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CHAPTER I+ INTRODUCTION.



PHYSIOLOGICAL STUDIES ON MARPHYSA GRAVELYI SOUTHERN.

CHAPTER I+ INTRODUCTION.

The growth of our knowledge of osmotic and ioniec
regulation in invertebrates, can be traced from a series
of excellent reviews available on the subjeet (Gurney,1913;
Schlieper,1930,'35; Dakin & Edmonds,1931; Pantin,1931;
Dakin,1985; Krogh,1939; Beadle,1943,'57; Panikkar,1950;
Prosser gt al, 1950; Ramsay,1954; Robertson,1987,'60a;
Shaw,1960¢; Nieol,1960; and Lockwood,1962). It is
comnon knowledge that penetration of brackish waters or
regions of lower salinity has been accomplished by several
marine animal phyla inecluding the polychaetes. Though
predominantly marine, a few like the Nereids have success-
fully established themselves in regions vhere changes in
salinity and temperature are usual (Zenkevich,1957;
Hartman,1960; Smith,1963). Yet others like the Glycerids
and the Nephthids, have been reported from fresh water
(Wesenberg-Lund,1958; Southern,1981). Such independince
over the envirormment has been made possible by mechanisms
for osgmotic/ionic regulation or both., Factors like (1)
passive tolerance of the tissues to lowered salinitiesj
(11) volume or weight control; (1ii) reduction in permea-
bility; (iv) produection of hypo- or isosmotic urine ete.,
have in varying degrees contributed towards the maintenance
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of a relatively constant milisuy iaterieur (Claude
Bernard,1885), without which passage from the sea into

brackish and fresh water would have been impossible.
Study of such species and the fasctors contributing to
their sueccessful survival would aid the elucidation of
problems assoclated with the colonisation of suech diverss
media as the brackish and fresh vaters,

Polychaetes have been observed in various localities
involving considerable dilution of the sea water
(Plorentin,1899; Perronniere,1901; Annandale,1922;
Dehorne,1925), Pearse (1928) examining 18 specles of
polychaetes found that only two viz.,, Laonige viridis
(Verrill) and Nereis virens Sars, could live and be active
'for periods of two to three weeks in one fourth sea water,
but died in weaker solutions'., Nereis virens collected
from the brackish waters of the River Narraguagus, were
able to withstand 2f dilution of the sea water, vhereas
the same speecies from the open sea eould tolerate only 7%
dilution (Topping & Fuller,1942). Olycera dibranchiata
became swollen and turgid even in 50f sea water, the
integument bursting in greater dilutions, On the basis
of their tolerance, Topping & Fuller (1942) have accounted
for the distridbution of these polychaetes in the estuary

of the River Narraguagas. The distribution of Nereis



diversicolor either at Isefjord, Denmark (Smith,1955D)
or at Kames Bay, Millport (Smith,1955a) or in the

Tamar Bstuary (Smith,1956) has also been govaerned by
salinity tolerance of the animal. Neanthes lighti
(=Nereis limnieola), another nereid polychaete, although
could be adapted to fresh water in the laboratory, is
restricted to the estuarine or lacustrine situations in
the Salinas River BEstuary (Smith,1953)., Based on mer-
tality rates vhen exposed to hyposmotie media,
Krishnamoorthi (1962, Appendix 3.) explained the dis-

tribution of Glvgers smbranchiata, Onuphis sremita,
Loimia medusa and Clymene insecta in the Adyar Egtuary

and followed it up with a similar study to understand the
3
distridbution of Diopatra valabilis that occurred in the

same estuary (Krishnssoorthi,1963b, Appendix 6.). Although
the range of tolsrance of a species could be inereased by
gradual acclimation, the response of an organism to sudden
environmental changes, 1is a prime faector contributing

to 1ts successful establishment in diverse situations.

It is common knowledge that the responses to hypoe
and hyperosmotic media are different in different poly-
chaetes as seen in Nerels diversicolor and Nereis gultrifers
(Beadle,1931,'37; Schlieper,1920a & b,'35) and Nereis virens
(Sayles,1935). N. diversicolor being euryhaline, shoved
better powers of volume regulation than either N, cultrifera



or N, virens. When such studies were extended to four
species viz., G, embranchiata, 0. eremita, L. medusa and

C. insecta, it was seen that both in their capacities

for volume regulation and tolerance to hyposmotic media,
they showed differences. All of them, without exception,
inereased in volume. But the extent of inecrease varied
from one species toihsthor. All but 3. gmbranchlata began
to decrease in volume., However, the final volume attained
at the end of 4 hrs differed, once again, from specles

to species. Thus, both the initial inerease in volume

and the final volume attained was the lowest in C. insecta
and the highest in G. gmbranghista and 0. gremita. L. meduss
ranked between the two (Krishnamoorthi,1962). Increase
in volume is less in esuryhaline than in stenohaline forms
(Prosser et al,1950; Jérgensen & Dales,1957). In brackish
vater animals swelling is followed by volume regulation

as reported in a number of polychaetes (Beadle,1931,'37;
Ell1s,1933,'37,'39; Jurgens,1935; Sayles,1985). Volume
regulation, therefore, constitutes a distinet mechanisam.

Passive tolerance of dilute media and/or volume
regulation, although advantageous by themselves, can but
have limited significance for a passage into brackish water
regions, unless accompanied by a reduction in permeability.
Although direect evidence of reduced permeability in the



forms studied by the author is not available
(Krishnamoorthi,1962), the variations in volume con-

trol indirectly indicate the exteant of permeability.
Among the forms studied, in D. variabilisg both the
initial increase in volume and the final volums attained
at the end of 4 hrs were the minimum (Krishnamoorthi,1963b).
The others shoved varying degrees of volume control de-
pending eonceivably upon their permeability.  That the
rate of chloride exchange and the permeability to water,
vere lover in the euryhaline N, divergigolor than in
either ¥. pelagica or N, virens (= N, southerni) was
demonstrated (Bethe,1934; Jérgensen & Dales,1957).
Frotter (1955) also found ia . diversicolor a lover ®Na

exchange than in Perinereis clutrifera. From the above
evidence it is reasonable to accept that D. yariabilis
with its pronouncad euryhalinity and better volume control
would evinece reduced permeability to water. But reduced
permeability alone is insufficient for 1life in media of
lower salinities. Salt uptake is necessary for the main-
tenance of a constant milieu interisur. N. diversicolor
maintains an internal osmotic pressure higher than that

of the outside medium (Schlieper,1929a & b; Beadle,19837)
and this Jérgensen 2 Dales (1957) observed, was due to
active uptake of salts from the medium. While Ellis (1937)
from his studies on the same species visz., N, diversieolor,



from Plymouth and Roseoff, found no active regalation,
Zenkevich (1938a & b) found in forms collected from
different localities, an ability to maintain a higher

osmotiec pressure.

Control over the concentration and quantity of
urine is yet another factor contributing to the eole
onisation of brackish and fresh waters. This has been
vell demonstrated among Crustaceans (see review of
Lockwood ,1962) and not reported in polyechaetes so far
and such evidence as is available is o0nly ecircumstantial.,
Taking into acecount the faet that the more swollen worms
(¥. diversicolor) and, perhaps, with a higher internal
hydrostatic pressure, were able to eoncentrate their body
fluids more rapidly in sm isosmotic media than the less
svollen ones, Beadle (1937) eoneluded that there was some
eircumstantial evidence of the formation of urine hyposmotiec
to the blood, The relatively greater loss of chlmoide
in N, diversicolor when transferred to hyposmotiec solutions

es compared with that in P. gultrifera (2111s,1939) and the
greater permeability to 36 Cl in the former species than
in the latter, led Jérgensen & Dales (1957) to argue that
these factors might contribute to the execretion of bdlood-
isommotic urine. It 1s conceivable, thersfore, that the

kidneys would exhibit structural modifications and size



differences accompanying the production of isosmotie
or hyposmotiec urine, since the importance of nephridia
in volume regulation was demonstrated in the estuarine

fan-vorm, Sabella pavonina, by Bwer & Ewer (1943).
Krishnan (1952) found in comparable species of Nereidae

that in Lycastis indica, a fresh water polychaete, the
nephridia were larger in size and better vascularised than

those of the stenchaline Perdinereis nuntia and Nereis

ghilakaensis. A study of the histology and morphology

of nephridia in 3. embranchiata, 0. gremita, L. medusa

and C. insecta, has revealed that while G. gmbranchiata
possessed nephridia of the protonephromixial type with
simple solenocytes performing the function of exeretion,
the rest of the lpulo_s had nephridia of the mixonephridial
type. Furthermore; the extent of the exeretory surface
available for sxeretion and the blood supply the nephridia
receive, vere less in O, eremita than in C. ingecta.

L. meduga ranked between the two. Such a comparison vas
not possible in the case of G. embranchiata as the cells
forming the nephridium were syneitial in nature. Perhaps
the failure of regulation in J. embranchiata is a direct
consequence of the kind and structure of the nephridia.

It also argues, therefore, that formation of hypo- or
isosmotic urine is more to be expected in C. insectsa than
in either 0. eremita or L. medusa (Krishnamoorthi,1963a,

—

Appendix 8.). However, as observed earlier, conclusive



evidence as provided by his classical experiments on
Oligochaetes (Ramsay,1049a & b), of the formation of
hypo- or isosmotie urine in brackish wvater polychaetes
is not yet available,

Bllis (1987) from his studies of the water and
electrolyte exchangs in N. diversigolor came to the
conclusion that the weight regulation was not accompanied
by osmotic regulation., Beadle (1937) also was of the
opinion that sinece the degree of osmotic regulation was
relatively slight, it could not de considered ef direct
importance for survival in dilute sea water. Isolated
muscle preparations of the euryhaline N. diversicolor
Sontinued ¢to function in dilute sea water better than
those of either Arenicola marina or Perinereis cultrifera

(Wells & Leidingham,;1940a). This as Begsdle (1957) says
"throws doubt on the survival value of its powers of
osmotiec regulation’. Similar studies on whole anterior
ends of Marphysa gravelvi Sou thern, have shown spontaneous
and sustained activity in dilutions ranging from 20f to 50%
sea water of salinity 34%. (Krishnamoorthi & Krishnaswvamy,
1963, Appendix 4.). Perhaps the answer to their ability
to tolerate hyposmotic media may have to be sought else-
where and their capacity for ionie regulation, a field
11%tle investigated in polychaete physiology, would provide
the answer. Cole (1940) found that Agphitrite brunnea



and Jlycera dibranghiats had considerable powers of

ioniec regulation. Arenicola maring has no osmotic
control but in dilute sea water the concentration of

K had become 118, of Ca 113 and of Soq 90% of the same
fons in the external 75f sea water (Robertson,1949).
Krishnamoorthi (1963e, Appendix 7) briefly reported

on the regulation of chloride in M. gravelyi. It is

also possible that maintenance of a constant internal
conecentration is drought about in either of two wayst

ad justment by osmoregulation alone as present in A, marina
and P, oultrifera (Duchatesu et al;1961) or both by osmo-

concentration and intracellular adjustment inwhich free
amino acids are involved, 2s present in the more euryhaline
N. diversicolor (Jeuniaux et g1,1961). That glucose may
also be regulated has been demonstrated in Amphitrite ornats
vhose glucose content not only increased with the length

of exposure but with increase in temperature (Wilber,1948b;
Wilber & MacDonald,1950), Although polychaetes are
essentially ammonotelic, some traces of urea have been
‘reported, without comment, in the coslomiec fluid of
Arenicols (Strunk,1988; Wilber,1948a).

Physiological studies on polychaetes have so far been
mainly concerned with investigations oh the behaviour of
adults. These studies, valuable as they are in their
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contridbution towards the knowledge of polychaste
physiology, can give dbut a partial picture. It {is,
therefore, necessary that such studies are extended

all through the ontogeny of a species to obtain a
eomplete plcture of the regulatory mechanisms of a species
as a wvhole as remarked dy Beadle (1957). In this regard
the experiments of Bogucki (1954) are very interesting.
He cultured N. diversieolor in sea water of 7f salinity
and subjected various developmental stages %o further
dilutions. He found the pre-larval and larval stages
vere most susceptidble to salinity changes, while young
vorms could survive in fresh watar for several months.

The adults were not so resistant, The eggs of M. gravelyi
Southern isolated from their jelly coats, behaved like
osmometers inereasing in dilute media and deere,sing in
hyperosmotic media. The larvae of the metatroecophore
stage showed slight improvement in the tolerance of dilute
media. A progressive inerease in the tolerance of HR
hyposmotic media was noticed in the next stage visz., the
nectochaste stage, vhile the adults could tolerate
salinities over a wide range (Krishnamoorthi,1951b,
Appendix 2.). Another Bunicid, Diopatra yariabilis,
behaved in a manner similar to that exhibited by M. gravelyi.
A progressive increase in the tolerance of hyposmotic

media was noticed through the egzg to metatrochophore to
nectochaete to the adult stages (Krishnamoorthi,1963b).
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Perhaps, as observed by Beadle (1957), a chemical analysis
of the developing regulatory mechanisms would give an

insight into the 'embryology' of osmotic and ionic remula-
tion, a field so far little investigated.

From the precpeding account it is, therefore, clear
that adaptation of a polychaete species tﬂﬁ brackish wvater
envirohment, is a series of adjustments, It is also
obvious that while some investigators have studied only
volume regulation and/or oxygen consumption, yet others
have confined their investigations to one or two aspects of
the physiology of polychaetes. Sinee adaptation of a
species to regimens of lowver salinity, is a sum total of
all responses, the need for studying all aspects in a single
species requires no emphasis, With this objeect in view,
the following study, hitherto unattempted, was undertaken
not only because the brackish waters of Adyar present
features peculiar to a tropical eountry like India
(Panikkar & Aiyar,1937; Rao,1951), but they teem with a
variety of polychaste fauna, Furthermore, Marphysa gravelyi
Southern wvas chosen because among the polychaetes wvhose
distribution in the Adyar brackish water was studied
(Krishnamoorthi, 19634, Appendix 8.), it occurred over a

vide range of salinities and penetrated far higher up
the estuary.



CHAPTER II: MATERIAL AND METHODS.



12

CHAPTER II: MATERIAL AND METHODS.

The conventional methods of exposing the animals
to the stresses of heterosmotic media, was followed to
arrive at the SALINITY TOLERANCE of Marphvsa gravelvi
Southern. The rate of mortality expressed in terms
of percentage mortality, when exposed to different
salinities, was taken as the eriterion to understand the
animal's toleration of media of reduced salinities.
(vide Chapter III, Page /s ),

The displacement method of weighing aquatic animals
using specifie gravity bottles (Lowndes,1942), was
followed for determining the VOLUME and its REGULATION
in Marphvsa gravelyd when subjected to the stresses of
hyposmotic media. (Detalls are given in Chapter IV, Page 2-).

The O0SMOTIC CONCENTRATION of the BODY FLUIDS expressed
in terms of $NaCl, was determined by the comparative
melting point method of Jones (1941) as modified by
Freeman & Rigler (1957) along with certain refinements
suggested by Oross (1954 and personal eommunication) and
Sukumaran (1960). The eolleetion of hody fluids was
aided by the use of capillary pipettes fabricated at
the laboratory from glass tubing (Pyrex). Details are
given in Chapter V (Page - ).
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The STRUCTURE of NEPHRIDIA was followed from

histological sections prepared by conventional procedures
of microtomy. (vide Chapter VI for details. Page /).

The dody fluid CHLORIDES were determined by the
titrimetric method of Sendroy (19837) as modified by
Robertson & Webd (1989). The Volhard's method of
argentrimetric titration was discarded in favour of this
method, since the end point was sharp and clearly detectable.
POTASSIUM and SODIUM were estimated on a Zeiss Flame
Photo-Meter. The total FREE AMINO ACIDS were determined
by the colorimetric method of Harding & MacLean (1916)
chosen in favour of Troll & Cannan (1953), on a UNICAM
Spectrophotometer (SP 600)., Details are given in
Chapter VII (Page 7/.).

All readings given are usually the means of 6 to 10
estimations unlass s»thervise stated. Exparimental media
of desired concentratinns were prepared by adding required
quantities of distilled water &t» Sea Watar of salinity
ranging from 327 to 34%  PFor the estimation of the means,
the standard deviation, the error of the mean and for
applying the Student's 't' test and the Chi-square tests,
Simpson gt gl (1960) and Snedecor (1961) were followed.
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CHAPTER III. SALINITY TOLERANCE

1. Introduction: In a survey (Krishnamoorthi,1963d)
of the brackish water zones of Adayar, Madras, with
special reference to the occurence and extent of pene-
tration of six species of P:Iyohutu, viz., Onuphis eremita

Audouin et Milne Edwards, Glycera embranchiata Ranganathan,
Loimia medusa Savignay, El€lvmens insegta Bhlers, Diopatra
variabilis (Southern) and Marphvsa gravelyi Southern;

it vas seen that the last named polychaete showed the
farthest penetration occuring in fairly good numbers in
waters with salinity ranging from 5f. to 28%.. Their
distribution was explained on the basis of salinity
tolerance as reflected by mortality rat@s, vhen exposed

to heterosmotic media (Krishnamoorthi,1962). The
aeeué;mc of Nereis virens in the brackish waters of the
River Narraguagas vas also explained as due to its tole-
rance to lowered salinity (Topping & Fuller,1942). The
importance of salinity tolerance in the occnrmi'nec of
Noreis diversicolor both at Kames Bay, Millport,
(Smith,1955a) and at the Tamar Estuary (Smith,1956),
although it may have been governed by "competetion and/or
predation” at the Isefjord (Smith,1955b), has been
stressed. In the Salinas River estuary, California,

Neanthes lighti (=Nereis limnigola) is restricted to



the estuarine or lacustrine situations (Smith,1953).

It appeared, therefore, that the rates of mortality
reflecting tolerance of media of reduced salinities,

in Marphysa gravelyi Southern, would help in under-
standing the wide distribution of this worm in the
Adyar estuary. In as much as the salinity range of an
animal could often be extended or shifted to one or
both directions by gradually changing the salt content
of tlu external medium or by rearing the organisms
under different salinity conditions (Sayles,1985;
Kinne,1983 a & b, 'S8; Schlieper;1985), the object of
the present invefstigation being the determination of
the responses to sudden changes to salinity, as obtained
in nature, wvas necessarily restricted to the latter aspect.

2. Material and Methods: Marphysa gravelyi used in
the experiments were collected from the beds of the
Adyar river, vhere they live burried to a depth of one
to two feet in loose, black, muddy soil in knee deep
vaters. Since the soil is loose, it is not difficult
to scoop the mud with bare hands. In faet, shovels,
forks and such other metallic appliances were seldom
used, since more often they caused considerable damage

to the worms while digging them out, The worms wvere
freed from the soll by washing them with water and then



transferred to earthen-pots containing brackish water,
and transported to the laboratory. The worms wvere
reared in glass troughs filled with filtered brackish
vater. The brackish wvater was filtered to keep the
presence of particulate matter to the minimum. Any
worm that showed signs of the onset of death or found
lethargic ﬁﬁi. seperated from the colleetion and never
used for experimentation, Similarly vorms vhich were
not complete were also discarded. The animals were not
fed in the laboratory either during the acelimation
period to laboratory econditions or during experimentation;
and no experiment was commenced until a day after, a
period of time needed for acclimation of the worms to
laboratory conditions. Aeration of the waters was not
absolutely necessary, but as a precaution the aquaria
were aiutod. Often the worms had a tendancy to tangle
themselves into a bolus wvhich caused unnecessary loss

of 1ifes Care vas, therefore, taken to untie them as
often as it oceured. Attempts to keep each worm in a
seperate glass m- with a bore big enough to allow

for an easy passage in and out of the tube with equal
facility, were not fruitful, since they would not readily
take to this habitation, although, in nature, they lived

in burrovs. All dilutions vere made up to the desired
strengths by the addition of distilled water to sea water

16



of salinity ranging from 32¢{ to0 347 . The sea vater
vas also filtered before it was diluted. The salini-
ties of both the sea water and the dilutions made
thereof, were determined by Mohr's method of M
titration, by titrating 10 ml of the sample with Silver
Nitrate solution of strength 23.95 gn/l and Sf Potassium
Chromate as the indicator (Welsh & Smith,1960).  The
stock solution of Silver Nitrate was stored in dark
bottles and vas never used for more than a week once
prepared. The Silver Nitrate solution was standardised
against Standard Sea Water obtained in ampules from the
Hydrographical Ladboratories at Copenhagen, Demmark.

3.1. WMMMW

Experimental Procedurs: A hyposmotic solution of
strength 5. was prepared by adding required smounts of
distilled water to fresh, filtered sea water and 1500 ml
of it was transferred into each of 10 thoroughly cleaned,

previously marked (1 to 10), glass, 2 liter beakers (Pyrex).

The beakers containing experimental animals were main-
talned at room temperature of 29,5 & 0.5 C by immersing
them in a large trough containing water. Into each of
the beakers, 100 vigourous vorms more or less of equal
length, seleacted from a common pool, were transferred.

1 ¥



The number that died at the end of every 24 hrs in
each beaker over a period of 96 hrs was recorded.
Observations were discontinued after 96 hrs, since
trial runs of experiments had shown no significant
inerease in the mortality rates beyond that period.
From the inittni nugber of worms 1ntroﬁnno¢ into

each beaker and the number that died at the end of

24 hrs, the po;otntigo rate of mortality was o simple
caloculation of rule of three. The percsntage rates .
of mortality at the end of 48, 72 and 98 hrs was,
however, arrived at from the mumber of survivers at
the end of the priéioua day ang the number that died
during the corresponding 24 hour period. In other
vords, attempts to maks up as iaiy numbers that died
vere not resorted to, since reaction of fresh worms
would, obviously, be different from those that are
already some hours old to the experimental medium and
may, therefore, vieiate the results if taken into account.

Results: A perusal of the table and the figure
(Table I, Fig.1l.) elearly shows that the rate of mor-
tality in this salinity (5%.) was as high as 13.58 at
the end of 24 hrs., [Further, there is a progressive
increase in the rih of mortality, 19.4% of them dying
at the end of 48 hrs; 32.5f at the end of 72 hrs; and
reaching the highest rate of mortality, 68.5%, at the

18
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Fig.l1. Histogram sh percentage rates of mortality after ogry 24 hrs
over a period of 96 hrs in media of salinities, Sf., 10% , 16%
and 28%. . Temp.: 29.5 2 0.8C.



TABLE.

I.

£ Mortality after daily periods in beakers

Time
m - - - - - - W e e S
Hours. 1 2 3 4 5 6 T 8 2 10 Mean s.d. s.0.
24 16 12 8 17 10 11 18 20 13 10 13.5 4.41 ¥1.39
48 14 13 25 28 12 26 23 14 16 23 19.4 6.16 -=1.95
72 41 32 31 21 42 21 32 42 42 21 32.5 9.44 2,99
96 71 62 82 71 53 61 81 73 60 73 68.5 9.36 ¥2.96
Table.I. Percentage rate of mortality after every 24 hrs over a period of

96 hrs in a medium of salinity S%. .

Temp.: 29.5% 0,5 C.
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end of 96 hrs. A salinity of 5. could perhaps de
the lowest limit that M. gravelyl would tolerate.

3.2 Rate of mortality in a hyposmotic medium of sali-
II!E lzc °

An experiment similar in procedure and design to
one detailed above was performed but with a hyposmotie

medium of strength 10% .

ults: Unlike in the previous salinity of s%.,
the tolerance of M. gravelyl to this salinity (10%.)

was different as reflected by the rates of mortality at
the end of 24, 48, 72 and 96 hrs, The highest rate of
mortality at 10.3f was evident at the end of the first day
(24 hrs.) and then there was a fall to 1,7f at the end of
48 hrs (2 days). During both the 3rd and the 4th days
1,0., at the end of 72 and 96 hrs, the psrcentage of
mortality was only 0.8f (Table II, Pig.1.). These results
indicate that a minimum period of 24 hrs 1is required to
get acelimated to this salinity and further, that the
highest rate of mortality is observed during this period
of acclimation,

3.3. Rate of mortality in a medium of salinity 1go .

Results: At this salinity, 16%., the highest rate

(5.1%) of mortality was obsarved at the end of the 2nd day
(48 hrs), (Tadble III, Fig.1.). The wortality rates between



TABLE. II.

- - - -

Time
in -

Hours. 1 2 3
24 é 10 8
48 2 2 1
72 1 2 1
26 nil nil 1

12 15 10 10 8 11 13

1

2

1

1 2 2 3

1l nil nil 1 1 nil 1

2

2

1

1 nil nil 1

Table. II. Percentage rate of mortality after every 24 hrs over a period
of 96 hrs 15 a medium of salinity 10%. Temp.: 29.5 % 0,5 C.



TABLE, IIIL

) e D S . - - - -

Time ;-Iloruut; after dally periods in beakers

- 1 2 3 4 5 67 8 9 10 Mean s.d. s.e.
24 2 1 nilnil 2 nil 1 nil nil ntl 0.6 0.84 20.26
48 § 6 6 8 2 6 8 8§ 3 2 §.1 1.50 Z0.47
72 1 1 nilnil 1 1 nill nil 2 0.7 0.68 0.21
96 2 nil 1 1 2 nill 2 nilnil 0.9 0.73 20.84

o S S D D D S A s - - - - - -

Table. III. Percentage rate of mortality after every 24 hrs over a period
of 96 hrs in a medium ofsalinity 16f.. Temp.: 29.5 & 0.5 C.

