body surface of the prawns
exposed to various degrees of osmotic stress hes been measured,

A feature of sodium transport, Na-K exchange, 1s demonstrated.

The transport system is located on the external membrane since it
is inhibited by ouabain added in the external medium. The Na-K
process is ouabain sensitive, but K+ can antagonize the inhibitory

action of the glycoside.

12. The possible hormonal control of salts and water balance in
the prawn was studied by bilateral eyestalk ablation experiments,

In 100% 8W the haemolymph sodium concentration and the rate of
urine flow of animaels with ligatured eyestalks are similar to the
controls, but there are significant differences in the rate of

water drinking, the haemolymph volume, and the rate of water



reabsorption in the bladder. Eyestalk ablation elevates the

U/H ratio for Cr-51 EDTA of the prawn from 2.34 te 2.94 which
indicates a higher rete of water reabsorption from the bladder than
the normal prawn. This implies that water reabsorption fram the
urinary bladder is controlled by an eyestalk factor. When DraWNS
were subjected to a sudden change from 100% to 50% SW the
haemolymph sodium concentration of animals with ligetured eyestalks
and normal animels both reached a new steady state within 6 hours
after the transfer but the animals with their eyestalks ligatured
maintained a sodium value higher than the controls, In 50% SW,
eyestalk ablation caused no change in rete of urine flow or
haemolymph volume, but it raises the concentration of sodium in

the haemolymph and also the rate of sodium efflux.
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AVI, APPENDIX



Appendix 1. A coefficient of variation of the replicate weighings

of a prawn with reimmersion between weighings.

Heplicate Dead prawn Replicate Live prawn
(g) (g)

1 0.8318 1 2.5418
2 0.8301 2 2.5209
3 0.8228 3 2.52589
4 0.81580 4 2.5234
5 0.8148 5 25266
5] 0.81858 B 2.8276
7 0.8225 7 2,5322
8 00,8130 & 2.5188
9 3.8209 9 2.5256
14 0.8143 10 2.5186
11 0.8112 11 2.5226
iz 0.8127 12 2.5244
X 0.8189 X 2.5258
9.0. + 0.0068 .0, + 0.0045

I

Coefficient of variation = 0.83% Coefficient of variation = 0.17%
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Appendix 3. Levels of significance of the salinity induced
variation in water content of the prawn.

Temp. Sals Water content

(GC) (% 5W) n (% body wt weight) 8.0, df tevalus Probebility

50 18 7570 £ 120 g1 9,541 P<0.001
125 18 72,65 +1.21
5 5 2
. 50 18 75.70 £1.20 5 1 goos -
100 18 94,80 + 1.59
125 18 72.65 1.2k o0 4.8440 P<0.001
100 18 24,84 + 1.59
50 18 75,34 T 2.20 4 g.m198 NS
195 18 20,97 + 2,10
s 50 18 75, 34 224 4 46290 NG
100 18 2,56 + 1,42
125 18 74.97 210 5 g.6783 NG
100 18 24,56 + 1.42
50 18 74.71 23 34 2,430  P< 0,05
125 18 73,23 +1.12
£
o 50 18 74,71 £ 2.3 34 g.6084 NG
100 18 90,36 + 0.74
=
125 18 73.23 12 4 58617 p<0.001
100 18 74 .36 + 0.74
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Appendix 4.

15

25

Analysis of variance,

The snalysis is based on the

percentage of water content of the whole amimal ner

unit wet weight.

Variation
due to

Sal
Fesiduals
Total

Sal
Residuals
Total

Sal
Residuals
Total

af

o
[ AN

5
(3

Sum of
squares

89,1078
92,7612
181.8690

5.4635
195.1846
200.6481

21.61324
122.41852
144.0286

239

Mean sguare

4,5539
1.8168

2.7317
3.8271

10.806%
2.4002

F Praobability
24,4963  P< (0,01
0.7173 NG
4.8024 P< 0,01



Aopandix B.