L K
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1st and 3rd, 3rd and 4th days vers not significant (<0.1%).
The highest rate of mortality (5.1f) noted at the end of the
2nd day at this salinity (16%.) 1is low, compared to the
figures ohtained in 10%. (1st day) and 5%. (any day).

This observed variation, at best, could be due to differ-
ences between individuals.

3.4. Rate of mortality in hyperosmotic medium of salinity

Resgults: The salinity in the Adyar estuary reaches
upto 28%., Tha rate of mortality at this salinity was
the highest (3.3%) at the end of 24 hrs (e.f. 10%.).
During the following three days, however, the mortality

ratas wvere very low, ranging between 0.2 to 0,7 per cent.
At the end of the 4th day it was only 0.6% (vide Table IV,
Fig.l). It appears, that M.gravelyi is capable of sur-
viving even as high a salinity as 28%, , and, perhaps, this
marks the upper limit of salinity tolerance of this animal.

4. Remarks: The importance of the above studies
to aceount for the wide distribution of Marphysa gravelyi

in the Adyar estuary, would gain significance only when
it 1is viewed against a backzround of similar studies con-
ducted on other species of polychaetes viz., 25335&5

sremita, Glycera gmb ata, Loimia medusa and Clymens
insecta (Krishnamoorthi,1962) and Diopatra varalabilis



TABLE IV,

- D S S D e Y D W D - - -

Time £ Mortality after dally periods in beakers.

Eours: 1 2 3 4 5 6 7 8 9 10  Mean s.d. S.e.
24 5 2 2 4 3 6 2 2 3 4 3.30 0.45 20.14
48 1 1 nil 2 1 nilnil 1 1 nil 0.70 0.67 0.21
72 nil nil nil 1 nilnil 1 nil 1 nil 0.30 0.48 20.15
96 1 1 1 nilnil 1 nil nil 1 1 0.60 0.27 Z£0.09

Table. IV, Percentage rate of mortality after every 24 hrs over a period
of 96 hrs in a medium of salinity 28% . Temp.: 29.5 £ 0.5 C.



TABLE V.

D e W S S WP TR W S e a5 D s D D St St EE T e WD D D S WD G W e o e D D T D WP D WS W WDy W O N AR e - - —— -

£ Rate of mortality of spoctns of polychastes at the end 24 hrs in
Concen- hetarosmotiec media.

tr‘tlon - D D SR D ST R S R e e WD A TP WS P WP N S AP S T S an G A ey e P o S D T W W w n -— —— - — -

of the 8. embranchiata 2. eremita L. meduss C. insecta Rzﬁm

i

24 48 72 96 24 48 72 D6 24 43 72 96 24 48 72 96 24 48 72 96 24 43 72 96

28 3.3 0.7 0.2 0.6
25 9 0 0 O

18 26 45 82 08 22 41 85 ©8 24 44 S2 98 12 16 18 26

17 10 10 15 20

16 42 56 86 98 36 87 88 98 08 100 -« - 24 32 48 69 0.8 5.1 0.7 0.8
10 298 100 - - 100 -« =« =« 100 -« - = 5563 74 98 10.3 1.7 0.8 0.8

8 2?3 32 48 67

5 13.5 19.4 32.5 68.5

D D . S DD - - e G e P S W - . . D D R D WD D T T e S WD e e e O e e i W D A s

Table V. Rate of mortality in heterosmotic mediz over daily periods.



(Krishnamoorthi,1963b), coinhabitants with M, gravelyi
in the Adyar estuary. Summarising, it will be seen
(Table V) that M. gravelyi suffered a rate of mortality
as high as 68.5f only in the lowast salinity of Sf. and
that after an exposure extending over a period of 96 hrs
(§ days). Whereas D. variabilis registered an almost
similar mortality rate (67%) in a lower salinity (8%.)

at the end of 96 hrs, the others namely C. insegta could
not tolerate a salinity of even 10%., the rate of mortality
reaching as high a percentage as 69f even in a salinity
of 16%:, at the end of 96 hrs. This (16%:) seems to be
the lowest salinity limit of the other three polychaetes,
G. embrachiata, 0. eremita and L. medusa. The last

named three species showsd considerable rates of mortality
even in a salinity of 18%. . Although the rates of mor-
tality of C. insecta were not as high as those of 3, embran-
ghiata, 0. ersmita and L. medusa in this salinity (18%.),
the rates are significantly high and, perhaps, would be
considerable if the experiment had continued deyond a
period of 96 hrs since a steady inerease in mortality from
24 to 96 hrs is seen. In a medium with 25f. , there were

no deaths for D. variabilis, 1In the absence of similar
investigation with an expsrimental medium of 28%. , it is

difficult to say whether D, variabilis ecompares well in

its salinity tolersnce with M, gravelyl which tolerated

21



fairly well this salinity. However, in naturs, it

oceurs almost in equal proportions in regions wvhere

M. gravelyi oceurs. (Krishnamoorthi,1963d). Consi-
dering this, it eould probably, be said that D. variabilis
shares one feature in common with M. gravelyi i.e.,
tolerance of higher salinities, but not as low a sslinity
as 5f., the lowest tolerance limit of M. gravelvi. In
the light of these findings, the wide distribution of

M. gravelyl to regions ranging over as v ide salinities as
from 5F to 28% , becomes intelligibla. In the basis of
tolerance of reduced salinities, Topping & Fuller (1942)
traced the Aistribution of Y. yirens in the River Naraguagas
estuary. Out of 18 species of Polychaetes, Pearse (1929)
found only Laonice viridis and Nereig virsns capable of
vithstanding one fourth sea water for pariods of two to
three weeks, but died in weaker in solutions. Sndurance
of reduced salinities alone would be of little advantage,
unless aceompanied by equa’ly developed abilities for volume
eontrol, sinece polychaetes are known to increase in volume
when transferred %n hyposmotic media (Beadle,1931, '37;
Bl11s,1933, '37, '39; Jurgens,1985; Sayles,1935; Jérgensen
& Dales, 1957; Krishnamoorthi,1962, '63b). In order to
understand the regulatory ability of M. gravelyi over
volume when subjeectad to stresses »f hyposmotic media,

the f91lovwing series »f experiments were planned and
performed.



1.
2.
3.1

3.2

3.3
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CHAPTER IV: VOLUME REGULATION.
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CHAPTER IV, YOLUME REGULATION.

1. Introduction: It was seen in the previous
section that Marphysa gravelyi Southern tolerated

lowered salinities over a wider range - Sf. to 28f.,

than any other polychaste studied from the same region
viz., Glycera embranchiata, Onuphis eremita, Loimis medusa,
Clymene ingegta (Krishnamoorthi,1962) and Diopatra yari-
abilis (Krishnamoorthi,1963b). The inequal distribution
of this wvorm in Adyar estuary may be explained as due to
its ability to tolerate low salinity as indicated by
mortality rates. Further, it vas suggested that

the tolerance of dilute media alone would be in-
sufficient unless matched with equal abilities for
regulation of volume. It is common knowvledge that

vhen polychaetes are transferred to dilute media they
increase in volume. It has been demonstrated that the
rate of inerease in volume is pronounced in stenohaline
forms than in euryhaline forms; and that in euryhaline
species swelling is frllowved by volume regulation. BEven
among the members of the same genus, varying capacities
for volume regulation have been reported. Thus Nereis
diversicolor showed better abilities over volume control
than sither Nereis pelagics (Sechlieper,1929a & b) or
Nereis gultrifera (Beadle,1931,'37). The volume regula-
tion was less developed in Nereis virens (= X. gouthareni)



than in X. diversigolor (Sayles,1985) and that ¥, yirens
could be placed intermediate between N. pelagica anmd

N. diversicolor in their capacities for volume regula-
tion has been shown (Jgrgensen & Dales,1957). A
suggestion that the differences in volume regulation

may also be a consequence of the geographical location
of the animal and could be racial in character wvas
offered by Ellis (1935) when he found that the ssme
species of N. diversicolor collected from Roseoff
vaters showed a volume regulation different from those
that were ¢ollected from Bangor, although it has now
been disproved by Smith (1985c).  Nevertheless, the
faet that volume regulation could constitute a distinet
mechanism enabling brackish water forms withstand changes,
however big or moderats, in the salinity of the medium,
is muca;blo. In the light of the above observations,
a study ofﬁ the capacities for volume regulation in

M. gravelyi appeared the next most obvious course.

2. Material and Methods: Volume changes were
followed by the displacement method of weighing aquatie
animals using specific gravity hottles as described by
Lowndes (1942). The method is as follows: The volume
of the specific gravity bottle is first determined by

oL

f1l1ling it with a given sample of sea water dilutions

24
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of sea vater and the contents being poured into

excess of Silver Nitrate solution, from which a
definite quantity of silver halide 1s obtained,

This will give the weight of the silver halide pre-
sent in the quantity of sea water contained in the
specific gravity bottle. If now the specific gravity
bottle is filled with the same sample of sea water
together with the wvorm and the water contained in

the bottle is carefully poured out inte excess of
S8ilver Hitrate solution of the same concentration as
used previously, a smaller weight of silver halide will
be obtained, since the worm would have occupied some
space vithin the bottle.  Therefore, the amount of
silver haldie so obtained would faithfully record any
change in the voluma of the animal. From these two
veights of silver halide thus obtained, the calculatiom
of volume i5 a simple procedure adopting the formulae
governing ihc two (Lowndes,1942). An ordinary specific
gravity bottle of 25 ml was found quite suitable. All
precautions in the esllection of the s ilver halide

by filtration were taken and generally drying in a
hot-air ovefn at 200 C overnight was found adequate.
Whatman Filter Paper No.2 only was used and the weight
of the filter paper was also taken into consideration
to arrive at the ahsolute weight of the silver halide



so collected. The error due to adhesion of water to

the animal was eliminated by rinsing the animal with
isotonic solution every time the animal was introduced
into or removed from the “ottle. The isotoniec solu-
tion was prepared according to the recipe given by
Lowndes (1942). The method was found quite suitable,
since the animal could be easily introduced into the
narrov neck of the specific gravity bottle, without
disturbing much the animal while transferring it from
the experimental medium into the specific gravity bottle.

Experimental Progedurg: The initial volume of

10 wvorms of more or less equal size, selected from a

common pool, was determined. Another batch of 50 worms

similar i1 size to that of the former bateh, also selected

from the common pool, was transferred into 1500 ml of
hyposmotic medium (salinity 6f. ), contained in clean,

2 1liter, glass beakers (Pyrex) previously marked 1 to 10,
Undue variation in temperature was prevented by keeping
beakers in large troughs of water. The experiments
vere conducted at 27.5 £ 0,5 C, The dilute media

vas prepared as usual from sea water of salinity ranging
from 32%. to 34f., It was filtered. At the end of
every hour a worm from each of the beakers, wvas selected
and its volume determined. The experiment was continued

26
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over a period of 24 hrs; and since preliminary ex-
periments had shown that there was no appreciable
change in volume biymﬂ this porlod; further obser-
vations were discontinued and the experiment terminated.

Resultsg: The volume 1in all the worms reached
the maximum percentage increase (40.49%) at the end
of 1st hour (Table VI, Pig.2). Thereafter there
vas a steady fall reaching the lowest volume viz,,
4.29% at the end of the 4th hour, Beyond the 4th
hour, intermittant inerease and decrease in the wvolume
were noticed. But the inerease was never as high as
that observed during sither the 1lst or the 2nd or the
3rd hours vhen the percentage increases were 40,49%,
31.90f and 12.27f raspectively. The initial increase
in volume 1is perhaps, due t» absorption of water from
the medium against an osmotic gradiant and the subse-
quent fall a eonsequence of loss of salts as reported
in a nmumber of polychaetes viz., N. diversieolor,
N. palagica, H. yirens, Perinereis cultrifera
(Schlieper,1929a & b; Beadle,1931, '37; Sayles,1985;
Jérgensen & Dales,1957); 1in N. limnicola (=Neathes lighti)
(Smith,1986,'59); in Opuphis sremita, Loimia medusa and
Clymene insecta (Krishnamoorthi,1962) and in Diopatra
variabilis (Krishnamoorthi,1963b). The oseillations

in the volume after the 4th hour, are, perhaps, individual
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Fig.2. Indicating changes in volume after every hour of exposure to a
hyposmotic medium of &f. over a period of 24 hrs. Temp.!
29.5 £ 0.5 C. BEach point is the mean of 10 estimations.
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Time
in
Hours.

1

2 3 4

Iﬂltl.lo

gﬂﬂﬂﬁmh@ﬂﬁ‘

1.6
2.3
2.2
1.8
1.7
1.8
1.7
1.6
1.9
1.8
1.7

1.8 1.5 1.7 1.6 1.6

2.4 2.1 2.3
2.0 2,1 2.2
1.9 1.8 1.8
1.7 1.6 1.7
1.6 1.8 1.8
1.6 1.5 1.9
1.6 1.5 1.6
1.2 1.8 1.9
1.7 1.6 1.7
1.7 1.6 1.5

Table. VI.

—rtnal volume in ce after hourly periods

- e -

2.3
2.2
1.7
1.8
1.7
1.7
l.4
2.0

1.6
1.7

TABLE VI,

in beakers.

D A A S S e D D - G A G D S A ) A mR W G A S -

Mean s.d.

6 7

2

10

2.4 2.2
2.2 2.1
1.8 1.8
1.7 1.7
1.7 1.7
1.7 1.7
l.4 1.6
1.8 1.9
1.8 1.8
1.7 1.8

2.3
2.1
1.8
1.7
1.7
1.8
1.6
1.9
1.7
1.7

1.8 1.5 1.6

2.3
2.2
1.9
1.8
1.8
1.8
1.8
1.8
1.6
1.7

1.6
2.3
2.2
2.0
1.6
1.8
1.7
1.6
1.8
1.8
1.7

. - —

1.63
2.29
2.15
1.83
1.70
1.74
1.71
1.67
1.77

1.71
1.68

Inerease 1in

Volume
s.e. Actunal £
0.336 20.120 - -
0.260 -0.090 0.68 40.49
0.022 20.007 0.52 31.90
0.080 %0.030 0.20 12.27
0.020 10.007 0.07 4.29
0.070 £0.020 0.1l 6.74
0.340 30.110 0.08 4.91
0.450 X0.150 0.04 2.45
0.400 <0.130 0.14 8.59
0.090 20.030 0.08 4.91
0.080 X0.030 0.0S5 3.07

Volume changes after every hour of exposure over a period of 24 hrs to a
hyposmotic medium of salinity 6%f. . Temp.: 29.5 ' 0.5 C.



efforts of the worm to keep down the increase in
volume. Aiilo it is seen that the final volume
attained at the end of the 4th hour and maintained
till the 24th hour, 1is alwvaxys higher than the
original volume., The final volume ranged between
2.45¢ to 8,59%.

3.2. Volume Regulation over a psriod of hrs in
osmotic ium of strength 8%, .
An experiment similar in approach and plan, was
performed, but with a hyposmotic saline of strength 8% .

Results: It may be seen that in this salinity
21892 as 12 the previous hyposmotic medium, all the
worms svellad to the maximum of 36,137 at the end of
the 1st hour and suhbsequently decrsased in @ volume
t11l1l the end of the 4th hour, the percentage increase
in volume noted at the end »f the 4th hour being 2.58%
(Table VII, Fig.,3). It steadily increased to 9.03%
till the snd of the 7th hour, only o fall to 2,58%
at the end of the 24th hour, In other words, the final
volume reached at the end »f the 4th hour upto the 24th
hour, must be due to similar faectors as that prescribed

for the hehaviour of the worms in the previous experiment.

Howaver, one observation is irressistable, i.e., the

final volume attained at the end of the 4th hour and

24
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Fig.3. Indiecating changes in volume after every hour of exposure to a
hyposmotic medium of &¢. over a period of 24 hrs. Temp.:
29.5 2 0.5 C, Zach point is the mean of 10 sstimations.



TABLE VII.

D WS - S W D e S e N D G A D D S N D S D . -

Final Volume in ecec after hourly periods Increase in
A L. S ST
Hours. 1 2 3 4 5 6 7 8 9 10 Mean s.4. . 8.e Actual 4
Initial. 1.5 1.6 1.7 1.5 1.5 1.5 1.6 1.6 1.5 1.5 1.55 0.020 ¥0.016 - -
1 2.1 2.2 2,0 2.1 2.1 2.0 2.2 2.1 2.1 2.2 2.11.0.230 =0.017 0.56 36.13
2 1.8 1.9 1.7 1.8 1.8 1.8 1.7 1.9 1.8 1.7 1.79 0.230 20.017 0.24 15.81
3 1.7 1.7 1.5 1.6 1.6 1.6 1.7 1.7 1.7 1.6 . 1.64 0.220 20.015 0.09 5.81
4 1.6 1.6 1.7 1.7 1.5 1.5 1.6 1.6 1.5 1.6 1.59 0.230 X0.017 0.04 2.58
5 1.6 1.5 1.6 1.7 1.6 1.7 1.7 1.5 1.6 1.7 1.62 0.250 20.017 0.07 4.52
6 2.7 a7 107 1.6 1o6 1.7 3.7 1.2,2.68 1.7 1.87 0.180 20.007 0.1% 7.81
7 1.8 1.6 1.8 1.7 1.6 1.7 1.6 1.8 1.7 1.6 1.69 0.270 20.085 0.14 2.03
8 1.6 1.6 1.5 1.6 1.6 1.6 1.5 1.5 1.8 1.7 1.60 0.094 0.030 0,08 3.23
23 1.6 1.6 1.5 1.5 1.6 1.6 1.7 1.7 1.8 1.6 1.61 0.090 ¥0.028 0.06 3.87
24 1.6 1.5 1.6 1.6 1.5 1.5 1.7 1.6 1.7 1.6 1.59 0.075 20.024 0.04 2,58

- - - D —— - DD S S R S - —— e . D D WE Y Y W - _——_— - -

Table. VII. Volume changes after every hour of exposure ovaer a period of 24 hrs to
hyposmotic medium of salinity 8%, , Temp.: 29.5 } 0.5 C,



maintained at that volume till the end of the 24th
hour is not only higher than the original volume,
similar to the behaviour of the worms in the previous
salinigy, but more or less of the same magnitude as
that attained in the previous hyposmotiec medium,

Another sxperiment identical in procedure to the
previous experiments, was performed with but one de-
parture. The experimental medium had a slightly
higher concentration, vis., 13% .

Results: In this medium also ths responses of the

wvorm were not disimilar from those observed in the two
previcous media (Table VIII, Fig.4). They attainei the
maximum volume of 25.60% at the end of the 1st hour; and
as in the previ-mma #wsy aniinitias, the vnlume subsequently
decreasal reaching the minimum of 1,198 at the end of

the 4th hour, Thareaftar, till the end of the 24th

hour, th2 volume fluctuated between 1.19% to 6.55%f, the
latter percentage inerease ragisteraed at the end of the
6th hour., The same factors are, perhaps, applicable to
explain the responses o»f the worms nhserved in the present
experiment ton. fHowever, while tha final volume fluctua-
ted in the present medium between 1,19¢ and 5.36f, similar

ranges were higher in the two pravious media.

24
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4. Remarks: In all the experiments the behaviour
of Marphysa ghavelvi vas consistantly similar. It
attained the maximum volume at the end of the 1lst hour
and subsequently decreased to the lowest value observed
at the end of the 4th hour. Thereafter, it vas
characterised by interimittant rises and falls till the
end of the experiment i.e., 24 hrs. M. gravelyi, thus,

resembles Noreis diversicolor and Nereis palagica

(S8chlieper,1929a & b); N, diversicolor and Perinereis
cultrifera (Beadle,1931, '37); Nereis virens (Sayles,1935);
N, virens, X. pelagica and N. diversigolor (Jérgensen &
Dales,1957) and Nereis limuigola (Smith,1959) in its
response to hyposmotic media., Howvever, even in this
similarity of pattern, there is yet a difference apparent.
The magnitude of inerease in the volume at the end of

the 1st hour as well as the final volume attained and
maintained from the 4th to 24th hour were different in
differsnt hyposmotic media. While the maximum inerease
in volume 11 hyposmotic media of strength 6f. was 40.49%,
the respective increases in volume in media of salinities
8f. and 13% were 36,13f and 25.60f. Similarly, the final
volumes reached in sea vater diluted to have a concen-
tration of @f. , 8% and 13% were 4.29f, 2.58f and

1.19f respectively. In other words, both the initial
inerease in volume and the final volume attained is,



perhaps, a function of the dilution of the experi-

mental media. Once again, the responses of M. gravelyi
to the stresses of hyposmotic media, are, thus, not far
different from those observed in N. diversicolor, N. yirens,
N. pelagica, Parinereis cultrifera and N. lighti
(Schlieper,1929a & b; Beadle,1931, '37; Sayles,1935;
Joregensen & Dales,1957; Smith,1959), But the magni-
tude of change in volume under identical stresses of an
hyposmotic or hyperosmotic media, was more in N. yirens
than in §. diveraicolor (Schlieper,1929a & b). P. gultri-
fara swelled considerably compared with N. diversigolor
(Beadle,1981), while N. virens ranked between N. pelagica
and N. diversicolor (Jgrgensen & Dales,1957). The
extent of volume change in M. gravelyi, therefore, would
be significant only wvhen compared with similar parameters
obtained from the responses of other polychaetes vis.,

G. embranchiata, 0. eremita, L. medusa and C. insecta
(Krishnamoorthi,1962) and D. yariabilis (Krishnamoorthi,

19€3b) that coexist with M. gravelyl in the Adyar estuary.
It has already been shown that volume control in C. insegta
vas better developed than in either O. gmbranghiata or

L. pedusa or Q. gremita, since the magnitudes of increase
in volume and the final volume attained at the end of the
experiment were the lowvest compared with those of L. meduss
and 0. gramita (Krishnamoorthi,1962). Between C. insegta



and D. yariabilis the latter exhibited better capacities
for volume regulation (Krishnamoorthi,1963%). Cogparing
the increase in volume of D, yariabilis with that of

M. gravelyi in hyposmotic media of salinities 8f, and 137,

it wvould be seen that, wvhereas the percentage increase
in volume at the end of the 1lst hour in the mspectivs
dilutions were 50% and 36% for D. variabilis, similar

figures for M, gravelyi wvere only 36f and 25¢. Also
the final volumes attained were lower in M. gravelyi
than in D. yarisbilis. In M. gravelvi, therefore, the
mechanism of volume regulation is far superior to that
obtained in other forms. Obhssrving lesser degree of
swvelling in N. limnigcola obtained from Lake Merced than
in those from the estuary Walker Creek, Smith (1959)
suggested better volume control in the former population.

The inerease in volume in M. gravelyi is, prodadbly,
due to absorption of water against an osmotic gradiant,
in agreement with the observations of earlier vorkers
in the field of physiology of Nereids. But the differ-
ences in the magnitude of inerease could only be a reflection
of the extent of permeability. Among the polychastes
studied (Krishnamoorthi, 1962, '63b), M. gravelyi shows
the lowest rate of increase in volume and, therefore,
the rate of permeadility in this worm is, perhaps, the
lovest. Jdrgensen & Dales (1957) following the vélm



changes in three species of Nereids vis., K. yirens,
. pelagica and N. diversigolor, suggested anl later
proved with experiments involving use of radio active
tsotope, C13% that the lower values of inecrease in volume

in N. diversigolor could only be due to it being less

permeable than Perinereis gultrifera. In the light of
recent evidences let in (Smith,1963) that quicker rate

of loss of salts may also be advantageous, a reduction
in permeability coupled with the above factor gay con-
sideradbly increase the chances of establishment of a
species faster to a changing enviromment., Although
similar studies in M. gravelyi must await future inves-
tigation, the observed rate of increase in volume deing
comparatively lower, offers itself an explanation that
in M. gravelyi the rate of permeadbility is the lowest.

Factors like tolerance of salinity over a wider
ranges greater capacities for volume regulation and
reduction in the permeadbility, admiradble and meaningful
as they are, for a successful penetration into and es-
tablishment of a polychaete such as M. gravelyi in
brackish vaters, fail to ansver the question of main-
tenance of a constant internal concentration, a factor
equally profitable and necessary to meet the hasards of
a changing enviromment. If it is assumed that the
initial increase in volume in M. gravelyi is due to
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absorption of water against an osmotic gradiant and

the subsequent decrease a consequence of loss of salts,
such an assumption presupposes proronnﬂ' changes in the
body fluids, any imbalance of which would be disastrous.
It appeared, therefore, that the next stage in the
course of the present iavestigations, should be directed
to the study of body fluids and 1%s consequential
changes as reflected by the depressions in the freezing
point, under ltﬂuci of heterosmotic media.

L
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1. Introduction: Among the invertedbrate phyla,
no other group shows peak of osmotic independence in

all the forms known to secience, better than the
Crustaceans. Here, one comes across the conformers,
the blood being isosmotic with the medium over the
entire salinity range tolerated. There are the
regulators, some being hyperosmotic in the lower
dilutions but becoming isosmotic in more concentrated
solutions. Yet others being hyperosmotic in dilute
and hyposmotiec in higher coneentrations (see Lockwood,
1962, for an exhaustive treatment). Although poly-
chastes have not achieved an osmotic independence
comparable with that of the Crustaceans, yet there

are the conformers represented by Arenigcola mariana,
Nereis palagica and Perinereis sultrifera which show
very little swelling and adjust their osmoconcentra-
tion to suit the strength of the medium in which they
are bathed (Schlieper,1929a & b). Forms like Nereis
diversieolour, howvever, regulate their body fluid
concentration sugh that it is hyperosmotic in dilute
media and {isosmotic in highor concentrations
(Schlieper,1929a & b; Beadle,1937; Smith,1985¢).

Further, in N, diversicolor, a regulator, the mechanism

for volume econtrol is detter developed than either in

3H



Nereis pelagica or Nereis virens or Perinereis cultrifera
(Sehlieper,1929a & b; Beadle,1981, '37; Sayles,1935;
Jérgensen & Dales,1957). It was seen in the two previous
sections, that Marphysa gravelyi Scuthern no;cf only exhi-
bited tolerance of lower salinities over a wider range
but its capacities for volume regulation were far
superior to any other polychaste studied (Krishnamoorthi,
1962, '63d). These features of Marphysa gravelyi
prompted the following investigations to understand its

abilities for osmoconcentration under stresses of hypos-
motic media.

2. Material & Methodst The method followed was
basi cally similar to ths comparative melting point method
of Jones (1941) as modified by Rreeman & Rigler (1057).
In prineiple it requires comparison of melting time of
known eoncentrations of NaCl solutions with those of
unknown solutions such as body fluids of animals. In
the present method refinements like the use of polaroids
and a binocular microscope to observe with as suggested
by Gross (1954 and personal communication), facilitated
timing the disappearance of the last erystal. A series
of capillary tubes of sizes usually ranging from 6 to 8
em in length, and with an uniform bore of 0.1 mm, were
selected, thoroughly cleaned with Teepol (B,D.H.), washed
in distilled water and dried in a hot-air oven overnight
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at 200°C, This proudm besides freeing the tubes

of any contamination, helped in rapid introduction

of either the NaCll samples or body fluids with the aid

of capillary action alone. More often the latter
failed, perhaps, due to some contamination in the dore.
Suech tubes vere discarded and never used till a free flow
vas ensured by repeated washings., WaCl soluticas of
known concentrations ranging from 0.1f to 1.0f at 0,1
intervals and from 1f to 5% at 0.5f intervals were care-
fully prepared and since the melting time of these con-
centrations formed the basis for comparison with the
unknown, particular attenticn was paid in their prepara-
tion., These prepared solutions wvere introduced with

the help of a glass pipette with a fine drawn-out noszle
also prepared at the laboratory from glass tubing (Pyrex),
such that each tube eontained about 6 to 10 ecolumns of
0.2 mm in size and each column was sandwiched detween
columns of paraffin oil ranging in size from 0.5 to 1 em.
The ends of the capillary tubes were sealed with sealing
vax. Depending upon the availablility of dry-ice (Solid Cog),
they were ﬁmr transferred to a deepfreese for later
examination or immediately utilised for estimation of the
melting time. For determining the melting time, they
vere quick frosen in dry-ice and trné‘fornd into a glass



trough of sise 10 x 4 x 4 c.oms containing 94 £ algohol
previously 2osled in a refrigirator. To easure constaney
of temperaturs of tha alechol at 2 C at which the malting
time wvas noted, the entire tr-ugh was encasel in another
transparent polythene box with dry-ice packed between

the glass trough and the outer box on all sides sxcept

at the bottom anl! the top. A stirrer gently rotating,
kept up a constant eirculation of the aleshol also aimed
at the maintenance »f a constant temperature. Addition
of suitadble quantities of dry-ice encasing the glass
trough helped in dringinzg down the temperature of the
aleohol to the required lovel i.e., a% 2 C, vhenever it
shoved signs of shooting up. The entire process cf
melting was observed under a hinoeular microscope (Leits)
vith a built-in {1llumination, at a eonstant magnification
and with the help of a peir of polaroids. One plece of
polaroid was plased in between the tr-~ugh and the source
of {llumination and the other was plgced over the trough
but delovy the objectives. The plane of the second
pf_lmid, since in practise this was easier than the
adjustaent of the first polariod, was rotated in relation
t> the plane of the first pslarisd, sl until the frosen
erystals heing birefringent, appsared with a brilliant
pinkish glow against , dark background, With the help
of a stop-watch, the time taken from the moment the



frosen column started melting untill the disappearance
of the last crystal, was noted. The data so obtained
formed the basis for finding out the eoncentration of
the unknown in terms of fNaCl. A procedure similar
as above vas folloved to find the melting time of samples
of frosen body fluids and from it 1ts concentration.
Since the mdlting times are comparable only vhen equal
amounts of samples are taken, it is essential that the
column of body fluid introduced is equal in length to
that of known eoncentrations of NaCl 1.e., 0.2 mm. It
is also equally important that the capillary tubes are
quickly transferred to the trough from the freesing
mixture. The entire estimation was carried out in a
¢old room at a tempersture of 16 C. The bdody fluid
was dravn from the vorms by means of a glass pipe‘te
vith a fine noszsle, made at the laboratory from glass
tubing (Pyrex). Normally the body fluids flowed into
the nozsle by mere capillary action. At times when
this failed, moving the nozzle back and forth was suffi-
cient to drive the body fluid in. Often blockage of
the noszszle resulted and as often as this happened, the
pipette was withdrawn, thoroughly cleaned in distilled
water and dried before a second insertion.

39



3.1 Body Fluid Concentration under stresses of hete-
rosmotic media..

Bxperimental Proceduret Experimental media of
differing concentrations ranging from 9.54%. to 28.62%.
(30f to 90f of sea water) were prepared by adding re-
quired amounts of distilled vater to sea water to bring
it atothe desired concentration, filtered; and iransfered
to beakers kept and maintained at room temperature, i.e.,
28 20.5C. Into each of the beakers & single entire,
active vorm selected from a pool of vorms equal in size,
vas introduced and exposed over a period of 24 hrs. At
the end of 24 hrs, the body fluid wvas drawvn and its osmotic
coneentration determined in terms of $NaCl.

Results: The lowest concentration of 0,930 f¥aCl
vas obtained in 2 worm exposed to the stresses of medium
of 12.72%. and the highest at a value of 0.962 £NaCl in a
medium of strength 28.62%, (Table IX, Pig.5). If it is
assumed that the animal is isosmotiec with a medium of
strength 45¢ (Fig.8), the two previous concentrations
indicate the two extremes of the range of tolerance of
the animal. The range of body fluid concentration
from 0.930 $NaCl to 0.962 NaCl is, thus, small vhen
compared to the range of concentration of the experimental
media - 9.54%. to 28,628, In other words, the animal
appears a perfect regulator, maintaining its body fluid
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Fig.5. Showing the osmotic pressure of body fluids, in terms of fNaCl,
after an oxsomu-o of 24 hrs to heterosmotic media. Temp.:
28,0 2 0.5°C. Bach point is the mean of § estimations. The
diagonal line is the line of isosmocity.



TABLE IX

':”::"’“1 Melting Time in Seconds in Sample gg:::. n”r:'n“m
b 1 2 3 4 8 Mean 8.4,  s.e. % Wac1 (R7026"% FRatD)
9.54 87 58 67 57 58 57.4 0.30 -0.13 0.955 0.5730
12.72 57.559 59 58 58 S58.3 0.90 20.40 0.930 0.5580
15.90 57 S5 56 55 S5 55.6 1.10 *0.49 0.960 0.5760
19.08 59 56 57 56 58 57.2 3.40 21.s2 0.950 0.5700
22.26 57 58 58 59 657 57.8 1.40 20.63 0.946 0.5676
25.44 58 87 57 58 58 57.6  0.60 10.27 0.951 0.5886
28.62 84 S8 86 58 57 56.6 5.60 20.235 0.962 0.5772

- - - - - -

Table. IX. To indicate osmotic pressure of body fluids when exposed to heterosmotie

media. Temp.: 28.0 2 0.5°C. The body fluid concentration is expressed in
terms of both fNacl and in depression in the freesing point.
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econeentratisn within a very low range over a wide
range of experimental media, That this is so, is well
borne out by Fig.5. M. gravelyl, therefore, hyper-
regulates in the lower dilutions and hyporegulates in
the higher concentrations.

Experimental Proceduret An experimental medium of
strength 10.68f. was prepared from filtered sea vater

and 1500 ml of it was transferred into a clean Pyrex
glass beaker of 2 liter capacity. The beaker with the
experimental medium was plased in another larger trough
containing tap water suech that the experimental medium
contained in the beaker vas in level with that of the
tap water surrounding the beaker. This helped the
fluctuations in the temperature of the experimental
medium at 28.5°C within a narrov range of 20,5 C,

A bateh of 50 complete vigourous worms equal in sise,
vag slected from the aquarium, and transferred into a
beaker containing medium of salinity 10.68f. . At the
end of avery hour over a period of 31 hours, body fluid
vas dravn from a worm and its osmotic conecentration

deteramined.

Regultst A steady fall from 1.05 $NaCl registered
at the end of the lst hour, to 0.88 fNaCl at the end of



the 4th hour was noticed (Table X, Fig.6). Beyohd
the fifth hour, it progressively increased to reach
the highest concentration of 1.06 $¥aCl, only to fall
during the next hour to 1.00 $NaCl. During the 28th
hour to the 31st hour, it fluctuated hourly between
1,00 $NaCl and 1.05 fNeCl a figure similar to that
registered at the end of the 1lst hour., Although the
character of the graph is not a airror image of that
obtained for §. diversigolor (Beadle,1887), the steady
fall in the concentration and subsequent inerease must
be due to loss of salts and/or removal of fluid by the
exeretory organs. It is also possidble that at this
salinity the loss of fluid either through the body
surface or via exeretory organs becomes eoffective after
period of 4 to 5 hours.

t w

3.3. F Cn tration at h &
smotic medium of 13.52%-.

Sxperimental Procedure: An experiment similar in

all respects to the previous one, was performed but with
an experimental medium of 13.52%., Worms chosen from
the same pool formed the experimental material.

Results: The results are summarised in Table XI
and represented in Fig.7?. From the character of the graph,
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Fig.6.
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TABLE X.

T Melting time in Seconds in sample after Osmotic Depression
ime exposure over hourly periods. Pressure in

in ... - - in Freesing Point
Hours. 1 2 3 4 5§ 6 7 8 9 10 Mean s.d. s.e. f NaCl (4=0.6 x $NaCl)

1 51 50 51 49 51 51 50 S1 S1 SO0 S0.5 1.35 20.42 1.08 0.630

2 69 87 659 56 57 S6 59 S8 56 S6 S6.3 1.70 20.51 0.98 0.576

3 59 58 59 57 S9 59 60 60 SS9 SP 58.9 0.88 0.28 0.94 0.564

4 62 64 60 62 62 61 62 60 64 62 61.9 1.37 20.43 0.88 0.528

s 60 63 62 60 60 60 61 62 61 60 60.9 1.09 20.34 0.88 0.528

6 67 59 59 57 57 57 59 87 59 S§7 S57.8 1.03 20.33 0.95 0.570

7 68 56 58 58 60 60 58 S8 S8 S6 58.0 1.33 f20.42 0.95 0.570

8 52 S50 S50 52 52 S84 S0 S1 SO0 S1 S51.2 1.31 20.41 1.00 0.600

24 49 49 51 50 48 48 49 46 49 48 48.7 1.33 0.42 1.06 0.636

25 53 S0 53 54 53 52 S0 53 S3 53 §52.0 1.41 0.45 1.00 0.600

26 52 S50 48 50 52 52 52 S0 52 50 50.8 1.40 10.44  1.02 0.600

27 61 50 48 48 S50 51 51 SO S0 SO 49.9 1.10 20.34 1.00 0.600

28 651 48 49 S0 S1 51 S0 S50 S1 SO S0.1 1.00 Z20.32 1.04 0.624

29 49 49 48 S0 51 49 48 49 S0 49 49.2 0.92 20.29 1.00 0.600

30 52 50 49 S0 S50 S52 52 51 S0 S1 S50.7 1.06 !3.35 1.08 0.630

31 52 52 52 S0 54 50 49 S50 52 52 S51.3 1.49 10.47 1.00 0.600
Table. X. Showing changes in the osmotic pressure in terms of fNaCl at hourly intervals

over a pericd of 31hrs in a medium of salinity 10.68%. .

Temp.:28.5 & 0.5°C,

v rv ‘-.\'ﬁ‘
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Showing changes in the osmotic pressure, in
terms of $Nall, at hourly intervals over a
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TABLE XI.

-y D - D D G D D D D TP AR D GE W WD . D AR D S D S - R D D D D A - D - D -y -

Time Melting time in Seconds in sample after Osmotic Depression
e exposure over hourly periods. Pressure in

Hours. ~o-="<===z== - in Freeszing Point

1 2 3 4 5 6 7 8 9 10 Mean s.d. s.e. fNaCl. (A=0.6 x f¥aCl)

1 §7 57 55 59 S7 59 S§7 57 55 57 57.0 1.33 f0.42 0.94 0.564
2 §9 60 60 S8 58 S9 55 58 59 59 58.5 1.43 *0o.45 0.9 0.540

3 S9 59 60 58 58 S9 58 59 SO 59 S58.8 0.69 20.22 0.86 0.516

4 60 60 61 59 60 61 61 60 60 60 6l.2 1.23 20.38 0.87 0.522

5 SO 59 58 60 56 56 58 58 59 59 s58.2 1.32 '0.42 0.91 0.546

6 66 55 53 53 54 S5 S6 56 54 55 S54.8 1.08 *0.33 0.98 0.588
7 61 51 S50 48 S0 S1 S50 S1 SO S1 50.3 0.9 X0.30 1.06 0.636

8 83 §1 S0 S3 S3 S1 S1 S3 S1 S0 S51.6 1.27 '0.40 1.02 0.612

24 583 53 52 53 52 50 851 53 52 51 52.0 1.41 0.43 1.00 0.600

13 82 S0 50 52 51 52 SO S1 S2 S50 S51.0 0.%4 Z20.27 1.01 0.606

26 53 52 53 S0 54 53 55 SO S1I S50 S2.1 1.79 20.57 1.00 0.600
27 §2 51 S0 53 52 S0 S0 SO 52 51 S1l.1 1.01 *0.35 1.01 0.606

28 2 S3 52 53 52 S0 52 S0 S1 S50 S1.5 1.18 *0.34 1.00 0.600

29 49 50 49 S1 47 48 49 S50 49 51 49.3 1.25 $0.40 1.04 0.624

30 S0 S0 S50 51 48 51 48 SO SO 49 49.9 1.12 20.36 1.03 0.618

3 52 51 52 S0 S50 53 S50 S3 SO S§2 S1.3 1.25 20.40 1.01 0.606

Table. XI. BShowing changes in osmotic pressure in terms of fNaCl, at hourly intervals

over a period of 31 hrs in a medium of salinity 13.52%. .

Temp.:28.5 ¥ 0.5 C.



it is clear that the adjustment of the dody fluid
conecentration followed the same pattern as in the
previous experiment. However, at this salinity
(13.52%.) the steady fall in the body fluid econ-
centration from 0,940 SNaCl to 0.860 SNaCl eontinued
upto a period of 3 hrs only., Thereafter, it pro-
gressively increased reaching the maximum concen-
tration of 1,080 SNaCl at the end of the 7th hour,
only to fall to 1.0 $NaCl at the end of the 24th hour,
During the 24th to 31st hours it fluetuated between
1.0 $NaCl to 1,04 SNaCl. The governing factors are,
perhaps, the same as that visualised to explain the
course of osmoconeentration of dbody fluids observed
in the previous experiment. Further, the variations
betweon the two wust be due to conecentration differences
of the experimental media; and, perhaps, a funetion
of the differences in stresses imposed.

4. Remarks* Nereis diversicolor is the only
Nereigd polychaete on which fairly exhaustive studies
on the regulation of o-iconccntrntion of body fluid

exist. At Kiel its body fluid concentration (Table XII),

represented as gm/1 chlorides, over its regulatory
phase, ranges from 7.10 to 18.20 gw/l1 or from /> 0.48
to 1.90 in terms of the depression in the freeszing
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point (Schlieper,1929a & b). At Millport, Tvarminne,
Isefjord and the Upper Tamar Bstuary, it ranges from
0,38 to 1,90 (Smith,1958¢). Beadle (1937) reports
a range of 0,84 to 1.67 for wvorms obtained from the
River Blythe estuary. In other words, the freesing

point depressions reflecting the osmotic concentrations

TABLE XII.
T Range of Body Fluid con-— \
Popula- eentration Name of
tt“ Dy D T D u D P D T T 00w Pom ..f‘r.m
Prom gn/1 25 aste.

b BB B B B B B b L B B 2 R b B B P B B T B P R L L T ]

Millport. 4.80-19.15 0,48-1,90* %{ Smith,1955¢

Tvarminne. 3.35- 9.50 0,.33-0.94*

I..r’o“o 3.50- 8.94 0,36-0,89* " .
Upper Ta-)
mar I 3.38- 9.40 0,33-0,93* » "
Estuary I
Kiel. 7.10-18,20* 0,70-1.80 . lohli.op:r‘
L
l:r:ood. { 4.40-10.20 0.44-1.01* N.lighti. Smith,1969.
Walker )X _

4.00-10,00 0,40-0,99* » "
Croek. I (Prom Pig.12)
Kiel. - 0.76-0.77 Lmn lehl.hp.r

19!9:

Helgoland. - 1.70

Myar I g g4.16.46 0.56-0.59 Present
Estuary.) Vebteitote %. study.

* Calculated Figures from references ci ted.



of the bdody fluid of N, diversigolor ranges from

0.33 to 1.90 in worms studied over its entire range

of distribution. In Arenicola mariana at Kiel

vhen O of the external medium wvas 0.76-0.77, the

body fluid conecentrati~n was that of the e xternal
medium (Schlieper,1929a & b). At Helgoland it was
1.70 in conformity with the concentation of the A
external medium. While the body fluid conecentration
of N. limnicola from Lake Merced (Fresh vater) ranged
from 0.44-1.01, it was 0.40-0.99 in those obtained
from Walker Creek estuary. The range of 0,56 to 0,59
for Marphysa gravelyi was not only narrow but very

lov compared vith the above forms (Table XII), Thus
in M, gravelyl we come accross the lowest concentration
of body fluid wvhen compared with the euryhaline

N, diversicolor or, more or less stenohaline A, marina.

Such a situation eould only be a consequence of better
regulatory powers for osmoconcentration. The fresh
vater Gammarid, Ggmmarus fasciatus, regulated at

the lovest level, vhereas the marine species Marino-
gammarus finmarchicus and Jammarus oceanicus, regue

lated its blood at the highest level, with Ggmmarus
tigrinus, a brackish water species, ranking between

the two (Beadle & Cragg,1940a & b; Wernts,1963).
A reduction in the body fluid concentration 1is,



perhaps, a general feature common to organisms
attempting colonisation of regimens of diverse
habitats of reduced salinities (Beadle,1943,'57);
and aceording to Potts (1954¢) and Croghan (1961),
the chief means of easing the strain on osmoregu-
latory mechanisas.

Making parallel detarminations of weight and
body fluid coneentration in N, diversieclor at
equal intervals over a period of 24 hrs under stresses
of hyposmotic media, Beadle (1937) econcluded that
the concentration curve followed 'a logarithmie
ecourse tovards a value above that of the external
medium', Similar determinations made in M. gravell
also (compare Fig.4 vith Fig.7), indicate a trend
identical with that obtained in N. diversicolor.
However, in M. gravelyi restoration of the body fiuid
econcentration does not begin until after the 3rd or
4th hour, by which time volume regulation is completed,
since the highest inecrease in volume, irrespective
of the strength of the experimental medium, is reached
at the end of the 1lst hour (vide infra). Independent
of the final volume attained at the end of the 4th
hour and maintained at that level over a period of
24 hrs, the final concentration fluctuates between
1.00 $NaCl and 1.06 fNaCl. The regulation of body
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fluid concentration and the control of volume in

M. gravelyi are, psrhaps, two faetors vhich are not
interdependent in agreement with that concluded by
Beadle (1937). It follows, therefore, that the
fall in volume, as in N, diversicolor (Beadle,1987),

should be due to forces other than mere diffusion

or osmotie pressure; and, perhaps, nephridia act

as channels for vacating the excess of fluid in the
coelomic cavity. This is probably brought about by
either the hydrostatic pressure or the tonus of the
body wall muscles. Or it may also be due to the size
of the nephridia that M. gravelyi possesses. There
is evidence that they (nephridia) are larger in sisze
(vide Chapter VI). There is also evidence that the
tissues are quite active over a wide range (208 to 70%
sea vater) of salinities (Krishnamoorthi & Krishnaswamy,
1963). Preliminary results have shown (unpublished
data) that the hydrostatic pressure increases v ith
inereasing concentration of the sxternal media.

Invertebrates have achieved osmotie independence
through one of three familiar ways viz., either it is
brought about by conforming its internal concentration
on a par with that of the external; or being hyperos-
motic in the lower dilutions but becoming #sosmotic



in higher concentrations; or hyperregulating in
dilute media but being hyposmotie in concentrated
media. All these forms find representatives

among Crustacea, the o called higher invertebrates.
Among polychaetes, however, only the first and the
second sre known. Arenieola marins and . pelsgics
are conformers (Schlieper,1929a & b). XN. diversigolor
be it from Kiel (Schlieper 1920a & b) or the River
Blythe estuary (Beadle,1937) or Millport, Tvarminne,
Isefjord, Upper Tamar EBstuary (Smith,1985¢), hyper-
regulates in lower dilutions dut hecomes isosmotiec

in higher concentrations, exemplefying the second

type of osmotic independence. Nepeis limnicols is
yet another Nereid belonging to this type. (Smith,1959).
The present investigations show yet another type as
represented by M. gravelyvi whieh is hyperosmotic in
media of reduced salinities and hyposmotic in con-
centrated media, a pattern vhich recalls that obtained
in most grapsoid and oeypode crabs (Gross,1957;

Green gt 31,1959) and some prawvns like Palasmonstas

Yarians, Leander serratus and Crangon erangon
(Panikkar,1941a; Parry,1054,'55; Broekema,1942).

The underlying mechanism or mechanisms leading to
regulation must await future investigation. There

is, however, circumstantial evidence that hyposmotie

4%



urine is being formed, since M. gravelyi possesses
nephridia dbigger in size (Chapter VI) than those

found in polychaetes obtained from s imilar situations
(Krishnamoorthi, 1963b) and as reported in N, diversi-
golor (Jurgens,1935) and in Lycastis indieca (Krishnan,
1952), Af it is assumed that bigger sised nephridia
could be associated with the produetion of hypo- or
isosmotic urine. Attempts to eollect urine following
either the method suggested by Bhal (1945b;'47) or under
paraffin oil, did not yleld desiradle results. The
maintenance of an internal aquecus and saline steady
state, inspite of a constant inward diffusion of watsr,
is due not snly to the elimination of isosmotie/hyposmotiec
urine by the invertebrate nephron, but also due to

the varying quantities of urine produetion as demonstrated
in Palaemonetes varians (Parry,1958); in Gammarids
(Wernts,1963) and in a host of other erustaceans

(see Loekwood,1962, for complete literature). An
attempt to study the rate of urine produstion in

M. gravalyl by the inulin clearance method of Roe g% al
(1949) as followed by Potts (1954) for the estimation
of blood volume and rate of urine produetion in
Anodonta gvznea, a fresh water lemellibranch, ylelded
erratic results. Perhaps, the inulin elearance method

successful for crustaceans and molluseans, is not



suitable for soft-bodied polychaetes., Similarly
vhether there is extrarenal elimination of chlorides
characteristic of teleosts and crustaceans hypo-
regulating needs future investigation, since the
presence of well developed branchiae all along the
major length of the worm (Aiyar,1933) point to this
possi bility. The present investigations, hovever,
have brought to light the occurrence among polychaetes
a third type of osmotic independence i,e., hyper-
regulation in dilute media and hyporegulation in con-
centrated media.