Sal Variation

Anelysis of variancs,

The analysis is based on the

nercentage of water content of the whole animal ner

unit wet weight,

(% sW) due to

50 Temp

Aesiduals

Total

100 Temp

Hesiduals

Total

125 Temp

Residuals

Total

Appendix G,

Variation
due to

Sal
Temp
Gal x Temp
Residuals

Total

Analysis of variance.

Sum of
sguares

df

Mean sguare F

Probability

P 59,0487 7.,0487 1.7866 Na
51 201.211% 3.9453
53 210.2606

P2 261051 1.0825 0.6163

51 87,0887 1.7076
53 89,1938

=
3

2 52,2659 26,1329 10.9191 P< 0,01
51 122.0603 2. 3933
53 174,3262

The anslysis is based on the

nercentage of walter content of the whole animal per
=1

urnlt wet welght.

af
2

2

4
153
161

Sum of
sguares

73.0582
20.2926
43.1271
410,.3609
546,6388

Mean sguare F

36,5291 13.6200

10,1463 3.7831
10,7817 4,0200
2.6820
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Probability

P< 0,001
P< (.05
P< .01



Apnendix 7. Effect of trensfer to potassium free-sea walter on

sodium ef Tlux from prawns,

No. Wet weight Rete constant of Relative efflux Half time efflux

(g) efflux (hr™) (% 8W control) 100% SW K-free SW

100% SW  K=free SW {(hr) (hr)

1 2.06 0.4332 0.3300 76.17 1.60 2,10
2 2.14 0.3466 0.2688 83.32 2,00 2.40
3 1.83 0.3466 0.2599 75,01 2.00 2.67
4 1.91 0.3150 0.1808 57,39 2,00 3.83
5 3.15 0.3466 0.2632 75.93 2.00 2.63
6 2.89 0.3466 0.2363 68.17 2.00 2.93
X 0.3557 0.2598 72.67 1.97 2,76
50 + 0,0400 4+ 0.0500 + 9,89 + 0,20 + 0,59

Analysis of t-test

Treatment Welght range HRate constant of of t-value orcbability

(g) ef Flux (hrml}
1005 su 0.3557 + 0.0400
(e)
1.83 =« 3,15 10 39303 P 0,008
K~Tree oW 0.2896 + 0.0800
(6]



Appendix B, The relative efflux of sodium From prawns after

transfer from 100% S¢W to 10 mM-K/1l saline.

No. Wet welght BRate constant of Beletive efflux Half time efflux

{g) ef flux (hr”lj (% SW control) 100% SW 10 mM-K/1

100% SW 10 mi-K/1 (hr) {hr)

1 2,06 0.1764 0.1764 100,00 3.893 3,93
2 3.12 0.4415 0.4333 58.00 1.57 1.60
3 2.51 0,2773 0.2773 100.00 2.5C 2.50
4 2.74 0.3109 0.3109 100,00 2.23 2.23
5 2.34 0.2888 0.2853 98,79 2.40 2.43
& 20.6 0.3610 0.3349 52,77 1.92 2.07
X 0.3093 0.3030 58,28 2.43 2,46
S0 + 0.0883 + 0.0836 + 2.81 + 0,81 + 0,78

Analvysis of t-test

Treatment Weight range Rate constant of df t-value oprobability

(g) ef Flux [hrml}
1009 S 0.3093 + 0.0883
(5)
2.06 ~ 3,12 10  0.1288 NS
10 mi-i</1 0.3030 + 0.0836
(&)
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Appendix 9. Effect of transfer to sea water containing ouabain

on sodium efflux from prawns.