A reviev of all the literature on polychaete
physiology with specizl referance to osmoregulation,
reveals that no other group has been more experimented
upon as the Nereids. This is, perhaps, due to the
fact that several members of the Nereidae vis.,

N. diversicolor, N. virens (N. southerni), N. pelagica,
5. limnicols (Neapthes lighil), Hereis (Neanthes)

gsuccina and Perensreis cultrifera are found to penetrate

more or less deaply into brackish water and a fevw
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are found even in fresh waters (Johnson,1903; Hartman,1938;

Smith,1953). The nereids, theresfore, have constituted

an excellent group of animals for the study of mechanisms

of osmoregulation as pointed out by Jérgensen & Dales
(1987). The present investigation has brought to
light the fact that, it is by no means confined to
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Nereidee alone. For, the Bunicidae of the Adyar
estuary shov ad justments matching with those of

Nereidae in their capacities for osmoregulation.
Onuphis sremita, an Eunieid, vith no regulatory
ability over volume e¢ontrel and a limited range

of tolerance of reduced salinities, represents,
perhaps, ons end of the scale of osmotic independunce
(Krishnamecorthi,1962). Another Bunieid, Diopatra
variabilis, shows osmotiec independence a shade better,

vith greater capacities for volume econtrol and tolerance
of reduced salinities over a wider range compared to
0. gremita (Krishnamoorthi,1963b). Perhaps, the

peak of independence is sttrined in Marphysa gravelyi,
also an eunieid. Another such group may be the
Glyeerids, for Glycers spp. have been reported from
brackish water situations in her survey of the brackish
and fresh water p lychaetes (Yesenherg-Lund,1988)

and also from the Chilka Lake by Southern (1931).
Hephtys spp., may be yet another group (Southern,1931).
It is reasonabls, therefore, attention is drawn to
groups other than the Nereidae, if only to obtain a
fuller knowledge of osmoregulation in polychaetes.

If the results obtained in the present investigation,
revealing that it (osmoregulation) is muech detter



developed in Marphysa gravelyi and far superior to
that obtained in Nereis diversigolor, are of any
significance, it is certainly a pointer that such

studies are extended to other groups as well,
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CHAPTER VI: STRUCTURE OF NEPHRIDIA.

1. Introdugtion: Although considerable work
on the anatomy and histology of the polychaete nephron
exists (Goodrich,1945), much of the earlier studies
were hardly orientated towards forming a 'better dasis
for physiological vork' as pointed out by Jones (1987).
It wvas not until Jurgens (1935) let in morphological
evidence that Nereis diversicolor possessed a nephridium
bigger and more convoluted than those possessed by
species allied to it; and the importance of nephridia
in the osmoregulation of Sabella pavonina was demon-
strated (Ewer & Ever,1943), that its functional im-
plications were brought to the fore-front. The
greater loss of chlorides in N, diversicolor (Ellis,1989)
and subsequently eonfirmed by Jérgensen & Dales (1957)
as compared %o that obtained in Nereis pelagica and
Nereis virsns, led these authors believe a rapid
excretion of isosmotic/hyposmotic urine resulting
in a rapid regulation of volume. Examining nephridia
in a number of nereids, Krishnan (1952) found that
they wvere larger in Lycastis indica than either in

Nereis shilkasnsis or Parinereis puntia. Krishnamoorthi
(1963b) extending similar studies to polychastes other

than Nereidae, related the greater penetration of
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Clymens insecta as being due to the possession of
bigger nephridia implying greater efficiency of the
kidney. A bigger nephron, therefore, is associated
with the produetion of iso- or hyposmotic urine as
obgerved in a number of annelids (Grobdben,1881) and
in crustaceans (Schwabe,1933; Panikkar,1941la; Hynes,
1954). In the previous section it wvas presumed that
Marphysa gravelyl Southern may be produeing hyposmotie
urine. It, therefore, appeared that a study of the
structure of the nephridia in M. gravelyi should be
helpful.

2. Material and Methods: From a eollection of
vorms c¢ollected from Adyar, a few, equal in size Wi th

those that formed the experimental animals, wvere selected
and narcotised with Chloral Hydrate or Menthol %o
ensure an extended condition. WNot inefrequently
gradual sddition of 30% aleohol was also found useful
in kiliing the worm in an extended econdition. A
number of fixatives like Duboseq Bouin, Zenker's

Fluid and Susa were tried and discarded in favour of
Bouin's Fluid wvhich ylelded the dest results. The
vorms wvere starved a day or two before they were fixed,
this being necessary to remove from the gut, fine
particles of mud and sand wvhich impede obtaining good
sections. The material fixed in Bouin was thoroughly
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cleaned until it had only traces of Bouin infit,
dehydrated in aleochol u‘uu; cleared in cedar-wood
o1l and embeded in Tissue-Mat (58 C M.P.). Serial
sections at eight micra vere cut, mounted on Gold-Seal
slides and stained with Haematoxylin either Heidenhain's
or Ehrilich's, after taking them through the eonven-
tional aleohol series. They were counter-stained
vith Borax Carmine or Orange G, All diagrams were
made with the aid of a Cgmersa Lugcida. An ordinary
ocular micrometer vas used for measursments that are
recorded here, under constant magnification of S x 8.

3. Structure of Nephridia in Marphvaa gravelvi!
(a) Previocus Work: Nephridia in Binicidae were
first studied by Enlers (1864) in Bunigce harasii,
E. mubrocinta, B. limosa, 2. sicilisnsis, Onuphis
fubieola and Harphvae sanguinss. However, it vas
not until 1900, that Goodrich, describing the nephridia
of Bunicidae in detall, poihted out the homology of
the large trumpet shaped nephrostome with the eoelo-
mostome of primitive forms and explained the composite
nature of the mixonephridia, combined as they are, to
form simple nephridia and coelomoducts. Since then,
Page (1906) has added to our knowledge of the nephridia
of Bunieidae by giving details of the form and structure
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Fig.

8. Diagrammatic cross-section of the womm,
Southern, iniicating the relation o
ne um to other structures in the body
cavity. X S6.

9. Diagrammatic represontation of a single whole
nephridium of Marphvsa gravelvi. 400,

10, Longitudinal section of the nephrostome. X 450,
11. Cross-section of the nephrostome. X 450.
12. Cross-section throuzh the nephridial caanal. X 4850.

13, Cross-section through the middle part of the
nephridial canal. X 450,

14, Longitudianl seetion of the nephridial canal. X 450,
15. Longitudinal seetiosn of the end-sae. X 450,
16. Cross-section of the end-sae. X 450.

ABBREVIATIONS USED.

Bl.et Blind ending ctgilhrtu; Br.: Branchiae; Coel.Epi.:
Coelomiec Epithelium; C,l.m.: Circular layer of muscles;
C.T.t Connective Tissue; Con.: Concrements; Ci.: Cilia;
E.s.: End sac, B2p,t Epiderais; L.l.m.: Longitudinal layer
of muscles; Lu.Nme.: Lumen of the nephrostome; Lu.N.Cl.:
Lumen of the nephridial canaljy Lu.E.t: Lumen of the End sac;
N.: lo'hudu-; Nme.: Nephrostome; Nme.¥.: Nephrostomial
vall; N,Cl.: Nephridial canaly N.P,: Nephridioporej Nu,.:
Nueleus; l'.!l.l Parapodial gland; R,B,: Refringent bodies;
8.1 Setae; Se.: Septum; V,B1,.V.: Ventral blood vessel;
Va.: Vacuoles.
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in some more genera. He figured the coelomostome

or Hyalinoecia tubicola and Lumbriconeries impatians

as § imple and smooth. But Goodrich (1945) observed
deep groves on the ciliated inner lurénoo. Aiyar (1933}
vhile confirming the mixed nature of the nephridmium

in h#s study on the anatomy of M. gravelyi, has

failed to describe the histology of the nephridium.

(b) Structure*r In Marphvsa gravelvi, as in all
Eunicidae, a pair of NEPHRIDIA are found in each segment
except in a few of the anterior and posterior segments.
As can be made out from sections (Fig.8), the nephridium
(Pig.9) is located betwsen the lateral border of the
vental longitudinal muscle on the one side and the
vental border of the pigment gland on the other. It
eongists of a wide trumpet shaped nephrostome opening
into the coelome along the outer edge of the ventral
longitudinal muscle and a long narrov almost straight
nophridili canal which runs outwards plercing the
e¢ircular layer of muscles and the epidermis to open
by the nephridiopore situated near the ventral edge
of the neuropodium. While the funnel has been observed
in Marphvss sanguings (Cosmovice,1880), there has been
no mention of the external opening. Just before
opening to the exterior the nephridial canal dilates,



perhaps, comparable to the end-sae of earthworms
(Bhal,1847) or of Carcigua meenas and Potamoblus
fluviatilis (Picken,1936).

The wide, oval mouth of the trumpet shaped
NEPHROSTOME, measuring 80 A, gradually narrows down
to 18 a before it imperceptbly fuses with the neph-

ridial canal. The wall of the nephrostome (Figs.
10 & 11) is made up of a single layer of 3 to 4 similar
cubical and well defined cells 10 m in length. The

deeply stained nuecleus is invariably at the proximal
end of the cells. Only the inner walls of the cells
bear numerous cilia measuring about 20 m in length.

The eilia are packed together and are directed

towards the nephridial canal. The lumen of the nephro-
stome is full of eoncrements, probably, of an exeretory
nature. The nephrostome externally is lined by the
coelomic epithelium and surrounding all around except
in the vieinity of the opening of the nephrostome into
the coelomic cavity, 1s the loose connective tissue
wvhich is much vacuolated. The eytoplasm of the cells
are free of any inelusions., The waste matter present
in the coelomic cavity appears to be collected by the
nephrostome and pumped out by means of eilia through
the nephridigl canal as observed in a number of poly-
chaetes by Cunningham (1887).
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Immediately following the nephrostome is the
NEPRIDIAL CANAL which measures about 120 a in length

and is uniformly 18 4 in vidth, The lumen of the
canal vhich contains concrements throughout its
length is bounded on all sides, forming the walls
of ths canal, by a single layer of similar cubdbiecal
cells measuring about 6 u in length. The cell

boundries are well demarkated. The cytoplasm is
dolutly granular, Among the granules large, bright

@R refringent bodies c-uld be distinguished by their
taking a deep eosin stain and by their smooth reflecting
surfaces. Such bodies are found outside the cells

and also in the coelomic cavity (Figs.12, 13 & 14).

The presence of such bodies withlin the cells and cutside
the cells and the uniform granulation of the eytoplasa
suggests that this part of the nephridial canal is,
perhaps, eoncerned with filtratisn. Racovitza (1895)
saw, after injecting sepla-black ink into the coelomie
cavity of Lelocephalus leiphygas, masses of black
granules deposited in the cells of the nephridial

canal and concluded that the particles may have been
ingested by the cells of the walls of the nephridial
canal. Schneider (1899) confirmed this observation

in Arenicola marina, Travisia forbesi, Pectinaria
hyperboraea, Terebellides stromii, Polymnia nebulosa




and P. nidensis as well as a mmmber of oligochaetes.
Willem & Minne (1900) have also cox;uoboutod the same
for some more polychaetes. Ingestion of particles

by the cells from the coelomic fluid, has been regarded
by them as the process of filtration in exeretion.

In the present form the presence of granules and
refringent bodies in the cells, probably, indicate

that they have been ingssted from the coelomic cavity
and, hence, it may be confluded that the cells of the
nephridial canal take part in the process of filtration.
Spherical and unstained vacaat spaces similar to those
found in the cells of the nephridial canal in
Pectinaris belziea and Zerebella conchilega (Willem

& Minne,1900; Maziarsk{,1908) and regarded as water
vacuoles concerned in the elimination of water from

the coelomic cavity, are also apparent in the cells
forming the nephridial canal in M.gravelyi. It is
likely that the vaecant spaces in the cells of the walls
of the nephridial canal in the pressnt form, are
vacoules econcerned with the funetion of water exeretion.
S8ince such vacuoles are present in all the cells of

the nephridial canal, it appears that all the cells

are concerned with water elimination. Thus no

cells are set apart for water elimination.
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From longitudinal and transverse sections
(Figs.15 & 16), the walls of the END-SAC could de
seen to be made up of a single layer of cells,

5 to 6 in number, cubdbical and 8 4 in length. As

the cells are thick the lumen of this enlarged part

of the nephridial canal is as narrov as elsevhere.

The cytoplasm is srmiu-, especially at the proximal
end of the cells close to the lumen. Refringent
bodies and vater vacuoles such as those seen in the
cells of the nephridial canal are very scarce suggesting
that filtration may not be a funetional feature of this
sac, Coelomic epithelium and connective tissue are,
howvever, present surrounding the end sae, as in the
case of the nephridial canal and the nephrostome.

In its morphological features and in the absence of
cellular concrements, it resembles the end-sac of the
earthvorms like Pontoseolex corsthrurus, Thamnodrilus
crassue (Bhal,1942a & b) and Pheretima posthuma
(Bhal,1919). This sack in these earthworms aids in
the reabsorption of water or of water and other dis-
solved substances that pass down the nephridial canal
(Bhal,1947). The end-sac of Carcinus msenas and
Potamobius fluviatilis have also been ascribed similar

function (Picken,1936). It is, therefors, probable that
the end-sac in the present form aids in reabsorption of
the wvater and dissolved solutes.
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(e) Blood Supply: The nophrld{lu, as in all
Bunieids, in M, gravelyi is supplied with blood by
a branch of the ventral blood vessel, resembling in
many respects that obtained in Bunice sp. (Goodriech,1900).

The main dbranch of the ventral vessel supplies the
parapodia as well as the branchia. But bdefore it
proceeds to the parapodia and the branchia proper it
gives off a subsidiary dranch to the nephridium which
breaks into capillaries on the nephridial dbody and 1is
brought back to the general circulation of the blood

from the epidermis (Fig.8). Several of the the capil-
laries end blind in the form of di‘lttou vithin the
nephridia as in Marphysa sanguinea (Fuchs,1907).

Such blind ending capillaries, known as ampullae, are

of common oceurrence in oligochaetes (Stephensen,1930)

and have also been observed in Arenicola sp. (Benham,1891)
and Lanice conchilega (Meyer,1888). Although Ever (1941)
noted them in Travesia forbesii, he concluded that their

possible function must remain a matter of conjecture.
However, considering their intimate 'juxtaposition’
vith the nephridial body (Krishnan,19582), the number
of such ampullae could be a conveniant measure of not
only the metabolic activity but the nature of activity
of the nephridium. VWith this objeect in view, serial



sections obtained from a number of polychaetes were
examined and the number of blind ending capillaries
noted (Table XIII) similar to previous studies,

TABLE XIII,

Number of Blind Ending Capillaries

a * 'o. - - - - u ’”¢m Seaaess
 § 2 3 4 5 6 Mean.
1 7 72 T 70 7 72 71.33
2 66 74 70 68 72 76 71.00
3 7 70 68 68 74 72 70.83
4 7 7?0 71 75 69 72 71.17
5 72 772 70 71 7 72 7n.17?
6 68 74 78 7@ 72 70 71.87
Mean: 71.23
8.4. 2.22
8.e. 10.37

(Krishnamoorthi,1963a). The number of dlind ending
capillaries in M. gravelyi ranged from 66 to 75 with
a mean of 71.23 I 0.37.

(4) Exeretory Surface relative to the Size of
the worm:

A study of the structure of the nephridium in
M. gravelyi, has revealed that excepting the nephrostome,

the entire nephridium takes part in the process of excretion.
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The nephrostome, parhaps, aids in the eolleetion

of the nitrogencus waste matter to bde extruded out

by the nephridiopore through the nephridial canal.
The length of the canal implying the number of cells
may, therefore, be taken as an index of the execretory
capacity of the nephridium of any animal. Although
the length, breadth and the height of the nephridial
body may give a eomparative pleture (Krishnan,1952),
it is not strictly accurate to take into account
those sections of the nephridium vhich do not partieci-
pate in the different renal processes of excretion.

In order t> arrive at some value likely to be constant
and comparable for different genera of polychaetes,
the ratio between the length of the nephridial canal
to the length of the worm was determined in M. gravelyi

and it can bs seen that (Table XIV) M. gravelvi had
a mean ratio of 1 : 0,478 I 0.061 and ranged from
1l1: 0,401 to 1 : 0,536 in the six worms studied.

4. Remarks: In Marphysa gravelyi Southerp the
nephridium is simple in form and structure, similar to
that obtained either in Opuphis sremita (Krishnamoorthi,
1963a) or Diopatra variabilis (unpublished data) both
belonging to the Bunicidse. In all the three species
the nephridium bdelonging to the mixonephridial type
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(Goodrich,19458), eonsists of a wide funnel, the
nephrostome and a long, uncoiled narrow canal,

the nephridial canal, which opens out by the
nephridiopore at the dase of the neuropodium. Its
topography in relation to other organ systems, is

much the same in all the three forms. While the
nephrostome situated elosely along the septum divi-
ding two consequetive segments, opens into that segment
previous to the one that contains the nephridial body,
the nephridiopore gains its exit in the same segment

as that holds the nephridial body. The disposition
of the eonnective tissue and the coelomic epithelium
around the nephridia in M, gravelyi is much similar

to that observed in 2. premita and D. yariabdilis.
However, the nephridia in M. gravelyi differ from those
of the others in the possession of an end-sac and
resembles {n this respect the nephridia of Oligochaetes
(Bhal,1942,'45) and many crustaceans (Picken,1936;
Panikkar,1941a). Although the presence of refringent
bodies and vacuoles in the cells of the nephridial
canal point fairly to its funetion as the site of
filtration, in the absence of any such conerements and
the cytoplasm remaining uniformly granular in the
ecells forming the end-sae, it is diffieult to attribute

precise a funetion to the end-saec in the renal processes o
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excretion. {Bhal (1942,'45) assigns a function
of reabsorption to the end-sae¢ in the Oligochastes
he studied. Whether a similar funetion could be
attributed to the end-sac in M. gravelyi, a study
of the nephridial physiology alone ecould reveal.
But taking into consideration the structural simi-
larities, it may be possible to assign a similar
funection, namely, reabsorption to the end-sac in
M, gravelyi Southern. 3ince it is seen that

M. gravelyi is a hyporegulator (vide infra) the

Bl
and wateh

importance of reabsorption of salts that might other-
wise be lost, needs no further emphasis and, perhaps,

the possession of an snd-gsac is an adaptational response.

Basel on circumstantial evidence Beadle (1937)
presumed that hyposmotic urine was being formed in
N. diversicolor. Examining the nephridia of N, diver-
8igcalor and P. gultrifera, Jurgens(1935) associated
the formation of hyposmotic urine with the long, coiled
nephridial canal obtained in N. diversigolor and which
provided ample epithelium for reabsorption, vhereas
it vas a simple saec in P. glutrifera. With the
positive demonstration of the funetion of nephridia

in the osmoregulation of Sgbella pavonina (Ewer & Bwer,
1943), its importance gained additiocnal strength.



Krishnan (1952) without providing experimental
evidence, related the size of the nephridia in
Lycastis indica, Nereis ghilkaensis and Perinereis
nuntia to the habitat. Krishnamoorthi (1962,'63a)
provided both experimental and structural evidences
to account for the penetration and distribution of
a number of polychaetes in the Adyar estuary. In
M, gravelyi also there is circumstantial evidence
that hyposmotie urine 1s being formed (Chapter IV).
If association of a bigger nephridium with the pro-
duction of hyposmotic urine is ascepted and Jérgensen

& Dales (1957) suspact that it might well be, it is
seen (Table XV) that M, gravelyi Southern possesses
a nephridium which has a ratio betwesen the excretory
surface and the length of the worm, consideradbly
higher than that obtained elither in 2. gremits,

L. medusa and C. insegta (Krishnamoorthi,1963a) or
D, variabilis (unpublished data). While the ratio

in . gravelyi was 1 : 0.478, the respective ratios

in J. eremita, L. medusa, C. insecta and D. variabilis

were viz., 1 0.247; 1 s 0.220; 1 ¢ 0.346; and
1t 0,357, Now, applying the ‘'student's &' test
for the s ignificance of the difference of two sample

means, the 't' value between the mean ratios of

66
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TABLE XV,

Ratio of the excretory surface to the length of tbo“
43 wora in
MO, - - -

OQ.eremita* L.medusa® 'é.i.nuat;‘ %v ia- M.gravelyi

- - - - - - - = e - > o -

| 0.270 0.224 0.358 0.356 0.497
2 0.236 0,213 0.335 2.368 0.418
3 0.254 0.227 0.342 0.330 0.401
4 0.233 0.210 0.348 0.354 0.494
6 0.240 0.224 0.352 0,377 0.521
6 0.246 0.224 0.342 0.359 0.538
Mean: 0.247 0.220 0.346 0.387 0.478
8.4, 0.011 0.007 0.023 0,080 0.156
S.e.t 10,004 10,003 10,001 +0.020 +0,061
* taken from Krishnamnorthi,1963a, #unwhlhhod data.

M. gravelyi and D. variabilis was 0,653 and the corresponding

prabability, read from Table III of Fisher & Yates (1948)
for 10 degrees »f freedom was at the 50f level., Similar
valuas of 't' bDetween M. zravelyi and C. insegta; detween
M. gravelyi and 0, eremita; and M. gravelyi and L. medusa
respectively wers 0,765, 1.384 and 1,588 with the corres-
ponding probabilities for 10 degrees of freedom at 60%, 80%
and 20f. The eonclusion is, therefore, irressistdble that



M. gravelyi Southern owes its better powers of

osmoconcentration and volume regulation to the bhigger
nephridia that it possesses. An examination of

Table XV also reveals that the ratios of C. insects

and D, yariabilis are not significantly different.

In the Adyar estuary, C. insecta and D. yariabilisg oeeur
together with M. gravelyl at Station D (Xrishnamoorthi,
19634). The range of distribution of these two species
viawed in this 1ight s, thersfore, self explanatory,

as well as the osbvious advantage of possessing a

bigger nephridia which alone e-uld aseccount for the wide
distribution of M, gravelyi Jouthern in the Adyar
estuary and the nsmotic independence it has gained

thereof.
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CHAPTER VII: IONIC REGULATION.

1. Introduction. There seems to be little doubt
that osmotic regulation of body fluids in invertebrates
is secondary to ioniec regulation (Pantin,1931) as demon-

strated by a series of studies on crustaceans (Robertson,

1”’.'“"”"”"”.‘ w.bb,lw' P“".lm‘ ‘h“'lm. ‘b.

'60¢; Bryan,1960a,b & ¢). Although considerable work

on osmotiec regulation in polychaetes exists, paueity of
similar studies on ionic regulation stands out by con-
trast. Since isolated muscle preparations of Nereis
diversigcolor exhibited sustained activity in media as
dilute as the least saline water (Wells & Ledingham,1940),
its powers of osmotic regulation appear to be of doubtful
survival value as rightly pointed out by Beadle (1957).
Analysing the inorganic constituents of the body fluids
of Arenicola sp., Amphitrite sp., and Aphrodite sp.,

Bethe & Burger (1931) and Bialaszewiez (1933) indicated
an accumulation of potassium in the worms without ex-
plaining the inherent implications. Cole (1940) examined

Mahing

a few more forms and found that the purely, polychaetes,

Amphitrite brunnea and Jlycera dibranchiata, had consider-
able powvers of ionie regulation. When Arenicola marina
which has its body fluid isosmotic with the external
medium of strength of 44% sea water (Schlieper,1929a),



were exposed to dilutions, equilibrium with the surround-
ing medium was soon established except in the case of
potassium and sulphate (Robertson,1949), He presumed
that it may be a eonsequence of the selective activity
of the nephromixia and the eontrol of the absorption of
these ions by the body wall. A study, therefore, of
ionie regulation eould throw more light on understanding
the osmotic independence gained by an animal over media
of unequal and changing osmotic stresses. It is also
possible that other compensatory mechanism for osmotie

ad justment, may come into play as demonstrated in

Sialis lutaria (Beadle & Shaw,1950); larvae of Asdag
asgyptl (Wigglesworth,1988); in Phagcolosma zouldil and
Amphitrite ornata (Wilber,1948; Wilber & MacDonald,1950)
and 1n Perinerels siitrifera and N. diversieolor
(Jeunisux et al,1961; Duchateau-Bosson & Florkin,1961).
Evidences from the previous sections and the fact that
anterior bits of Marphysa gravelyl maintained a sustained

activity over a wide range of dilute media (Krishnamoorthi

& Krishnasvamy,1963), emphasised the need for a study of
ionie regulation as well as the regulation of organie
solutes in the body fluid. That the chlorides are
regulated by M. gravelyi has already been briefly re-
ported (Krishnamoorthi,1963¢).

i,
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2. Materiagl and Methods: The experimental pro-
cedure was similar to that detalled earlier. The

body fluids vere drawn with the help of pipettes
fabricated from glass tubing (Pyrex) at the laboratory.
The chlorides wers estimated hy the method of Sendroy
(1937) as modified by Robertson & Webd (19389). In
prineiple, the insoluable silver 1odate reacts with

the chlorides present $o form insoluadble silver chloride
and soluable iodate. From this iodine is 1liberated

and titrateld with 8odium Thiosulphate. The Volhard's
method of titration was discarded in favour of this
method since the end point being sharp, eould be easily
detected. A sample of 0.1 ml of body fluid made up to
1 ml by the addition of glass-distilled water, was
transferred into a 100 ml standardi flask amd was further
made up to 60ml.  Into this solution 15 ml of Phosphoriec
acid of 23f strength was drawn from a burette. To the
solution enough silver iodate was added such that an
excess of silver iodate was alwvays present when shaken
wvell, In practise 20 to 30 mg of silver iodate was
found quite suitablg to bring about the desired reaction.
When froth was present, a drop or two of ecapryliec aleohol
(Oetonal) as suggested by Robertson & Webd (1939), con-
trolled its formation. 8ince polychaste body fluids
contain negligible quantities of protein in their body



fluids (Robertson & Webb,1939), the need for adding
caprylic aleohol arose only rarely. After shaking the
solution thoroughly for about 10 minutes, it was made upte
100 ml and filtered with Vhatman Filter Paper No.2.

To 10 ml of filtered soldtion a few drops of 1f Potassium
Iodide solution, to liberate the lodine, was added and
titrated with 0,50 3odium Thiosulphate, with a fev drops
of 1f starch solution as the indicator. From the titre
value, the amount of chlorides present was calculated using
the formula: C1 = a x ¥ x 29,67, vhere 'a' is the titre
value and 'N' the normality of the Sodium Thiosulphate
solution used. The chloride values so obtained are in

mg per ml. Blanks were run. The 36dium Thiosulphate
solution was standardised as suggested by (Havk et al,1964).
All reagents used wsre of Analar grade.

Sodium and Potassium were determined on a Zeiss Flame
Photo-meter, Since preliminary estimations had shown
that a minimum diiution of body fluids to 200 times was
necessary to read it on the secale of the Flame Photo-meter
all determinations were made on samples (0.05 ml) diluted
to 200 times. Standard graphs prepared from estimations
on solutions of Sodium and Potassium of known concentrations
and similarly diluted to 200 times, formed the basis to
arrive at the concentrations of Sodium and Potassium in the
unknown samples of body fluids. Blanks were run.

3



Total Free Amino Acids were determined by the
colorimetrie method of Harding & MacLean (1916) in
preference to the moreelaborate method of Troll & Cannan
(1983), since it had the additional advantage of being
both quick and less cumbersome. Speaking of this method,
Bloek & Weiss (1956) comment (p.29) "this excellent method
“has been largely forgotten". The method is as follows:
to 0.1 ml of body fluid made upto 1 =l by adding glass-
distilled water, 1 ml of 10f agueous Pyridine and 1 ml
of 28 aqueous Ninhydrine are added. The Pyrex test tube
eontaining this solution is plugged with cotton and placed
in boiling water bath for 20 minutes, vhen the solution
develops an amber colour which stays stable for about
12 hrs. Then it is cooled unier running water. The
eolour intensity whieh is dependent upon t he amount of
free amino acids present, is read off on a UNICAM (3,P.600)
Spectrophotometer at 565 a. Standard graphs were pre-
pared with Leucine as suggested by Green & Stahmann (1958)
and Cowgill & Pardee (1957). Planks were run,

3.1 ation of Chlorides: Results: The results
of a series of experiments to unders“and the extent of
regulation of chlorides when M. gravelyi is exposed to

experimental media of varying concentrations are summarised
in Table XVI and represented in Fig.l7. The mean chloride
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To indicate the relation between the body fluid Chlorides (gm/1)

and the external media of varying salinities. Temp.: 27.8 ¥ 0.5 C.
Baeh point is the mean of 3 to 12 estimations. The line running
diagonal is the line of isosmoeity.
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-
Experimental ayy B
Medium. Chloride Values of Body Fluid after. 24 jours of exposure to Experimental Medium
# _“g:', !o- of
, L4t | ' Estimations.
Titre values in CC, \ f Chloride values in

o Chlorides
As  1in mM/1

1 2 3 4 5 6 ; 8 a 10 Mean mM/1 gw/1 s.d. s.e.

5.68 137* 0.60 0,65 0,60 - 0.65 272 9.64 0,011 #0,008 3
8.52 197*  0.70 0.70 0.78 i 1 0.72 301 10.68 0.029 $0.016 E)
10.60 2s6* 0.85 0.85 0,80 0,90 0.85 0,90 0.85 0.90 e ﬁ 0.86 358 12.76 0.011 $0.004 8
14,60 333* 0.98 0.90 1.00 1.00 0,95 0.95 1.00 1.00 ; E 0.97 406 14.39 0.014 *0.005 8
15.30 348* 0.75 0.75 0.75 0.80 0.80 0.80 0.75 0.85 0.80 0.85 0.8§ 0.80 0.80 335 11.87 0.014 #0.004 12
16.20 358  0.70 0.70 0.70 0.65 0.75 0.75 0.80 0.80 R 0.73 305 10.83 0.017 $0.006
18.40 399* 0.95 0.95 0.95 0.95 0.98 %ij ﬁ 0.95 397 14.09 - -
19.50 486" 1.10 1.08 1.15 1.10 0,20 0,90 0,90 0.90 %;i ? 1.00 418 14.84 0.035 $0.012
21.60 483* i.10 1,05 1.05 1,06 1.05 1.00 1,05 1,08 1.08 1.00 1.08 2400 1.04 435 15.42 0.009 #0,003 12
23,00 S17* 0.95 1.00 1.00 0.95 0.95 0.90 0.95 0.90 < 0.95 397 14.09 0.012 £0.003 8
29.52 S54* 1.15 1.10 1.15 1.15 1.185 1.15 1,20 1.15 .26 1.00 1. .08 1.11 464 16.46 0,021 $0.006 12

Table XVI, Body fluid chlorides in gm/1 and mM/1, after exposure ovo*§; f.riod of 24 hours to heterosmotic media. Temp..27.5 + 0.5 C,
w8
*Caleulated from Barnes, H J. exp. Biol. 31: 582-538, (19*;).&

y - 13
.y 2
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values ranged from 272 mM/1 (9.64 gw/1) to 464 mM/1

(16.46 gn/1) in animals exposed to media of strengths
ranging from 5.68f to 25.92¢ whose chloride values

vere respectively 137 mM/1 and 554 mM/1. The bdody

fluid chlorides are maintained at higher levels of 272
mM/1; 301 mM/1 and 358 mM/1 in the respective external
concentrations of 137 mM/1; 197 wM/1 and 286 =M/1 (Fig.7).
Although it is still at a high level of 406 mM/1, in a
medium of 333 mM/1, it represents rather a large devia-
tion from expected value as could be seen clearly from

the F1g.17. In the rest of the dilutions from 15.30%

(348 m/1) to 25.98%. (554 wi/1), the body fluid ehloride
values ranged from 335 wM/1 to 464 mM/1 respectively.

The very low body fluid chloride value of 305 wM/1 in a
medium of 16.20%8. (358 mM/1) similarly is a large departure.
These two departures may have been due to the physiological
ondition »f the worms, although they were aparently well
looking when chosen for experimentation, for Chi-square
tests indicate a probability <1f and, therefore, could

not ba mistakes due to experimental procedure. Excepting
for these two departures, that the chlorides are being
maintained at a steady level irrespective of the external
soncentration is also clearly a;;rout from the results
presented, In other words, in hyposmotic media the chlorides
of the body fluid are held high, while in hyperosmotic media

they are low.



3.2 Regulation of Sodium: Results: The Sodium

content of body fluids of worms exposed to 5 different
expe rimental media vis., 9.60%., 11.04%., 16.10%., 25.76%
and 27.38%; , ranged from 90 mM/1 (16.10f.) to 285 mM/1
(27.36%: ), as 1s evident from Tables XVII and XX, and
Fig.18. Sodium content of the external media ranged

from 142.5 mM/1 to 862.5 mM/1 (Tables XVIII & XX, Fig.18).
The two low values of 90 mwM/1 and 135 mM/1 obtained from
body fluids of worms subjected to the stresses of external
media of 16,108 and 11.04%., may be attributed to the
physiologiecal econdition of the animal prior to its exposure
to experimental media (probability <1f). However, that
there is an increase in the sodium content with the in-
erease in the concentration of the external medium is
evident. Also, except in the lowest dilution when the
sodium content of hoth the body fluids and the external
medium are more or less similar, the sodium eontent of the
body fluids in the mst »f the exparimental media are less
than that of the axtarnal medium. This further supports
the view that there is a regulation of Na ions.

3.3 Regulation of Potassium: Results: The pofuaiu

eontent in the body fluids of worms subjected to similar
dilutions as in the previous experiment ranged from 18 mM/1
(16.10%8.) to 36 wM/1 (27.36%:). The low value of 18 mM/1
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e { 5 8
BODY FLUID - Flame Photo Meter Reading aff
!xpa ent :
m‘.n - " .

Na Content of Sample -

r 24 hours exposure to Experimental Medium

K Content of Sample

- v

4 £. 1 2 3 4 5 6 7 8 9 Meap s.d. 8.e 1 2 3 4 5 @6 7 8 9 Mean 8.d. S.e. mM/1
25 9.60 S0 55 42 49 47 49 44 uqo 4.30 *1.62 100 140 93 116 86 64 67 95.07 26.83 +10.12 28
30 11.04 46 45 44 45.00 1,00 20.58 90 80 85.00 7.07 % 5.00 24
50 16.10 37 30 32 33 33 32 31 35 34 33.33 2.65 +0.88 0 65 62 60 61 66 66 61 69 69 64.33 3.46 * 1.15 18*
70 25.76 47 43 50 52 67 51.80 9,38 #4,20 < 368 87 102 101 130 142 112.40 22,73 $10.00 33
80 27.36 71 81 86 74 98 84 82.33 9,60 43.92 2 83 145 133 98 123 144 120.83 25.34 $11.31 36
Table XVII. To indicate the Na and K content (-K/l) ot body rmum_ ’ ch subjected to media of differing osmotic stress over a period of 24 hours.

Tem: 28.0 0.5 C. *The two values are a departure r;-o-f'j‘ﬁtm expected values. But the probadlity (Chi-square tests)
being <11thor may, perhaps, be attributed to the physi ica 1 condition of the animals prior to experimentation. Dilution: 1/200
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Experimental Medium -

i
ol -'52-“.-: 8

e Photo meter Reading /mM/1.

Strength.
Initial Na Content of Sample Final Na Content of Sample

£ % 1 2 3 4 5 6 7 8 910 Mean s.d. s.e. 1 2 3 4 5 6 7 8 9 Mean s.d. s.e. mM/1
26 9,60 35 41 41 38 39 52 44 62 58 65  47.40 10,98 #3.44 14 - = = e e e e - = - - - -
30 11.04 135 68 65 67 60 50 56 70.14 25,03 +9.45 76 59 65 58 69 61 67 61 71 65.22 6.06 +2.02 2185.0
50 16,10 55 638 66 82 82 72 70 70 70.64 8.73 43.09 248ks 78 85 78 46 58 74 72 70.14 12.80 #5.10 237.5
70 25.76 146 110 108 86 110 96 102 108.29 17.47 +7.10 390 95 92 100 1256 92 100.18 13.90 +6.22 360.0
80 27.36 123 100 85 100 90 97 96 94 96,33 11.25 +3.75 3484 ; 100 98 98 105 111 100,67 6.31 +2.58 362.5

Table XVIII, To indicate the Na content (mM/1) of the sxperimental medil

Temp: 28.0 +0.5 C. Dilutions 1/200.

the experiment.
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may be due to reasons offered for the low values of

sodium in the previous experiment, since the same

body fluid formed the basis for its estimation, As:

in the previous experiment, increase in the potassium

content of the body fluids with inereasing conecen-

trations of the external media, is similar to that

obgerved for sodium (Tadles XVII, XIX & XX, Pl‘.llﬂ)t

However, unlike sodium, the potassium eontent of the .
body fluids was always higher than those of the ex-

perimental media (Table XX, Fig.19), )

3.4 Regulation of Total free Amino Aecids: Results:

The total free amino acid content of the dody
fluid of worms exposed to experimental media of salinity
varying from 6.7%. %o 29.3%. , ranged from 10 mg/ml

to 32 mg/ml obtained in the respective dilutions of
6.7%: and 21.68.. A progressive increase 1a e mine
acid content could be seen (Table XXI, Pig.20), until
a dilution of 21.6f; 1is reached. In dilutions beyond
21.6%: , a fall vas noticed and, perhaps, the mechanism
or mechanisms rnpéutbh for the increase qi.n the
lower dilutions, breaks down and hence, a down-ward ’
trend. In other words, the increase in the mmino aecid
content of the body fluids upto an 'o:poriunul medium
of 21.,68:, is a funetion of the osmotic stresses of
the media imposed.
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r £
B:porgnonﬂll Medium - FL

fhoto-meter Reading /mM/1.

Strength. 1

Initial K Content of Sample Final K Content of Sample
£ % 1 2 3 485 6 7 8 910  Mean 4.4. s.o. 1 23 45367 8 Mean s.d. s.e. mwWM/1

™~ "

25 9.60 29 37 36 26 32 30 22 21 25 29.83 5.“_"_‘1.'“ - .- . e . e - - - - - -
30 11.04 48 31 39 32 36 34 45 36 38 37.66 ‘:'8.94 +1:58 48 37 40 35 31 34 34 36.71 5.70 *2,20 9.25
50 16.10 48 43 53 44 47 47 52 47.29 if!.’? +2.08 26 49 39 39 47 48 36 38 41.38 5,98 2,11 10.75
70 25.76 43 44 54 80 59 56,00 15.00 +6.70 67 60 50 38 53 50 51 52.43 9.90 $3.78 14.28
80 27.36 98 76 56 52 51 54 S5 53 59 61.33 15.60 +5.20 45 57 58 43 42 80 é6 51.57 9.04 +3.42 13.78
Table XIX, To indicate the K Content (wM/1) of tha experimens dia of differing salinities both before and after the experiment.

Temp: 28.0 +0,.5 C, Dilution: 1/200.
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4 11-. Photo-met eading /mM/1.

EXPERIMENTAL anzuF. BODY FLUID,

HE YO T

8trength. Initial Na Content Final Na Conto*t h}uu K Conte inal K Content Final Na Content Final K Content

b~

£ 4 Mean aM/1 Mean ﬂl + i; oM/ 1 Mean aM/1 Mean aM/1
25 9.80 47.40 142.8 =~ -1 . i - 48,00 150.0 95.07 28.0
| !
30 11.04 70.14 240.0 65.22 2185.0 31&60 i B = 9,25 45,00 135.0 85,00 ?4.0
80 16.10 70.04 242.5 70.14 287.8 n 10.75 33.33 90,0* 64.33 18.0*
70 25.76 108.29 390.0 100,18 aooi oo 14.25 51.80 163.0 112.40 33.0
80. 27.36 96.33 342.5 100.67 3025' 8 .33 13.78 82.33 285.0 120,83 48,0
Table XX, Consolidated statement to show lutlon e Na and K Contents (wM/1) of the body fluids and
experimental media of diﬂ'orln; ties. 28.0 :0.5"0 *For explanation of the low values, see

caption to Table XVII. and also|the jtext. n11ut12 s $h/200.
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Experimental 0 D
Modium ptical Density

4 £ - 2 3 4 5 3 7 8 2
20 6.7 0.065 0,050 0.116 0.098 0.091 0.080
30 10.1 0.117 0.174 0,170 0.216 0.216

50 15.9 0.245 0.400 0,270 0.200 0.335 0,227 0.295 0.150 0.220
60 19.4 0.328 0.297 0.310 0.270 0.297 0.310

70 21.6 0.390 0,355 0,308 0.315 0.285 0.325 0.365 0.400 0.440/
80 25.7 0.310 0.212 0.293 0.265 0.360

90 29.2 0.115 0.187 0,210 0.230 0.127 0.195
Table XXI, To show the total free u*no acids levels (jug/ce)

osmotic stresses. Temp. 29.5 4+ 0.5 C Dilution:1/10

Total Free

amino acids
Mean s.d. s.e. in Jug/ec.
0.083 0.073  *#0.030 10
0.206 0.163  #0.094 18
0.252 0.238 $0.070 28
0.302 0.061  $0.024 26
0.363 0.181  #0.087 32
0.288 0.173 +0.077 27
0.177 0.146 +0.056 15

body fluids of worms exposed ¢to media of differing
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4. Remarkg:t The only polychaete in vhich
chloride regulation has been extensively shﬂio(: is
Nereis diversicolor collected from Millport, Tvarminne,
Isefjord and the Upper Tamer Sstuary (Smith,1958e). :
Sechlieper (1929a) while giving the d epression in the /
freesing point of N. diversigolor from Kiel, has
failed to give the chloride eontent of its dody fluid
over its range of tolerance of the external medium.
However, it could be caleculated, The chloride con=
tent of N. diversicolor, thus, ranges during its regu-
latory phase, from 4.80 gm/l1 to 19.15 gw/l1 at Millport;
3.35 to 9,50 gn/1 at Tvarminne; 3.59 to 8.94 gn/l at
Isefjord; 3.38 to 9,40 g=/1 at the Upper Tamar Estuary
and from 7.10 to 18,20 gw/1 at Kiel. In other words
the overall range of chloride content in the body fluid
of N. diversisolor varies from 3.35 to 19.15 gn/1 wver
its entire geographical distribution. Nereis limnicola
anrothar nereid polychaete, also has a chloride content
ranging from 4.0 to 10,20 gn/1 (Smith,1989, from Fig.12).
Since N. diversigolor is a hyperregulator, a comparison
of chloride values obtained in N. divergigolor with
that obtained in M. gravelvi, being a hyporegulator
and an Bunicid, is strictly not tenable. However, the
chloride values obtained in M., gravelyi viz., 9.64 to
16.46 gm/1, are rather high and are close to chloride
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values obtained for N, diversicolor from Kiel (Schlieper,
1929). S8ince in N. diversicolor, regulation is restricted
over the lower range of dilutions, the lower chloride

values are as they should be and understandable. Perhaps
the high chloride values obtained in _l'!_. gravelyi is a

necessary consequence of it being a hyporegulator,

Smith (1958e) without making parallel determinations
of the depression in the freezing point and the corresponding
chloride content of the body fluid during its (N, diversi-

eolor) regulatory phase, suspected that the chloride con-

centration may not parallel the osmotiec pressure of the
coelomic fluid, especially at low salinities., Comparing
the osmotic pressure of the body filuids obtained in M. gravelyi

(Chapter IV) with the chloride values, the conclusion that
they parallel each other is irresistable.

The nsed for studies on ionie regulation in animals
attempting to invade regions other than they are normally
accustomed to, largely remained in the background, although
its impartance vas realised. An attempt in this direction
was made very early by Sehlieper (1929) in Arenicola marina
and later by Bethe & Berger (1981) and Bialaszewies (1933)
in Arenicola sp., Amphitrite sp,, and Aphrodite sp., and

was closely folled by Cole (1940) in some more genera of



polychaestes. [However, they hardly forged much, apart
from providing a catalogue of the inorganie constituents
of the body fluids of the animals. It is to Webb (1940)
¥ho in a thought provoking paper on Carcigus maenas, goes
the credit of giving an impetus to this aspect. In a
series of papers Robertson (1949,'S53,'57,'60a) brought

to light not only the existence of ioniec regulation among
lower invertebrates but also interspecific differences.

The results presented here, strictly are not comparadle
vith those obtained by Robertson (1949,'53), for the me-
thods followed differ with each other. While Robertson
(1949, '53) estimated the inorganie constitutents of the
body fluids both before and after dialysis, in the present
investigation chemical analyses of the body fluids obtained
as such after exposure to experimental media, were made
vithout dialysis., However, it was seen that all the ions
studied viz., Chlorides, Sodium and Potassium, increased
vith inereasing concentration of the external medium.

The acecumulation of potassium needs nof further explaining,
since it is of ecommon occurrence (Robertson,1949,'53;
Parry,1953,'54). Whether the increase of sodium and
chloride is also a case of accumalation, perhaps, dialysing
experiments as suggested by Robertson (1949) may provide

the answer. However, that in M. gravelyi, regulation 1is
extended to all ions should be admitted, if the ratios are

79
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considered (Table XXII), Although the Cl values

TABLE XXII.
T Final Concentration (mM/1) in ) -
Bxpt., Body Fluid,
"'::" Values. Ratios.
1. Na. K., Na:Cl, KiCl., KiNa, (Na+C1):(K+C1)
9.60 301 150 28 1:2 1:11 138 1:1.4
(197) (142.8) (7.80)
11.04 358 1385 24 1:3 1:16 1:8 1:1.3
(288) (218) (9.78)
16.10 308 90 18 1:3 1117 118 111.2
(3s8) (237.5) (12.5)
25.76 1:3 15114 118 111.2

464 163 33
(s84) (380) (1%)

(Pigures in drackets are values of respective ions
present in the experimental media).

ranged from 301 wM/1 to 464 wM/1 and the Na values ranged
from 90 wM/1 to 163 wM/1 in the four experimental media
chosen, yet when the ratios of Cl:Na is considered, it will
be seen that it is maintained at 1:3. Similarly the ratios
between K:Cl is maintained at 1111 to 1:17 and the ratio
between KiNa is remarkably consistdnt at 1:5. Even when
they are considered together, it is seen that the ratio



between (¥a+Cl):(XsCl) 1s mailntained at a fairly constant
figure. It is, therefore, probadle that such a situation
is a consequence of regulation and, perhaps, due to ascu-
malation of these ions in the body fluids. Ia the light
of these results, the observation of Robertson (1949,'53)
that only in decapod erustaceans an accumalation of sodium
and potassium could be possible, cannot be supported. An
accumalation of sodiua is, perhaps, not possidble in
Arenigola marina (studied by Robertson,1949), which is a

purely marine species and which shows toleration of reduced
salinities over a relatively narrower range. Arenicols
Barina is, therefore, certainly not a good choiece to
generalise that regulation of sodium, potassium and chloride
is restricted to only members belonging to Crustacea and
Cephalopoda, and that polychaetes lack the ability for
regulation of these ions, for in M. gravleyi regulation
extends to all the three ions studied. The mechanism

or mechanisms responsible for this regulation is obsecure.
Perhaps, the exeretory organs play an important role.

Until more refined techniques for the collection of urine
in polychaetes are developed, the gquestion of the part
played by nephridia in the conservation of these salts

must remain a matter of speculation. Further, it is
possible that sodium/chloride in M. gravieyl is being taken

up by well developed branchiae situated along the whole
length of the worm.
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Since chlorides are the major ions in the body
fluids of animals (Robertson,1953), it may be assumed
that it contributes to a major part of the osmotic
pressure. It was seen earlier, that the chloride vilues
parallel, fairly well, the depression in the freesing
poiat of the body fluid in M, gravelyi. However, even
this ion does not make up all the osmotie pressure needed
to keep it on a par vith the osmotie pressure of the
external medium, especially when exposed %o media of
higher concentrations., Perhaps, it does, in the lower
dilutions (Fig.17). Recent work indicates that, the
organiec eonstituents like ths amino acids (Bricteux-
Gregoire et 2l1,1961; Duchateau-Bosson gt al,1961;
Duchateau-Bosson & Florkin,1961) and the glycogen
(W1lber,1948; Wilber & MacDonald,1950) also help adjust-
ment of the osmotic pressure. The results presented here
on the regulation of the total free amino acids in
M. gravelyi, support such a view since a progressive in-
erease of amino acid content with inereasing concentration
upto a point, is a clear proof »f such a pou!.btnw.‘
Jeunisux gt al (1961) and Duchatsau-Bosson & FPlorkin (1961)
have shown that such an ad justment although present in
Arenicola marina and Perinereis clutrifera, is not so
well developed as in the more suryhaline Neréis diversicolor
vhich osmoregulates better than the two previously mentioned



polychastes. In other words, in M. gravelyi Southern,
there is not only osmoregulation of the body fluid dut
also intracellular adjustment, realised at least partly
by mirked change of concentration of intracellular free
amino aeids. Preliminary results, by chromatographie
sepératiion of the smino acids of the body flulds
(unpublished data) have shown that M. gravslyi may be
regulating glyeine, similar to that reported in
Arenicola marina (Duchatsau-Bosson et al,1961) and

Perinereis cultrifera and Nereis diversicolor (Jeuniaux et al,

1961).
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CHAPTER VIII: CONCLUSIONS.

Marphysa gravelyl Southern, an Eunicid Polychaete,
as revealed in the present investigations, presents
features vhich are both common and unique in polychaete
physiology. Like the other polychastes known from the
Adyar estuary vis., Olycera smbranchiata, Onuphis sremita,
Loimis meduss, Clvmens insects (Krishnamoorthi,1962) and
Diopatra yariabilis (Krishnamoorthi,1963b), M. gravelvi
also tolerates media of lowered salinitiss. But unlike
the others M. gravelyi withstood a salinity range as wide
as 56. to 28f. , vhich is exactly the range over vhich it
is distributed in the Adyar estuary (Krishnamoorthi,19634).
Matching with its capacities for tolerance of reduced
saline media, are its abilities for volume regulation.