No. Wet weight Rate constant of Belative efflux Half time efflux

(g) efflux (hr ") (% SW control) 100% S
100% SW 1009 Sw
+

ouabain
1 2.03 0.3648 0.2559 80.02
2 3.07 0.3466 0.2736 78.93
3 2.52 0.3466 0.2772 79.97
4 1.89 0,.3035 0.2666 87.84
5 2.34 0.4077 0.3300 80.94
6 2,90 0.3923 0.2971 75,73
X 0.3602 0.2840 80,57
5D + 0.0360 + 0.0244 + 3,99

Analysis of t-test

Treatment Welght renge BRate constant of df

(g) efflux (hrt)
100% Sw 0.3602 + 0.0360
(6)
1.89 - 3.07 10
1009 SW 0.2840 + 0.0244
+ ouabain (6)
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(hr)

1.50
200
2,00
2.28
1.70
1.76

t-value op

4,4046

i 1008 W

o

nuabain

(hr)

2.67
2.53
2.50
2.60
Zell]

2633

f\:i
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o

robability

P< 0.005



Appendix 10,

Effect of ouabain on sodium efflux from prawns kept

in normal sea water with addition of 30 mi-K/1.

No. Wet Hate constant of Relative efflux Half time efflux
weight  efflux (hr™ ') (% SW control) 1009 S 1009 S
(g) 100% SW  100% Sw +30mM-K /1
+30mM=K /1. +ouabain
+ouabain (hr) (hr)
1 4,09 0.4332 .3821 B8,99 1.60 1.80
2 2639 0.2971 0.2736 92.09 233 2.53
3 2,40  0.2310 0.2143 92,77 3,00 3.23
4 2.40 0.3175 0.2870 53.54 2.18 Z2.33
5 1,96 00,3999 0.3961 99,04 1,73 1.75
& 2ed7 0.2971 J.2632 B8.58 2233 2,63
X 0.3293 0.3048 92.48 2,20 2.38
SD + 0.0741  + 0.0714 + 3.8076 + 0,50 + 0,56
Analysis of t-test
Treatment Welght range Rate constant of df t-value orobsbility
(g) efflux (hr )
100% oW J.3293 + 0,074
(€)
196 -~ 4,09 10 0.5846 NS
100% 5w -
+ 30mi—K /1 0.3048 + 0,0714

+ auabain

(6)
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Appendix 1l. Weight changes of normal prewns after a sudden

trensfer from 100% to 8509 SW.

Hours after Weight increase (% irmitiel weight)
transfer excratory pores open blocked excretory pores

1 0.84 + 0.83 3.09 + 1.03
(n=17) (n=158)

3 Ue92 + 0.86 5.79 + 1.89
(n=17) {n=158)

5 1.35 + 0.98 8.37 + 2.59
(n=17) (n=15)

12 1.74 + 1.81 11.56 + 1.69
(n=17) (n=13)

24 1.05 + 0.85 16.55 + 1.67

(n=17)} (n=5)

Appendix 12. Concentrations of sodium in total body, haemolymoh,
and urine of prawns in different salinities after

at least three days acclimation,

Sea water Goncentration of sodium (md/1)  U/H ratic Total body
(¢ sw) (Na¥)  Total body Haemolymph  Urine Haemalymph
100 Q?QiQ.S 146+11.0 36&i7.8 Slﬁiﬁ.ﬂ 0.71 0.40
(n=18) (n=18) (n=8)
75 356ﬁ7,3 lE?il@.U SSSiB.O QSQiG.{ 0.78 0.42
(n=8) (n=18} {n=8)
50 233+3.0 1343 8.0  30742.0  268+7.3 0.87 0.43
(n=18) (n=18) (n=18)
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Appendix 13. Efflux of sodium Trom prawns ascclimated in three

selinities at 187G,

Salinity Welight range Rete constant of efflux

% ) () (hr)

100 1.82 - 3.41 » 3817 + 0.0346
(n=30)

70 2,02 -~ 4,39 0.2383 :f; 0, 0264
(n=7)

50 1.82 - 3,15 3.1870 j; 0.0141
(n=6)
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