This feature, it shares with most nereids viz., Nereis

diversicolor, Perenereis cultrifera, Nereis vi ’
Nereis pelaziea and Noreis limalgola (Schlieper,1929a & b;
Beadle, 1931,'37; Sayles,1935; Jéregensen & Dales,1957;
Smith,1959); and with all the other polychaetes, except
G, embranchiata, studied from the Adyar estuary
(Krishnamoorthi,1962,'63b). Furthermore, like N. diver-
sieolor, M. gravelyl exhibits the most developed ability
for regulation of volume. If regulation of volume is

an indication of permeability, M. gravelyi shows the
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greatest reduction 1ike N. diversigolor (Fretter,1955;
Jgrgensen & Dales,1957). M. gravelyl possesses both
volume control and regulation of body fluid concentration
and shares in these features with those reported in
N. diveraigolor; and as in N. diversigolor, they are
not interdependent (Beadle,1987). However, M. gravelvi
differs from both N, diversiecolor (Schlieper,1929a & b
Beadls,1987; Smith,1958¢) and Arenieola marina and
N. palazica (Schiieper,1929a & b), in the manner of 1its
regulation of the body fluid concentration. “hile N.diver-

sicolor is a hyperregulator; both A. marina and N.Pelagica

are conformers; M. gravelyl 1s unique in possessing a
mechanism for hyporegulation commonly met with in the
erustaceans and %eleosteans. The present investigations
have, thus, dbrought to light a third type of osmoregulation
smong polychastes. ~ The mechanism or mechanisms responsible
for hyporegulation in M. gravelvi is yet obscure. As in

N. diversigolor (Beadle,1937), there is circumstantial
evidence that hyposmotiec urine is being produced in M.gravelyi.
If bigger nephridia ecould de assoeciated with the nature

and quantity of urine produced as suggested by Jurgens (19385)
for 3. diveraicolor and implied in Lygastis indiga (Krishnan,

1952), but amply demonstrated in Pglaemonstes varians
(Panikkar,1941a; Parry,1958) and in Gammarids (Beadle &

Cragg,1940; Werntz,1963), then production of hyposmotie
urine is certainly a possibility in M. zravelyi for the



nephridia are not only bigger in size than those of other
polychaetes that eco-exist with M. gravelyi in the Adyar
estuary, but also better vascularised. Further, histo-
logical studies of the nephridia indicate that reabsorp-
tion of salts and water is provided for. As in N, diver-

8icolor (Jeuniaux gt 3l,1961) thers is not only osmo-
regulation, but intracellular adjustment in which amino
acids are involved, There is regulation extended to
chlorides, potassium and sodium as well, The mechanism
for tils ionie regulation, just as the mechanism for osmo-
concentration, is yet obscure. M. gravelyi is unique

in yet another feature. Although it is not viviparous
like Nereis lighti (= N. limnicola) (Smith,1950), M. gravelyi
lays eggs in well protected jelly-coats wvhich act like
barriers, both for the ezgs and the larvae that develop
inside the jelly-coat, against a fluetuating enviromment,
The eggs and the larvae denuded from the jelly-coat, showed
limited ublutzo:?:i:(imt stresses of hyposmotic media
(Krishnamoorthi,1951b). Thus, Marohvsa gravelvi Southern
with a wvider range of salinity tolerance; better volume
regulation; possessing bigger nephridia; a mechanism for
hyporegulationj regulation extended not only to the three
fons vis., C1, K, Na but to the regulation of free amino

acids; and providing protection for the developing eggs
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and larvae, is far better conditioned for a greater
penstration into and sueccessful establishment in the
brackish vater regions of the Adyar estuary, Madras,
than anybther polychaete oeceuring there.
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CHAPTER IX: S UMMARY.

1. M. gravelyi Southern exposed to hyposmotic media
showed consideradble toleration of reduced salinities
ranging from S%. to 28%.. While the rate of mortality
was only 3.3f in a salinity of 28f , it vas as high as
68.5¢ in &f. at the end of 96 hrs. Compared vith the
rates of mortality of sther polychaetes visz,, Glyeera
eubranchiata, Onuphis eremits, Loimis medusa, Clymens
ingecta and Diopatra yvariabilis all taken from the Adyar
estuary, and similarly subjected to stresses of hyposmotie
media, the rates of mortality in Narphysa gravelyi were
considerably low emphasising the wide range of toleration
of reduced salinities in this woram.

2. Like all other polychaetes, M. gravelyi also swells
vhen axposed to hyposmotic media., But the axtent of in-

crease was considerably low. In this worm, as in other
polychiastes, the initial increase and the final volume
attained, are a funetion of the external medium. Both
the final volume and the initial inerease being very low
in M. gravelyi, reduction ia permeability is, perhaps,

the maximuk in this wvorm,

3. PFollowing volume regulation, there is also regu-
lation of the body fluids in M. gravelyi. However, as in



Nereis diversicolor, both the factors are not inter-
dependent. Unlike N. diversiecolor, a hyperegulator,
and Nereis pelagica and Perimereis gultrifera, both
conformers; M. gravelyi is a hyporegulator. The
mechanism or mechanisms are still obscure. But there

is circumstantial evidence that hyposmotic urine is
being formed, just as in N. diversicolor. The range of
the osmotic pressure of the body fluids in M. gravelvi
is very lov (0.56 to 0,59 $NaCl) and, perhaps, this is
the chief means of easing the strain on osmoregulatory
mechanisus.

4. M. gravelyi possesses nephridia of the mixo-
nephridial type as obtained in most Bunicids. However,
& strueture comparable to the end sac of the nephridium
1§ earthworms and erustaceans, is met with in the nephri-
dium of M. gravelyi. Histological preparations support
the view that 1t may be taking part in reabsorption, wvhile
the nephridial canal takes part in the filtration. Not
only the ratio between the excretory surface and the
length of the worm, but also the magnitude of vaseculari-
sation of the nephridium are higher than that obtalned
in other polychaetes that eco-exist with M. gravelyi in

the Adyar estuary.



5. Regulation in M, gravelyi is extended to all
ions viz., Chlorides, Sodium and Potassium. The ratios
between NaiCl; KiCl; KiNa and (NasC1tK+Cl) are remarkably
held eonstant. In addition to osmoconeentration of the
body fluids, M. gravelyi also resorts to intracellular
regulation in vhich amin» acids, partly at least, are
involved.
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INTRODUCTION

WHILE the osmotic behaviour of marine polychates has been studied by
several authors (Schlieper, 1929; Ellis, 1933, 1937; Beadle, 1934, 1937,
1943; Bethe, 1934; and Adolph, 1936), the osmotic properties of their eggs
and larve have received no attention. McClendon (1910 a, b), R. S. Lillie
(1916, 18), Runnstrom (1925), Luke and McCutcheon (1925-26), Bialaszewicz
(1927), Needham (1930), Euphrussi and Rapkine (1928), Needham and
Needham (1930 g, b), Ranzi (1930) and Northrop (1926-27) have performed
experiments on the osmotic properties of the eggs of sea urchins and of Sepia
among the invertebrates, but have not investigated the behaviour of the
larvae and adults of these forms. An investigation of the osmotic properties
of the egg's, of larvae and of the adult of the same species may throw light
on the adaptations of species to different habitats during their whole life
cycle. In the present paper an account of the behaviour of eggs and larva
of the brackish water polychzte Marphysa gravelyi Southern is given and
will be followed later by a study of the osmotic regulatlons of the adult.

MATERIAL AND METHODS

North of the Zoology Laboratory (Madras University) where the
present investigations were carried on is the River Cooum. Except in the
monsoons the river does not flow inte the sea because of the formation of
a sand bar at its mouth. By virtue of the formation of the sand bar at the
mouth, about 100 yards up the river, the bed of the river is sand.y and beyond
it, it becomes gradually soft and clayey. The salinity of the waters at the '
mouth is almost that of seawater and decreases as one travels up the river
into the mterior. In the vicinity of the clayey region the salinity of the water
ranges between 20 °/_, and 34 °/__ in the different months of the year, it being
the minimum during the rainy season and highest in the hotter months.
Thus there are fluctuations in the degrees of salinity all the year round. Here
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may be seen during February to September, and in lesser numbers in the
months of December to February (Aiyar, 1931), numerous pear-shaped
masses of jelly which are the egg-cases of Marphysa gravelyi. Embedded
in this jelly are large numbers of eggs, distributed evenly throughout the
spawn. These egg-cases are firmly rooted in the soft mud by long stalks.
Since the soil is soft, they can, however, be dug out easily. Such egg-cases
were collected carefully and brought to the Laboratory along with the water.
They were left in glass tanks and samples of eggs were removed from the
cocoon from time to time for study. An account of the development has
already been given by Aiyar (1931). As an adaptation to its habitat, the
trochophore stage in the development of Marphysa is eliminated and even
the earlier stages of development are undergone within the jelly. It is only
when a stage which corresponds to the initial metatrochophore stage is reached,
after a period of 3% days, that the larve come out of the jelly and swim about
in the medium. Such larve were collected for experimentation.

The object of the present investigation being the determination of the
effects of different concentrations on the volume changes in the eggs and
larve, it was necessary to measure their volumes. The method suggested
by Weil and Pantin (1931 a, b) was followed in determining the diameter
and area of the eggs and larve respectively. The diameter was measured
direct by making use of an ordinary ocular-micrometer. Instead of a ghost-
micrometer a net-micrometer was used in the eye-piece and the areas of
the larve were directly read off. For every such determination eye-piece
% 5 and objective x40 were used and the magnification kept constant. Since
the eggs are spherical, the volumes of the eggs were calculated by making
use of the formula 1/6 22/7 d* as suggested by Krogh (1939). The volume
of each egg and larva recorded in this paper represents the mean volume
of six readings. For experimentation the eggs and larva from a single
spawn were used.

A. Experiments on Eggs

EXPERIMENT I.—Hypotonic Media and its Effect on Volume Changes in the
Eggs
(a) Increase in Volume in Different Hypotonic Media.—Six eggs of a
single spawn were isolated from the jelly and the diameter was first measured
and the volume calculated. They were transferred to petri dishes containing
sea water of a particular strength for 30 minutes. At the end of which the
diameter of each egg was read and the volume calculated.

In a similar way the experiment was repeated with different concentra-
tions of the medium. Graph 1 indicates that the increase in volume is
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proportional to the dilution of the medium used. This observation agrees
with the results of Lillie (1916) and Runnstrom (1925) on the eggs of Arbacia
and Paracentrotus lividus tespectively.

(b) Volume Changes in Hypotonic Media during Different Intervals.—
400 Eggs taken from a single spawn were left in a petri-dish containing hypo-
tonic medium of a known concentration. The volumes of six eggs were
determined for a period of 3% hours at intervals of every 15 minutes. The
figures recorded indicate that the volume increases in about 30 to 45 minutes
and decreases subsequently (Curve 3, Graph 2). The eggs reach their
original volumes irrespective of the strength of the medium within 3% hours.

(c) Volume Changes in Hypotonic Media during Different Intervals.—
Five to six hundred eggs were immersed in a medium of a particular con-
centration (16-65%,,) and the volumes of six eggs werc determined after an
interval of every 15 minutes for a period of 3 hours and later after intervals
of 4 hours for a period of 40 hoars. Curve 2 in Graph (2) shows the results
of such an experiment. They indicate that the eggs increase in volume
within the first half hour and then begin to decrease in volume. The volume
shrinks to the original level in 3% hours but the decrease continues for about
24 hours till the egg is 92-6; of the original size. There is no shrinkage
beyond this upto a period of 40 hours.

During this decrease in volume obviously due to loss of salts, nearly
41-2% of the eggs died within 24 hours and about 509, died in 40 hours.
It is quite probable that the initial increase in volume was due to the higher
concentration of the egg and later due to loss of salts as well as water there
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was shrinkage of volume. The differences in the rate and amounts in loss
of salts essential for normal well being, probably account for the mortality
of 50% of the eggs—for by 96 hours all the eggs died (vide infra).

(d) Volume Changes in Hypertonic Media during Different Intervals.—
200 Eggs were immersed in a hypertonic medium of 29-73%,, and the
volumes of six eggs were determined after an interval of every 15 minutes
for a period of 3 hours and later after intervals of 4 hours for a period of
32 hours. Curve 1, Graph (2) shows the results of such an experiment.
The readings recorded indicate that the volumes decrease at first and reach
the maximum in 45 minutes and subsequently the volumes increase. The
volume increases to the original level in 3 hours and the increase continues
for about 12 hours till the egg is 106-2% of the original size. There is no
increase in volume beyond this upte a period of 32 hours.

During this increase in volume, obviously due to uptake of salts and
water, nearly 41-6% of the eggs died within 12 hours and about 75% died
in 32 hours. It is quite probable that due to the higher concentration of
the external medium, there is an initial decrease in volume and later due
to uptake of water as well as salts from the medium there is an increase in
volume. The differences in the rates of diffusion of salts and water into
the egg probably account for the different percentages of mortality and also
the final volume being greater than the original.
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A comparison of the Curves 1 and 2 in Graph (2) suggests that as at
A and B the eggs may be isotonic with the two different media used, it is
probable that C gives the osmotic concentration of the egg.

ExPeRIMENT I1.—Effect of Hypotonic Media on the Development : Eggs

(@) On Eggs without Jelly.—Numerous eggs removed from the jelly were
exposed to different salinities. After every 24 hours of such exposure, 100
eggs from each lot were taken and the number of eggs that were dead* were
counted. Column A in Table T gives the results of such a series of experi-
ments. The figures indicate a rise in mortality correlated with a prolongation

TaBLE 1

Effect of Hypotonic Media on Development—On Eggs without jelly,
with jelly and larve

A B (i)
Concentration Egg—Without Jelly Egg—With Jelly Larva
of the medium
Joo
24 48 72 36 24 48 72 24 48 72 96
hrs. | hrs. hrs, hrs, | hrs. | hrs. | hrs. | hrs, | hrs. | hrs. | hrs.
I |
l
Distilled water-+ .. . < .. 5% | 7% | nil
11-40 . .. . e NS 3% | 6% | nil .. .. .. ..
14-45 il .. " e | ee || e [100% [100% [100% {1009
15-39 s b = o i 2% | 6% | nil o g v ia
15-65 = I s 5o ¥ i 3 s v 23;{3 g;://., 23:/}, 53:/o
16-82 i vE o ) . .. . i 4° y 2 %
17-50 . 5 e M as aw i o 2‘,’{: ni]o nil° nil.°
17-78 -+ 33-3%| 86.-6%| 88-3%| 100% ww - . wa o -
17-86 .o “a we .. “s 6% 7','{, nil LL] [
18-42 . 1000%| 83-3%| 84-3%| 100% .. e v . e .. .
20.63 . - .. . . 3% | 3% | nil é'/ | = .. i
20-65 - . . . & .. e ¥ ni nil nil
21-88 AN o i O I R D A T e T
29.18 . .. & .. - 4?/ 2, -:] 1% | nil nil nil
24-33 2 . i . . 3 ni e 53 at -~
30-12 | 6:6%| 66-6%(100-0% 100% ..°‘ 0 I (A DO I
31.05 2 . it U O O %‘ il | ail )| ab
3111 i s om - I . nil | nil nil - e - -
31-30 - o - T e = il nil nil nil nil
33.42 - .. = i ' i = o i nil ’ nil nil nil
I | ‘

of exposure, till all the eggs died after 96 hours. The table also indicates
that the mortality increases in media of lower salinity.

(b) On Eggs with Jelly.—A single, complete and uninjured egg case was
allowed to develop in each of the different media of known salinities. After

*+ Complete cessation of the setting movement of the yolk indicated the outset of death,
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a duration of every 24 hours the number of eggs that were dead were counted.
It is evident from Column B in Table (I) that the rate of mortality is compa-
ratively low and at the end of 72 hours all the eggs hatched out into larvae
irrespective of the salinity of the outside media in which they were left.

B. Experiments on Larve (Initial Metatrochophore)
EXPERIMENT I.—Hypotonic Media and Its Effect on Volume Changes

(a) Increase in Volume in Different Hypotonic Media.—The volumes of
the larve hatched in the laboratory were first determined. Six of them
were left in each of the seven petri dishes containing different concentrations
of brackish water of the natural habitat of the worm. The volumes of these
larve were measured after 30 minutes in each case so as to determine the
effect of the different media on the volumes of the larve. Table II shows
that in and beyond a salinity of 14-43°/__ the larve swell and disintegrate.

Concentration ofl Laivae
the medium Initial mean volume
9 AY 72C u %

|
Distilled water DISINTEGRATES
7+43
9-43
10-83
13-31
14-43

“ .

‘ DISINTEGRATES
16-72 '.:‘

|

T

DISINTEGRATES
17-76 9] 33 24-0
1920
21-10
26.01
96-10
34-14

88-33 227

B4.50 174
8166 13-4

(b) Volume Changes in Hypotonic Media during Different Intervals.—A
number of larve were exposed to hypotonic media of different concentra-
tions graded from 33-52°/_  to 22°/ _ in order to determine their behaviour
at different intervals. They were exposed for 3% hours and the volume
measured at an interval of every 15 minutes. Graph (3) shows that in all
cases the original volume was regained after a duration of 3% hours and
that the larvae are capable of reaching osmotic equilibrium in the different
concentrations of the media.

ExPERIMENT II.—Hypotonic Media and Their Effects on Development : Larve

A number of larva of same age were allowed to continue their develop-
ment in nine different grades of hypotonic media of known salinities in order
to test their effect on the development of the larve. Controls were also



Studies on Osmotic Properiies of Eggs and Larve of Polychate 205

-

— { Series (33 521)
———. II Series (27oL»

g ol ~—=1IIl Series (22'00.)

=

3

£

5

&

-t

Time in Mts,

GraPH 3. Volume Changes in Hypotonic Media during different intervals

maintained. After every 24 hours the rate of mortality was calculated and
Column C in Table I shows the readings of such a series of experiments.
The experiments were continued for a period of 96 hours at the end of which
period all the larva developed into the next stage. . The low rate of mortality
bears testimony to the fact that the larve continued their development irres-
pective of the low salinity of the media in which they were allowed to develop.
It is further evident that larva are not able to tolerate a medium which falls
below a salinity of 14-45°/_ .

DiscussioN

The investigations of Loeb and Westeneys (1915) on the eggs of Fundulus
heteroclitus are of interest since they found that the eggs of this marine fish
can develop and hatch in distilled water. They conclude that the proto-
plasmic membrane of these eggs is impermeable to salts and almost imper-
meable to water, Ramult (1925) who studied the influence of salt solutions
upon the development of Daphnia eggs, Gray (1920, 1932) and Krogh and
Ussing (1937) who studied the eggs of Salmo, a fresh water trout, have come
to a similar conclusion since they found a normal and healthy development
in all of them due to the impermeable membrane,. conserving and protecting
the internal concentration. The envelopes of the eggs of the present form
show that they are permeable both to water and salts and exposure for about
24 hours to a hypotonic medium of 17-78 °/_ proves harmful for the normal
development of about 33-3% of the eggs. If the exposure is for 48 hours
the percentage of mortality of the eggs rises to 86-6%, until at the end of
96 hours all are dead. In a state of nature, however, the eggs are covered
with jelly and changes in salinity through long periods of exposure do not
affect the development of eggs. Therefore it can be concluded that the



-

206 B. ‘Krishnamoorthi

envelop of jelly protects the eggs and serves the same purboses as the non-
permeable egg coats of animals without jelly.

 In the light of the observations made by August Krogh, Agnes Krogh
and Wernstedt (1938) on the osmotic behaviour of the eggs of Pleuronectes
flesus and Crenilabrus exoletus, teleosteon fish, the conclusion that the eggs
of the present form are permeable both to salts and water seems to be justi-
fiable. The behaviour of the eggs, which these authors studied, show that
they decrease in diameter in water of 25-34°/_ at first, but increased to the
original later. The eggs of the Polych®te, Marphysa gravelyi, also decreased
in diameter in water of 29-73°/__ in the first 45 minutes but increased to the
original in 3 hours, suggesting that they are permeable both to salts and
water. Needham (1930), Ephrussi and Rapkine (1928) who studied the
osmotic behaviour of the eggs of Strongylocentrotus lividus during their deve-
lopment stress the fact that they absorb large amounts of salts from the
surrounding water. Ranzi (1930) observes that the eggs of Sepia officinalis
increase in weight, ash content and water content during development. But
in the present form shrinkage in volume due to loss of water and salts is seen.
It is quite probable that due to the loss of salts and water which are quite
essential for a normal and healthy development the eggs die and the rise in
the percentage of mortality is directly proportional to the length of exposure.
But the initial increase in volume in the eggs of the present form is probably
due to the fact that the rate of inflow of water is greater than the rate of loss
of salts, which indicates that the eggs must have had a greater concentration
at the beginning. Similar conclusions were arrived at by Lillie (1916, 1918),
Northrop (1926-27) and Runnstrom (1925) who observed an increase in
the volumes of the eggs of echinoderms when they were subjected to the
effect of different hypotonic media.

The experiments regarding the effect of different hypotonic media on
the volume .changes of the larve suggest that when they are exposed to
different diluted media there is an inflow of water through the skin. But
when they are exposed for a long time, they show a recovery of
the original volume, indicating loss of water probably through the excretory
organs. Since nephredia of the protonephridial type are already developed
at this stage of the larva, it can be supposed that the excretory organs are
responsible for osmo-regulation. Westblad (1922) who came to a similar
conclusion, emphasises the fact that the flame cell system in the turbellaria
is mainly concerned with osmo-regulation. Herfs (1922) by observing the
rate of pulsation of flame cell system in rotifers and trematodes in solutions of
different osmotic pressure, has obtained more direct evidence cf their osmo-
regulatory action. In the light of the above observations it is justifiable to
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conclude that the recovery of the original volume, through the excretion of
the water taken up during swelling, and the maintanance of a constant
internal concentration, must be due to the activity of the protonephridial
organs in the larve.

Krogh and Ussing (1937) further observe that the production of im-
permeable plasma membranes is probably a general mechanism for the
protection of eggs in fresh water against osmotic swelling, a protection which
can be dispensed with when mechanisms for the excretion of water become
functional in the embryo. The observations of Ikeda (1937 a) on the eggs of
Oryzias latipes, a fish living in fresh water and brackish waters of Japan,
furnish another example of this kind. Since in the present form there is
already a larval kidney (of the type of protonephredia) functioning, the '
larvee seem to have dispensed with the protection afforded by the jelly. The
almost insignificant low rate of mortality of the larve when they are exposed
to different hypotonic media further strengthens the conclusion that the larvza
at this stage are able to maintain a steady internal concentration due to the
presence of the functional kidneys which begin to actively excrete water.

The different modes of behaviour as exhibited by the eggs and larve -
when they are exposed to the effects of similar hypotonic media, further
suggest that the eggs can scarcely be supposed to possess mechanisms specially
adapted for invasion of water with fluctuating salinities, whereas the larve
are endowed with well-developed excretory organs which serve as the osmo-
regulatory mechanism, as evidenced by the present investigations.

SUMMARY

1. Experiments regarding the effects of the hypotonic and hypertonic
media on the volume changes are described and the conclusion that the eggs

are passive as far as the transport of the salts and water are concerned is
arrived at.

2. 'The rate of mortality observed when eggs with jelly and without
jelly were subjected to hypotonic media is recorded and the conclusion
that the envelop of jelly acts in the same way as an impermeable membrane
in the case cf eggs of other animals is drawn.

3. The effects of hypotonic media on the volume cf larva is described

and the role played by the excretory organs and their importance in osmo-
regulation is indicated.
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INTRODUCTION

THE present investigation was undertaken to understand the role of osmotic
regulation in the distribution of four species of polychaetes, viz., Glycera
embranchiata, Onuphis erémita, Loimia medusa and Clymene insecta in the
brackish-water zones of Adyar, Madras. O. erimita along with G. embran-
chiata are restricted to the shore and do not occur in the brackish-water
zones: L. medusa occurs in the brackish-water zone but confined only to
regions of higher salinity equal to the salinity of sea-water. The latter spscies
also occurs in the Madras Harbour predominantly marine in habitat. C. in-
secta, on the contrary, occurs only in the upper purely brackish-water reaches.
Volume regulation and their capacities for survival have been used as the
criteria for understanding their distribution and their abilities for osmotic
regulation.

MATERIAL AND METHODS

All the worms for investigation were collected from the Madras sea-
shore and the brackish-water regions of the Adyar Estuary. Only those
worms which were vigorously active were used for experimentation. All
worms either mutilated or otherwise showed signs of injury and/or inactivity
were discarded. Excepting for change of fresh media given daily, no special
care was taken in rearing them in glass troughs in the laboratory. All worms
continued to thrive well for weeks together under these conditions. All
experiments were made at a room temperature of 28-5 - 0-5°C. Animals
marked for experimentation or under experimentation were not fed. All
dilutions were of sea-water made up to the desired concentration
by the addition of distilled water. The volumes were determined by the
method of Lowndes (1942). All values given are the averages of six sets
of determinations,
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RESULTS

Experiment 1. Capacity for Survival in Hypotonic Media—A hundred
worms belonging to each of the four species, viz., G. embranchiata, O. erimita
L. medusa and C. insecta, were exposed to the following three dilutions:
18-62%,, 16-32%, and 10-54%,. In order to judge their capacities for tolerance
of hypotonic media, their rates of mortality were followed at intervals of
24 hours (Table I). The general trend of mortality, which increased with
increasing dilutions, was the same irrespective of the species studied. The
higher the dilution the greater was the rate of mortality. Further the rate
of mortality also increased with the time of exposure. In 24 hours in a2 medium
of 18:62%,, G. embranchiata suffered the maximum rate of mortality of 26%.
C. insecta with only 12% showed the minimum; L. medusa and O. erémita
with respective rates of 24% and 227, ranked in between the two previously
mentioned species. At the end of 48 hours all the four species exhibited
an increased rate of mortality until 96 hours when 98% of G. embranchiata,
0. erémita and L. medusa were dead. C. insecta alone reached only 267, of
mortality. The rates and trend of mortality were similar in other dilutions
of salinities of 16-32%, and 10-34%,. C. insecta alone showed better capa-
cities of survival. They reached as high a per cent. as 98, only in a dilution
of salinity of 10-34%, and that at the end of 96 hours.

TABLE T

% Rate of mortality at intervals of 24 hours in
dilutions of salinity

Name of '
species 18:62% | 16:32% | 10-34%,
24 48 72 96|24 48 72 96| 24 48 72 9
l |
G.embranchiata .. 26 45 82 98|42 56 8 98 | 98 100
, |
0. ertmita .. 22 41 85 98J36 57 88 98 | 100
|
L. medusa .. 24 44 82 9898100 .. .. 100
[
C. insecta .. 12 16 18 26[24 32 48 69 S5 68 74 98

The variations in the rates of survival exhibited by the different poly-
chaetes could only be due to their capacities for osmotic regulation as
reflected by their abilities for volume regulation. In order to test this possi-
bility the following experiments on the effect of hypotonic media on the
volume changes were performed on each of the above four species.
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Experiment II. Volume Regulation in Hypotonic Media in G. embran-
chiata.—Out of a lot of worms collected from the natural habitat and accli-
matised to laboratory conditions, six vigorous worms of similar sizes were
selected and exposed to three dilutions of salinities of 8:62%,, 13-70%, and
20-72%,. They were exposed for a period of 8 hours and their volumes
measured at intervals of 1 hour (Fig. 1). All the worms increased in volume,
in the respective salinities, by 55%, 40% and 28% at the end of the Ist hour
and continued to increase thereafter. By the end of 4 hours they reached
in the respective salinities, the maximum per cent. increase in volume registered
at 60%, 45-6% and 32-7%,. These final volumes reached at the end of 4 hours
were maintained even at the end of 24 hours when further observations were
diseontinued. It may be seen that the per cent. increase in volume increased
with increasing dilutions and that the final volumes reached were also pro-
portionate to the dilutions to which the worms were exposed (Table II).

70r

50r i

PER CENT INCREASE IN VOLUME

5 6 17 8 23 24
TIME 14 HOURS
Fia. 1. Volume changes in G. embranchiata in three different hypotonic media during differ-
ent intervals. (~—‘—-—- 8-62']“;/13-70",1" ; e——e 20:72%) ! -
~ I~

Experiment IIT. Volume Regulation in Hypotonic Media in O. erémita,—A
batch of six worms of equal sizes were exposed to hypotonic media of similar
salinities as used in the previous experimcit. The changes in volumes at
intervals of 1 hour over a period of 8 hours were followed, In all the experi-
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mental media the worms in 1 hour reached the maximum volumes of 607,
44% and 29407 in the respective dilutions of 8:62%,, 13:70%, and 20-72%,.
At the end of 1 hour the volumes decreased reaching in the respective dilutions,
the final volumes of 18-1%, 17-4% and 12-6% at the end of 3 hours (Table II).

TasLe 11
% Increase of volume % Final volume after
Name of after 1 hour in dilutions 4 hours in dilutions
species of salinities of salinities

8:62%, 13:70% 20-72%| 8-62% 13-70% 20-72%

0. erémita .. 60:0 447 29:4 181 17-4  12+6
L. medusa .. 58:6 42-2 26-8 176 156 10-3
C. insecta .. 50-8 358 21-1 104 82 5-2

G. embranchiata 550  40-0  28-0 60:0 455 32-5

These final volumes were maintained during the rest of the period and even
at the end of 24 hours (Fig. 2). The initial increase in volume during the
first hour must be due to the inrush of water against an osmotic gradient
and the subsequent decrease must be due to loss of salts as has been observed
in a number of polychaetes by Schlieper (1930), Beadle (1937) and Krishna-
moorthi and Krishnaswamy (1962).

Experiment IV. Volume Regulation in Hypotonic Media in L. medusa,—
An experiment similar in features and procedure was repeated with L. medusa
as the experimental material. Figure 3 represents diagrammatically the
results of the experiment. This species also increased in volume reaching
the maximum volumes of 58-6%, 42:2% and 26-8% in hypotonic media
of 8:62%,, 13-70%, and 20-727, at the end of one hour and later decreased
in the respective media to the final volumes of 17-6%, 15-6% and 10-3%
at the end of 3 hours (Table II). The final volumes reached at the end of
3 hours were maintained till the end of 8 hours and even at the end of 24 hours
(Fig. 3). The initial increase and subsequent decrease in volume must be
due to similar factors reported for O. ertmita.

Experiment V. Volume Regulation in Hypotonic Media in C. insecta.—
A similar experiment as described earlier was repeated to understand the
osmotic behaviour of C. insecta when exposed to hypotonic media. The
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initial increase in volume at the end of | hour in the respective dilutions of
862, 13-70%, and 20-72%,, however, were 50-8%, 35-8% and 21-1% and
the final volumes 10-4%, 8-2% and 5-2% (Table II, Fig. 4).

60 r

FER CENT INCREASE IN VOLUME

TIME IN HOURS

Fic. 4, Volume changes in C. insecta in three different hypotonic media during different
intervals. (s—s—e—s 8:62%; '{ 13:70%ggs s 20:72%4q.) S

It may thus be seen that except G. embranchiata the rest of the worms,
viz., O. erfmita, L. medusa and C. insecta, showed similar behaviour when
subjected to stresses of hypotonic media. All of them increased in volume
at the end of the first hour and subsequently decreased reaching a final and
steady volume at the end of 3 hours which was maintained even at the end
of 24 hours. The initial increase and the subsequent decrease in volume
must. be due to inrush of water against an osmotic gradient to begin with
and ‘subsequent loss of salts. G. embranchiata alone did not exhibit this
behaviour. Indeed it also increased in volume at the end of 1 hour. But
it continued to increase reaching the maximum at thz end of 3 hours. This
was maintained even at the end of 24 hours. Among the former three species
in an apparently similar behaviour a difference yet could be noticed. The
initial increase in volume at the end of the st hour and subsequent decrease
to a final volume at the end of 3 hours were different in the different species.
While, no matter what the dilution was, both the initial increase in volume
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and the final volume attained were the highest in O. ertmita; in C. insecta
it was the lowest; and L. medusa ranked in between the two. The initial
increase in volume at the end of 1 hour in G. embranchiata was as high as
that of O. ertmita.

REMARKS

All the worms used in the present study without exception exhibited
increase ir volume reaching a maximum during the first hour of their introduc-
tion to experimental dilute media and, excepting G. embranchiata, decreased
subsequently reaching a final steady volume at the end of 3 hours. This
agrees with the observations of Schlieper (1930); Beadle (1937); and Topping
and Fuller (1942) made on a number of polychaetes. However, both the
maximum volume reached at the end of the first hour and the final volume
attained at the end of 3 hours, irrespective of the media used, varied in the
different species. This variation can probably be correlated with the habitats
these worms have been taken from. Whereas G. embranchiata and O. erdmita
were taken from the shore and L. medusa from shoreward regions of the
Adyar brackish-water zones; C. insecta was taken from the upper reaches
purely brackish-water in character. O. erfmita showed the highest initial
increase and the lowest subsequent decrease. L. medusa ranked in between
O. ertmita and C. insecta. In this latter species, namely C. insecta, both the
initial increase and the final volume attained were the lowest. It is known
that increase in volume is pronounced in poikilosmotic than in homoiosmotic
animals (Prosser et al., 1950; Jgrgensen and Dales, 1957). Therefore the
occurrence of C. insecta in the upper reaches of the brackish-water zones
could only be due to greater powers of volume regulation being an euryhaline
form. The stenohaline forms O. erfmita and L. medusa with lesser abilities
for volume regulation have, therefore, very limited distribution restricted
only to the marine dominant regions. G. embranchiata alone among the
forms studied exhibited a behaviour quite different from the others. It
also increased in volume initially. But it continued to increase reaching the
maximum volume by the end of 4 hours which was maintained even at the
end of 24 hours. Although taken from the shore along with O. ertmita,
the responses of this worm to osmotic stresses were thus different from those
exhibited by either O. erémita or L. medusa both taken from marine-dominated
regions. This may perhaps be attributed to the structure of the nephridia
which, in this worm, is different from those of either O. ertmita or L. medusa
or C. insecta (the anatomy and histology of nephridia of these polychaetes
are being published elsewhere). G. embranchiata possesses nephridia of the
protonephromixial type with simple solenocytes performing the excretory
functions. The others possess excretory organs of the mixonephridial type.
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Perhaps the type of excretory organs present in G. embranchiata are inefficient
to meet the demands of baling out copious water that is absorbed against
an osmotic gradient. Among the other polychaetes studied in C. insecta
the proportion of the size of the nephridia to the size of the segment was
greater as also the degree of blood supply (Krishnamoorthi, 1951, unpublished).
The importance of the role played by the nephridia in osmotic regulation
has been stressed in Sabella pavonina by Ewer and Ewer (1943) and in some
Nereidae by Krishnan (1952).

If rates of mortality could be taken a measure of their capacities for
survival in different anisotonic media, a comparison of mortality rates with
volume regulation would be of interest. It was evident that of all the worms
studied only C. insecta showed better capacities for acclimation to dilute
media by suitable volume regulation. While the per cent. mortality of this
polychaete in a salinity of 18-62%, was only 26%; at the end of 96 hours, 98Y%;
of G. embranchiata, O. ertmita and L. medusa died in that dilution at the end
of that period. In lesser dilutions the rates of mortality even at the end of
24 hours were higher in the latter three species than in C. insecta. The rates
of survival among other factors, responsible for the distribution of a species
in space, could only be explained in the light of their capacities for volume
regulation, the greater the regulation the lesser the rates of mortality and
farther the extent of penetration into a brackish-water region. It was small
wonder, therefore, that G. embranchiata, L. medusa and O. erfmita which
exhibited less regulation showed the highest mortality and lesser penetration;
and C. insecta the lowest rate of mortality, better powers of regulation and
greater penetration in the brackish-water zones of Adyar, Madras. Similar
observations on Nereis virens have been made by Sayles (1935).

SUMMARY

1. Salinity tolerance and volume regulation in four species of polychaetes,
viz., G. embranchiata, O. erfmita, L. medusa and C. insecta have been studied.
C. insecta showed lower mortality rates and greater powers of osmoregula-
tion than those of the other three species of polychaetes.

2. The distribution of these polychaetes in the brackish-water zones
of Adyar, Madras, have been explained in the light of their capacities for
tolerance and volume regulation. The probable role of nephridia in the
unusual behaviour of G. embranchiata has been shown.
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INTRODUCTION

Marphysa gravelyi Southern is a common polychaete which occurs in the
muddy substratum of the brackish-water regions of Madras, where salinities
fluctuate over a wide range (Panikkar and Aiyar, 1937). In the labo-
ratory under experimental conditions the worm is able to tolerate dilutions
of sea-water ranging from 20-70% without any ill-effects (Krishnamoorthi,
1951). An attempt was made to see the extent to which the tissues of the
animal would tolerate sea-water dilutions. Similar studies have been
reported by Wells and Ledingham (1940). A knowledge of the toleration
of the tissues to hypo- as well as hypertonic media, will help in uaderstanding
the importance of the constancy of an internal fluid and its regulation,

MATERIAL AND METHODS

Marphysa gravelyi was collected in the brackish-water regions of the
Adyar estuagy. The worms were washed in the medium and kept in water
collﬁ& the estuaq Survival rate was good and the worms remained
in a condition fer over a week. The estuarine water at the time of
collection was of the same strength as 309, sea-water (salinity of sea-water:
32:07%:):

The preparation for recording the activity consisted of a small strip of
the animal 3-2cm. long. The head was removed and the first few anterior
segments were utilised. One end of the worm was pinned o t¢ a piece of
cork and the other end was connected to an isotonic lever. The preparation
was exposed to dilutions of sea-water in a glass tube of 30 ml. capacity ..The
movements were recorded in a kymograph drum, rotating at a very s]w
of 1-5cm. per minute for 5-6 hours. The preparation was exposed to a
constant volume of the experimental medium for a period of aply 15 minutes
so that the shock effects of the change in medium rather than slow
acclimatisation were studied. -

£
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RESULTS
1. .‘.Eﬁéct ‘of Hypo- and Hypertonic Media

Whole worms (Fig. 1) as well as bits of worm (Fig. 6) exhibited spon-
taneous activity which was maintained for long periods of time. No rhyth-
micity could be recognised in the activity. In normal medium there is a
continuous peristalsis going on, there being rapid contractions and relaxa-
tions of the body muscles which is clear from the traces.

When the medium (30% sea-water) is replaced with 259 and 209 sea-
water, there is an increase in activity which is maintained for several hours
(Figs. 4 and 5). The preparation exhibits very rapid contractions of the
body, There is a definite drop in the height attained indicating that the
preparation is in a slightly relaxed condition. In 159 sea-water it is very
vigorous to begin with but trails off at the end of a few minutes (Fig. 3).
When the medium is changed and replaced with 109, sea-water, there is very
little activity at first, but becomes more active at the end of a few minutes
only to remain quiescent again (Fig. 2). If replaced with distilled water there
is practically no activity. In all the hypotonic media below 209, the markings
do not touch the base line indicating of the preparation being always in a
slightly contracted condition.

The preparation, when transferred to hypertonic media of sea-water
diluted to 40-45% and 509, continued to be active (Figs. 7. 8. 9). In 60%,

N AE LT
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70% and higher concentrations the worm contracts and remains so (Fig. 10).
When sucrose or urea is added to the preparation in 30% sea-water, there is
a sudden decrease in activity suggestive of the worms responding to osmotic
stress which seems to be the main factor affecting the behaviour of the worm
(Fig. 11).

2. Effect of Ions

~ Preliminary experiments conducted in the laboratory show that there
is a loss of salts from the worm in hypotonic medium as indicated by change
in conductivity (Table I). It was therefore felt desirable to study the effect
of various ions so as to see how they affect the activity of the animal.

TaBLE 1

Reading at 1 hr, intervals in dilutions of sea-water®

Time

\

10% 20% 30% 40% 50% 60% 0%

; I
Initial .. 0-60x10% | 1-23x10% | 1.70x10* | 2:20x 10% | 2:60x10* | 3-10x10* | 3.90 x 10*

1 hr. .. 0-85X10% | 1-25X10% | 1-70x10¢ | 2:20%10* | 2:60x10* | 3-10x10* | 3-00x 10*
2 hrs. .. 0-68%10% | 1.25%10% | 1-70x10% | 2:14x 104 | 2:55x10* | 3-10x10*

3 hrs, ..| 0-87x10* | 1.27x10* | 1-71x10* 2:19x10% | 2-58x10* | 2-90x 10*

\
4 hrs. .. 0-83x10* 1-25x10% | 1-68x10* | 2:21x10*  2-59x10* | 3-10x10%

* All values are in u mhos taken with a Mullard Conductivity Bridge and a dip-type of
electrode.

Artificial sea-water prepared according to the formula given by Pantin
(1948) and diluted to 309 also elicited responses comparable to normal
medium. The preparation remained active and healthy for several hours
(Fig. 12). The activity in artificial sea-water without the particular ion is
shown in Table II. When worms first treated with Ca' free sea-water,
were subjected to Na' free water, they showed reduced activity (Fig. 17).

’

TaBLE 11
Ton Remarks
Na+ free Activity present (Fig. 13)
K+ free Activity as in Na~ free (Fig. 14)
Cat free Completely contracted but activity present
(Fig. 16)
Mg+ free Complete relaxation. Considerable activity

present (Fig. 15)
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From Table II it would be clear that in K*, Na* and Ca* free ions the
activity is maintained. In Mg" free sea-water the animal shows greater acti-
vity as evident from the traces (Fig. 15).
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REMARKS

The results reported in the present paper clearly show that Marphysa
gravelyi Southern tolerates sea-water dilutions ranging from 20 to 70%,. while
the muscles are active only in ranges from 20 to 50%,. Thirty per cent. seems
to be the optimal salinity where the animals exhibit considerable activity.
Wells and Ledingham (1940) observed a similar behaviour in four species
of polychaetes. The results presented. however, cannot be compared with
the results obtained by Wells and Ledingham (loc. cir.) as only the shock
effects and not the prolonged gradual acclimation have been studied here.
The body volume changes very rapidly on transferring to hypotonic media.
Therefore, there is very little * damping effect * due to body integument.
That the animal becomes very active is very interesting. In hypotonic media
the spontaneous activity is quite evident and shows that the muscles are capable
of working under conditions of reduced salinity up to a point. The effects of
ions clearly show that Na*, K* are essential. Absence of Ca* produces very
little contraction. In the absence of magnesium ions the preparation remains
yery active. Wells and Ledingham (loc. cit.) found that the high Mg* con-
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centration depresses the activity whereas low Mg* content increases the acti.
vity. The present experiments have shown clearly that there is likely to be
a regulation of the essential ions by the worm as indicated by the retention
of activity in very low concentrations of sea-water and also from the results
obtained with ions. Presence of Nat, K* and Ca* appears to be essential for
a proper functioning., It will be interesting to study the ionic regulation
in this animal to see if any particular ion is regulated.

SUMMARY

1. Whole worms as well as body wall preparations of Marphysa gravelyi
exhibit spontaneous activity in full strength as well as diluted sea-water.

2. The preparation is very active in sea-water dilutions from 20 to 50%,,

3. In Nat, K*, Ca* free sea-water activity is present. In Mg+ free sea-
water, the preparation appears to be completely relaxed.

4, While the whole worms tolerate sea-water dilutions ranging from
20 to 709 the muscle preparation appears to tolerate only from 20 to
50% sea-water.
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1. INTRODUCTION

IN a recent paper (Krishnamoorthi, 1962) it was shown that the four
polychaetes studied, viz., Glycera embranchiata Ranganathan, Onuphis erfmita
M. Loimia medusa Savigny and Clymene insecta Ehlers, exhibited differ-
ences in their capacities for volume regulation when subjected to stresses
of anisotonic media. Jurgens (1935), Beadle (1937) and Ewer and Ewer
(1943) have brought evidence of the relative importance of excretory organs
in the volume regulation of the polychaetes they had studied. It is known
that the excretory organs exhibit differences in size and structure in nearly
related species occurring in marine and brackish-water habitats as has been
shown in fishes (Marshall and Smith, 1930; Nash, 1931):in Turbellaria
(Westblad, 1922); in Crustacea (Marchal, 1892; Schlieper and Herrmann,
1930; Schwabe, 1933; Peters, 1935) and in Polychaetes (Krishnan, 1952).
It appeared, therefore, that a knowledge of the anatomy and histology of
the Nephridia of the above four species would throw some light to account
for the differences in their abilities for volume regulation and their distribu-
tion in a brackish-water environment.

II. MATERIAL AND METHODS

The polychaetes studied were obtained from the brackish-water regions
of Adyar, Madras, as well as the shores of Madras. While C. insecta and
L. medusa were taken from the brackish-waters, G. embranchiata and O. erbnita
were taken from the intertidal zones of the Madras coast. The worms were
collected and brought to the laboratory in earthen pots immediately. They
were narcotised to ensure an extended condition with Chloral Hydrate and
Menthol before fixing them. Gradual addition of 309 alcohol was also
found suitable for narcotisation. Bouin’s fluid, Duboscq Bouin, Zenker’s
fluid and Susa were found most suitable for fixation. Sections were cut
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on a Spencer’s Rotary Microtome to 4 to 7 i thickness and were stained with
Haemotoxylin or Borax Carmine which gave excellent results. All diagrams
were made with the aid of a Camera Lucida. An ordinary micrometer was
used for measurements recorded, keeping the magnification 5 x8 constant.

[II. (A) NepurIA IN O. ertmita TR

(i) Previous work

Ehlers (1864) was the first to study the nephridia in Eunicidae. But
it was Goodrich (1900, 1945) who gave a detailed account of the nephridia of
Eunicidae. Fage (1906) added to this knowledge describing the nephridia
in some more genera. Aiyar (1933) confirmed the mixed nature of the nephri-
dium in Marphysa gravelyi Southern, a common Eunicid of Madras.

(i1) Structure

The nephridia in O. erémita, as in all Eunicidae, occur a pair per segment
except in the few anterior and posterior segments where there are none at all.
It is trumpet shaped with a wide nephrostome and a tapering nephridial
canal which becomes the narrowest before opening out by the nephridiopore
(Fig. 1). Each nephridium occupies a position lateral to the longitudinal
muscle and ventral to the pigment gland. It starts from the outer edge of
the ventral longitudinal muscle and following its contour, runs outwards.
At the level of the circular layer of muscles, it pierces through it as well as
the epidermis to open by the nephridiopore at the base of the neuropodium

The broad nephrostome, with the anterior lip very close to the inter-
segmental septum and the posterior lip freely hanging into the segment, is
cup-shaped (Fig. 2). The concavity of the cup is turned towards the coelomic
space. It gradually narrows down till it becomes continuous with the
nephridial canal. The walls of the nephrostome are made up of a single
layer of similar cells 10  in length, with uniformly granulated and transparent
cytoplasm. But the cell limits are not clear. Each cell bears a number of
cilia packed together and overhanging the lumen of the nephrostome. Nuclei
are excentric being towards the proximal end (Fig. 3). The nephrostome,
except where it opens into the coelomic cavity, is surrounded immediately
by the coelomic epithelium and an outer much vacuolated connective tissue.

The commencement of the nephridial canal from the narrower end of the
nephrostome is not well demarkated. Cross-sections and longitudinal
sections (Figs. 4 and 5) reveal that the walls of the nephridial canal are made
up of a single layer of cubical cells 2« in length with not very distinct cell
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limits. In addition to small granules, bright refringent bodies and vacuoles
are present in the cells. The lumen of the canal is of uniform size all through
its entire length except at the region of the nehpridiopore where it becomes
constricted before opening to the outside. The nephridial canal, as the
nephrostome, is surrounded immediately by the coelomic epithelium and
an outer much vacuolated connective tissue.

At the time of maturity the nephridia take on the function of the genital
ducts. In a gravid worm the nephrostome becomes much enlarged (Fig. 6)
so also the nephridial canal to facilitate the passage of the genital products.
Such a condition could be noticed only in the nephridia of the posterior seg-
ments and perhaps only the posterior segments are concerned in this process,
while the nephridia of the anterior segments continue their excretory function.
Similar observations in Eunice sp. have been made by Goodrich (1900).

ITI. (B) NEPHRIDIA IN Loimia medusa SAVIGNY
(i) Previous work

We owe our knowledge of nephridia in Terebellids to Milne Edwards
(1838), Keferstein (1862), Cunningham (1887 @ and h), Schneider (1899),
Cosmovice (1880) and Hessle (1917).

(i1) Structure

In L. medusa there are three pairs of nephridia—one in the cehpalic region
consisting of the first three segments and the other two in the trunk region
made up of the rest of the segments. The first pair is located in the III seg-
ment while the second and the third pairs are disposed inter segmentally
between the VI-VII segments and VII-VIII segments respectively. A
diaphragm demarkates, at their region of the IV-V segments, the cephalic
and the trunk regions (Fig. 7). This division of the body and the arrange-
ment of the nephridia in L. medusa recalls the description of nephridia in
Pectinaria belgica (Cunningham, 1887) which, however. has one more pair
in the trunk region.

(a) Nephridia of the Cephalic Region.—Commencing from the nephro-
stome which is situated near the gut, the first part of the nephridial canal is
very narrow and runs 'dorsalwards to open into a wider part which is longer
and runs straight outwards, after an initial twist, to the parapodia of the
segment II, to open out by the nephridiopore on an elevated papilla (Figs. 8
and 9).

The nephrostome is spherical and globular in shape with a wide slit in
the middle by which it opens into the coelomic cavity near the gut (Fig. 10).
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The wall of the nephrostome is formed of a single layer of cells, 6 to 7 p long
with indistinct cell boundaries. All the cells of the inner wall of the nephro-
stome carry a number of cilia measuring 15 long directed towards the
nephridial canal. The lumen of the nephrostome is broad and does not
decrease in size. Further there is no trace of either coelomic epithelium or
connective tissue surrounding the nephrostome. Unlike in Lanice conchilega
and Arenicola (Cunningham. 1887) the nephrostome is not provided with
digitate processes.

In a nephridium of 1140 4 long, the first and the narrower part of the
nephridial canal, 20 1 long. commences its course a little excentrically from
the nephrostome (Fig. 10). Its wall is one cell thick (Fig. 11). The cells
have indistinct boundaries but have prominent deeply staining nuclei. The
-cells bear cilia 8-10p long. The cytoplasm is uniformly granular.
Vacuoles occur but rarely. Cellular inclusions like the refringent bodies
are absent. It opens into the wider part of the nephridial canal.

The wider part measuring 1120 u in length is also one cell thick (Fig. 12).
The cells are 8 « long and have better differentiated boundaries and centrally
placed prominent nucleus. They bear longer cilia measuring about 20
long.

The cytoplasm is more granular towards the periphery of the cells and
contains large refringent bodies. Hence this part of the nephridial canal
is darker in colour than the rest. As Schneider (1899) describing such a
condition in the nephridial canal in Pectinaria hyperborae, Terebellides
stromii, Polymnia nebulosa and Polymnia nidensis considers the cells engaged
in active removal of excretory products, this dark-coloured part of the
nephridial canal in L. medusa may also be capable of a similar function.

(b) Nephridia of the trunk region.—These nephridia (Fig. 13) differ
from the cephalic nephridia in the absence of the narrow region of the nephri-
dial canal so that the lumen is wide throughout—fit for the passage of the
gonadial cells. Nevertheless, there is considerable similarity in the nephro-
stome being spherical and globular; the nephridial canal opening out on
an elevated papilla; the cells of the wall of the canal having refringent bodies.
It 1s probable that they discharge excretory function with equal efficiency.
There is no common chamber or tube connecting all the nephridia as in
Pectinaria belgica (Cunningham, 1887).
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III. (C) NEPHRIDIA IN Glycera embranchiata RANGANATHAN
(1) Previous work

Nephridia in G. unicornis, G. siphonostoma and G. convolutus have been
described (Goodrich, 1898). Fage (1906) has described the nephridia in

G. alba and G. tessellata. Ranganathan (1942) created the species and gave
a brief description of the nephridium.

(i) Structure

The nephridia in this form, as in all other Glycerids, are of the proto-
nephromixial type (Fig. 14) and occur in all segments excepting a few anterior
and posterior ones. Each nephridium consists of two parts, the proto-
nephridium and the coelomoduct. The protonephridium is a large sac-like
swelling provided with characteristic solenocytes; and leads into a narrow
duct opening to the exterior. The coelomoduct is modified to form a funnel-
shaped ciliated organ leading into a phagocytal sac (Goodrich, 1898).
Composed of these parts each nephridium is intersegmental in position, the
major portion being in front of the septum and the post-septal part being
only of the duct, opening at the base of the parapodium.

The protonephridium is without an opening into the coelomic cavity
and consists of a sac-like nephridial swelling and the nephridial duct. The
wall of the nephridial swelling is of a single layer of syncytial cells of granular
character, enclosing a large cavity into which the solenocytes open. Each
solenocyte is a spherical mass of protoplasm which narrows into the proximal
transparent part attached to the nephridial swelling (Fig. 15). This narrow
stalk-like portion is hollowed into a tube which dilates into a large intercellular
cavity within the lumen of the cell (Fig. 16). The nucleus is situated at the
spherical end.

The nephridial duct is the narrow outward extension of this sac extending
from the level of the septum to the ventral region of the parapodia where
it opens to the exterior by a narrow circular nephridiopore. The walls of
the duct, as in the nephridial swelling, are syncytial with scattered nuclei and
uniformly granular cytoplasm (Fig. 17). The lumen of the duct is continuous
with the cavity of the nephridial swelling and contain excretory products.

The presence of the excretory products in the lumen of the nephridial
duct suggests their passage into it by the action of the solenocytes which
probably absorb them from the coelomic fluid. Similar observations have
been made by Goodrich (1898) in Glycera siphonostoma and by Fage (1906)
in Glycera tessellata.
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The coelomoduct part of the nephridium is an extremely short funnel-
shaped ciliated organ dilating into the phagocytal sac. The opening at the
free end of the funnel-like ciliated organ, is a wide transverse slit bounded
by thick upper and lower lips. The upper lip has a transverse groove on its
dorsal surface running parallel to the edge. The cavity within the ciliated
organ is lined by numerous cilia which by their movements drive the excretory
products along with the coelomic fluid into the phagocytal sac. The lips
consists of cuboid cells 8 » long.

The phagocytal sac is longer and wider than the ciliated organ. It is
a thick-walled sac. Communicating in front with the ciliated organ, it is
continued behind into a short blind tube which ends posteriorly to the
septum. The cells forming the wall are cuboid and 12 . long, whereas those
of the blind tube are much smaller. In Glycera siphonostoma and Glycera
unicornis (Goodrich, 1898) there are two blind caecae which increase the
surface of this phagocytal sac. The large cuboid cells of this sac are phago-
cytal in character. The excretory bodies wafted into the sac along with the
coelomic fluid are ingested by the cells of the sac. As there is no external
outlet, it is not clear how these bodies are disposed of. Goodrich’s (1945)
suggestion that these bodies may be later digested by the cells and the waste
matter may be passed through the walls of the protonephridial duct and thus
reach the outside, seems likely.

1II. (D) NEPHRIDIA IN Clymene insecta EHLERS

(i) Structure

There are four pairs of nephridia occurring in segments VI, VII, VIII
and IX and each nephridium is of the mixonephridial type and extends the
whole length of the segment. It is looped and consists of a nephrostome
and two limbs of the nephridial canal, an outer limb running close to the body
wall and an inner limb away from it. The inner limb opens out by the nephri-
diopore at a distance approximately 1/3 the length of the segment from the
septum (Fig. 18). Invariably the third pair of nephridia is the largest in
size.

The nephrostome, which is funnel-shaped, has a transverse and elliptical
opening, the axis being 96 » long and consists of two lips. The upper lip
of the opening is closely attached to the septum while the lower lip hangs
freely in the coelomic cavity. Its walls are made up of a single layer of uni-
form cubical cells. Each cell, 8 x long, has a spherical centrally placed nucleus.
The surrounding cytoplasm is granular, granulation being more at the proxi-
mal end. Cellular inclusion like the refringent bodies are absent (Fig. 19).
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Arising from each cell and hanging into the lumen are a number of long
cilia measuring about 15x. The lumen is of uniform size throughout the
length of the nephrostome and is full of waste matter probably of a nitro--
genous nature. The outer side of the nephrostome is covered by an extension
of the coelomic epithelium which. however, stops short of the lips. The
nuclei are uniformly distributed in this layer. Surrounding it is the loose
and much vacuolated connective tissue which serves to fix the nephrostome

to the wall of the coelomic cavity where the nuclei are not distributed
uniformly.

Though the opening is larger and elliptical in form the two lips appear
always apart. The inflow of the coelomic fluid is thus uninterrupted.

The nephridial canal is a narrow tube commencing from the narrow
end of the funnel-shaped nephrostome. Itis 1-2 mm. long with a cnstriction
beyond 1-1 mm., and it bends about it. The walls of both the limbs are
made up of a single layer of uniform cubical cells each having a size of 10
(Fig. 20). The outer longer limb is darker in colour, has granular cytoplasm
and contains refringent bodies (Fig. 21). The cells of the nephridial canal
contain vacuoles, also indicating water elimination. Arising from each cell
of both the limbs are number of hair-like cilia which in a living worm can
be seen actively beating away from the nephrostome. They hang freely
into the lumen. Surrounding the limbs and very close to them lies the
coelomic epithelium with its uniformly distributed nuclei. Outside the

coelomic epithaliunt and surrounding the limbs is the connective tissue with
its scattered nuclei.

IV. BLoOD SUPPLY TO NEPHRIDIA

The blood supply, the nephridia of Polychaetes receive, deserves atten-
tion because the amount of blood supply is not only a measure of the degree
of metabolic activity but also throws light on the nature of their activity.
In the Eunicid, O. erfmita, the nephridia receive blood by a branch of the
ventral blood vessel as in Eunice sp. (Goodrich, 1900). The main branch
of the ventral vessel supplies the parapodia as well as the branchia and before
it proceeds to the parapodia and the branchiae proper, it gives a subsidiary
branch to the nephridium which breaks into capillaries on the nephridial
body and is brought back by the general circulation of the blood to the epi-
dermis. Several of the capillaries end blind within the nephridia as in
Marphysa sanguinea, also an Eunicid (Fuchs, 1906). The nephridia of
L. medusa are supplied by a vessel directly from the ventral blood vessel as
in Terebella conchilega (Cunningham, 1887), and contain blind-ending
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capillaries. As far as can be studied from sections the blood supply in
C. insecta and G. embranchiata also is similar to the other forms studied.
- | TaBLE A
Blood supply in the four species of Polychaetes studied

_ Number of blind-ending capillaries in the worms

Genera N\
Ist 2nd 3rd 4th 5th  6th Average
Glycera 12 12 I 12 12 12 11-83
Q_nuphis .. 16 16 16 15 16 15 15-66
L:)imia wu A6 17 '16 16 17 17 16-50
Clymene .. 23 23 23 22 22 23 22-66

However, it is evident (Table A) that the number of blind-ending
capillaries vary in the different forms. If the number of such capillaries
(which are obviously of importance because the blood they bring is un-
doubtedly irrigating the nephridial tissue) be counted and used as an index
of the degree of vascularisation, we will have a basis for the comparison of
different types of nephridia, and their grade of renal activity, as has been
suggested by Jaquet (1885), Meyer (1888), Cosmovice (1880) and Ewer (1941)
for the polychaetes studied.

V. EXTENT OF THE EXCRETORY SURFACE OF THE NEPHRIDIUM
RELATIVE TO THE SIZE OF THE WORM

Evidence from the study of the structure of the nephridia of different
polychaetes go to show that since the nephrostome does not take part in
the actual process of excretion, except to aid in the collection of nitrogenous
waste matter, the nephridial canal, lying between the nephrostome and the
external opening, must be responsible for the different renal processes. The
length of the canal, implying the greater number of cells, may therefore be
an index of the excretory capacity of the nephridium of any animal. In order
to arrive at some value likely to be constant for different genera of polychaetes,
the ratio between the length of the nephridial canal to the length of the worm
was determined in the different forms studied and tabulated (Tables I, II.
and II1). Such a ratio was not derivable for Glycera embranchiata because
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the cells of the wall of the nephridial canal are of syncytial nature and measure-
ments are not likely to be accurate. It is evident from the tables that in
C. insecta the ratio is higher than in either O. erfmita or L. medusa. Such
a grading on the basis of the excretory capacity tallies with their powers of
tolerating dilution of the media and migration up the river (Krishnamoorthi,
1962). Whereas C. insecta is a pronouncedly euryhaline form, both
0. ertmita and L. medusa are stenohaline. Such a correlation between kidney
structure and the habitat has been studied in Crustacea (Grobben, 1881
Schwabe, 1933; Panikkar, 1941); in fishes (Marshall and Smith, 1930) and
in Polychaetes (Krishnan, 1952).

TasLE |
Onuphis erfmita—Extent of the excretory surface relative to the
length of the worm

Length of Length Length

Length No.of eachcell No.of  of the of the

No. ofthe  seg- of the such  nephridial excretory
worm ments nephridial cells canal surface

mm, canal I I
M
I 252 250 2 68 136 68000
2 248 232 2 64 128 59392
3 264 258 2 65 130 67080
4 238 220 2 63 126 55440
5 210 200 2 63 126 50400
6 272 265 ;- 66 132 67960
Ave-

rage 247 61212

The ratio between the Jength of the excretory surface and the length of the worm: 61212:
247000 :: 0-247 :1,

VI. REMARKS

Among the polychaetes studied, three, viz., O. erbmita, L. medusa and
C. insecta, possess nephridia of the mixonephridial type, while in G. embran-
chiata it is of the protonephromixial type with solenocytes performing the
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function of excretion. Even among the former three forms, in O. erénita
and in L. medusa the nephridia are simple in structure and small in size com-
pared to that of C. insecta which has a nephridium with the nephridial canal
long and bent on itself. While in O. erfmita and in G. embranchiata there
are a pair to each of the segment except in the anterior and posterior few
segments where they are absent, in L. medusa there are only three pairs and
in C. insecta four pairs. Further in the blood supply they receive and in the
ratio of the excretory surface to the length of the worm they differ. While
in C. insecta the nephridia receive the maximum blood supply (22-60 units)
with the maximum excretory surface (1: 0-310) in O. erdnita the blood supply
is 15-66 units and the excretory surface (ratio) is 1:0:247 and in L. medusa
they are respectively 6-50 units and 1: 0:225. In G. embranchiata the blood
supply is 11-83 units. These differences could perhaps be attributed to
their capacities for osmotic regulation as reflected by volume regulation and
related to their habitats.

TasLE II
Loimia medusa—Extent of the excretory surface relative to the
length of the worm
Length of Length Length
Length No. of each cell No. of of the of the
No. ofthe seg- of the such nephridial excretory
worm  ments nephridial cells canal surface
mm. canal m u
F : .
] 30 3 8 140 1120 _ 6720
NV 32 3 8 142 1136 6816
3 30 3 8 142 1136 681_(:
4 32 3 8 140 1120 S 6720
5 30 3 8 140 1120 6720
6 30 3 8 140 1120 6720
Ave- e B
rage 3l 6752

~ The ratio batwzen the length of the excretory surface and tfu: length of the ion:n:
6752 :31000 :: 0-225:1. ' =3
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TasLe 111
Clymene insecta—Extent of the Excretory surface relative to the
length of the worm
Length of Length Length
Length No. of each cell No. of  of the of the
No. ofthe seg- of the such nephridial  excretory
worm ments nephridial cells canal surface
mm. canal p u
73
1 25 4 10 111 1110 8880
2 26 4 10 109 1090 8720
3 24 4 10 110 1100 8800
4 25 4 0 109 1090 8720
5 25 4 10 110 1100 8800
6 24 4 10 110 1100 8800
Average 25 8780

The ratio betwaen the length of the excretory surface and the length of the worm:
8780:25000::0-31: 1,

It was argued in an earlier paper (Krishnamoorthi, 1962) that C. insecta
showed better powers of volume regulation and consequently greater penetra-
tion into the brackish-water zones of Adyar, Madras. From the present
investigations have emerged out further evidences to justify the role and
importance of nephridia which may have enabled these polychaetes for better
adjustments to a changing environment and to account for their distribution.
The excretory surface is the maximum in C. insecta compared with those
of either O. ertmita or L. medusa, implying that the nephridia are bigger in
the former species than in the latter two species. A bigger kidney is certainly
an advantage to meet the demands of baling out of water that enters in against
an osmotic gradient. It further helps in keeping down the swelling of the
animal to the minimum required for the maintenance of a constant internal
environment for the smooth functioning of the body tissues and other organ
systems. L. medusa and O. erfmita, possessing as they do smaller nephridia,
have limited powers of regulation. G. embranchiata none at all. Grobben
(1881), Schwabe (1933) and Krishnan (1952), examining a number of crusta-
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ceans or polychaetes belonging to same families and genera, have shown that
in the stenohaline forms the kidney is the smallest while in freshwater forms
it is the biggest. the brackish-water forms ranking in between the two. In
the light of the above observations, it appears reasonable to conclude that
the relatively large size of the nephridia in C. insecta is a definite advantage
which has enabled this polychaete a greater penetration into the brackish-
water zones and better adaptation for volume regulation calculated to meet
the demands of a fluctuating environment. O. erbmita, L. medusa and
G. embranchiata with smaller nephridia are confined to the mouth of the
brackish-water regions characterised by stable conditions. From the above
it also appears reasonable to suppose that the expenditure of energy would
be greater, the higher the grade of adaptation and the greater the excretory
effort. The importance of vascularisation of the nephridia viewed in this
light needs no emphasis. Of the polychaetes studied the blood supply the
nephridia receive in C. insecta is the maximum, with L. medusa, O. ertmita
and G. embranchiata following in the order mentioned. This is only to be
expected since C. insecta alone is found in the upper reaches of the brackish-
water regions while the other polychaetes have hardly passed beyond the
limits of the mouth of the brackish-water regions. Krishnan (1952) has made
similar observations in the three Nereids he has studied.

VII. SUMMARY

. The anatomy and histology of four species of polychaetes, viz.,
O. ertmita, L. medusa. G. embranchiata and C. insecta are given.

2. The nephridia in O. erfmita, L. medusa and in C. insecta are of the
mixonephridial type while in G. embranchiata it is of protonephromixial
type with simple solenocytes performing the function of excretion. There
is a pair to each segment in the former two species excepting in the few anterior
and posterior segments. But in L. medusa there are only three pairs and in
C. insecta four pairs.

3. The blood supply to the nephridia and the extent of the excretory
surface to the length of the worm are given. Both in blood supply and in
the excretory surface C. insecta showed the maximum development.
L. medusa, O. erbmita and G. embranchiata showed lesser grades of develop-
ment in the order mentioned.

4. The differences in the blood supply the nephridia receive and in the
extent of the excretory su;fgce to the length of the worm have been argued
as due to the different capacities for osmotic regulation as reflected by volume
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regulation. Taking this a measure their distribution in a brackish-water
environment has been explained.
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EXPLANATION OF PLATE X

Onuphis erbmita

Diagrammatic represeatation of a single whole nephridium (> 400).
Longitudinal section through the nephrostome of the nephridium (x450).
Cross-section through the nephridial canal of the nephridium (x450).
Loaagitudinal section through the nephridial canal of the nephridium (x400).
Section of a single cell of the nephridial canal (x1,350).

Cross-section through the nephrostome during the maturation period (x400).

Loimia medusa

Longitudinal section through the anterior 8 segments showing the distribution of the
3 pairs of nephridia (x40).

Longitudinal section through the terminal part of the nephridial canal just before open-
ing to the exterior (x200).

Longitudinal section through the terminal part of the nephridial canal of the nephridium
to show the opening to the exterior by the nephridiopore on an elevated papillae
(% 400).

Loagitudinal section of a single whole nephridium of the cephalic region (x 200).

Longitudinal section through the nephridial canal of the nephridium (¥ 900).

Cross-section through the nephridial canal (x 280).

Longitudinal section through the nephridium of the trunk region (X 200).

Glvcera embranchiata
Diagrammatic representation to show the composite nature of the nephridium ( x 400).
Longitudinal section through a solenocyte (% 900).

Cross-section through the nephridial swelling showing the opening of the solenocytes
into the lumen of the nephridial swelling (x 450).

Cross-section through the nephridial canal (» 450).

Clymene insecta

Longitudinal sections through a segment showing the location of nephridia (x 400).
Cross-section through the nephrostome of the nephridium (x 450).
Longitudinal section of the wall of the nephridial canal (x 450),

Cross-section through the two limbs of the nephridium (x200).

ABBREVIATIONS USED

AC, Alimentary canal; BC, Blind ending capillaries; BV, Blood vessel; C, Cilia; CE.,
Coaclomic epithelium; CO, Ciliated organ; CS, Concrements; CT, Connective tissue; D, Dia-
phragm; EP, Epidermis; EM, Flagellum; IL, Innerlimb; LLM, Longitudinal layer of muscles;
LN, Lumen of nephrostome; LNC, Lumen of the nephridial canal; LNS, Lumen of the nephridial
swelling; N, Nephrostome; NC, Nephridial duct; NP, Nephridiopore: NS, Nephridial swellirg;
NT, Nephridia of the trunk region; NU. Nucleus; NCR, Nephridia of the cephalic region;
0, Ovum ; OL, Quter limb; P, Papilla; PS, Phagocytal sac; PT, Proximal tube; RB, Refringent
bodies; SC, Solonocytes; SE, Septum: TC. Terminal chamber; TNC, Terminal part of the
nephridial canal; V. Vacuoles.
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1. INTRODUCTION

ATTENDANT upon the stresses of an anisotonic and fluctuating environment,
a brackish-water organism acquires many adaptations that contribute to
its successful colonisation. In the brackish-water zones of Adyar, Madras,
Diopatra variabilis (Southern), a polychaete, occurs in large numbers along
with Marphysa gravelyi Southern. Although the osmotic properties of the
eggs and larvae of the latter species have been studied (Krishnamoorthi,
1951) and the life-history of the former species has been reported (Krishnan,
1936), very little is known of the osmotic behaviour of the eggs, larvae
and the adults of D. variabilis Southern under heterosmotic conditions.
The importance of such studies for a fuller understanding of the adaptation
of a species through ontogeny, to a fluctuating environment, has been more
recently stressed (Beadle. 1957). With this object in view the following
study was undertaken.

II. MATERIAL AND METHODS

The worms along with their tubes were collected from the brackish-
water zones of Adyar, Madras, and brought to the laboratory in earthen
pots. At the laboratory they were immediately transferred to clean glass
troughs. The worms as well as the egg-cases were taken out, for experi-
mentation, by cutting open the tubes. The jelly-like egg-case of D. varia-
bilis is similar to that of M. gravelvi but is small in size and attached to the
inside walls of the tube. A single egg-case would contain a few hundreds
of spherical eggs. They were reared in the laboratory and the larvae so
hatched were used for experiments. No special care was needed for cul-
turing them. All experiments were performed at room temperature of
295 - 0-5°C. All dilutions were of sea-water made up to the desired
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concentration by the addition of distilled water. The method of Weil and
Pantin (19314 and b) as followed in an earlier paper (Krishnamoorthi,
1951), was adapted for the determination of volumes of eggs and larvae.
But for determination of volume of the adults, the method of Lowndes (1941)
was “followed. All readings given are the averages of a minimumr of six
determinations. In all the experiments controls were run.

ITII. (A) EXPERIMENTS ON EGGS

1. Effect of different hypotonic media.—Six out of a lot of eggs isolated
from a single spawn were left in each of the six hypotonic media of the
following concentrations: 20-66%,, 16-347,,, 14-427%,. 11-06%, 7-04%, and
distilled water, contained in six separate petri-dishes, after determining the
initial volume of each egg. They were exposed for a period of 30 minutes,
after which time the final volume of each egg was determined. A prelimi-
nary experiment had shown that the eggs attain the maximum volume
by the end of 30 minutes. Figure I indicates the results of the above experiment.
It may be seen that the final volume attained in each of the six dilutions
was directly proportional to the concentration of the medium similar to
the behaviour of the eggs of M. gravelyi (Krishnamoorthi, 1951) and the
eggs of the sea urchin (Lillie, 1916, 1918; Northrop, 1926-27).
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Fis. 1, Eggs—Increase in volume in different hypotonic media.

2. Effect of a single hypatonic medium on volume during different intervals
over a period of 8 hours.—Qut of a single spawn, a batch of 400 eggs of similar
size was selected and after determining the initial volume of six eggs, the
entire batch was exposed to the stresses of a hypotonic medium of strength _
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of 16-347, contained in a petri-dish. The volume of six eggs selected al
random out of this batch was determined at intervals of 15 minutes, over a
period of 8 hours. It may be seen (Fig. 2 ») that the eggs increased to the
maximum volume at the end of 30 minutes, and thereafter began to decrease
in volume. The decrease continued for about 5hours, till the eggs were
about 96-4%, of the original volume. No further shrinkage was seen for
a period of 8 hours, when the experiment was stopped. The initial increase
in volume was perhaps due to the intake of water, the concentration of the
eggs being higher than the surrounding medium. The later decrease in
volume may be due to subsequent loss of salts and consequent lowering of
the concentration of the eggs.

5.0t A
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Fic. 2. Eggs—Volume change in hypotonic (B:16-34%,) and in hypertonic (A:27-39%,)
media during different intervals.

3. Effect of a single hypertonic medium on volume during different
intervals over a period of 8 hours.—From a single spawn, a batch of 600
eggs of equal size was isolated and from this batch, after determining the
initial volume of each of the six eggs randomly selected, the rest were sub-
jected to the rigours of a hypertonic medium of 27-39%, contained in a
petri-dish. The final volume attained at intervals of every 15 minutes, of each
of the six eggs selected at random, was determined over a period of 8 hours
(Fig. 2a). It may be seen that the eggs to begin with shrank, the volume
reaching the maximum decrease at the end of 30 minutes. Thereafter it con-
tinued to increase till the end of 4} hours. No increase in volume was
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noticed after this period till 8 hours, when further observations were stopped.
The initial decrease in volume is probably due to the stress of a more con-
centrated external medium. Subsequently, due to inrush of salts and rise
of concentration within the egg, the eggs perhaps increase in volume.

4. Effect of different hypotonic media on the rate of mortality of eggs
without jelly.—Numerous eggs were carefully isolated from the jelly and left
to continue their development in separate petri-dishes containing hypotonic
media of different concentrations, After every 3 hours of such exposure,
the number of eggs that were dead from out of 100 eggs selected from each
of the concentration, was counted. The rate of mortality was not only
proportional to the dilution but also increased with time, so much so 96%
of them died even in a concentration of 24-229%, (Table I, Col. A).

5. Effect of different hypotonic media on the rate of mortality of eggs
with jelly.—A single uninjured cocoon collected from the tube of the animal
was left in each of the different dilute media of known salinities. At the
end of every 3 hours, the number of eggs that were dead in a lot of 100 eggs,
were counted. It is evident that the rate of mortality is comparatively lower
(Table I, Col. B) and the eggs continued their development even at the end
of 12 hours, irrespective of the surrounding medium being dilute.

III. (B) EXPERIMENTS ON LARVAE—Metatrochophore STAGE

6. Volume changes in different hypotonic media.—The initial volumes
of six randomly selected metatrochophore larvae, out of a batch of few
hundreds, were determined. The rest were left in petri-dishes of sea-water
diluted to desired strength. The volumes of six larvae selected at random
belonging to each of the dilutions were determined at the end of 30 minutes.
A preliminary experiment had shown that the larvae attained the maximum
volume at the end of 30 minutes. It may be seen (Table II) that the increase
in volume over the initial volume in each case was proportional to the dilu-
tion of the medium. It may also be seen that in dilutions less than 19-06%,
the larvae became bloated and broke up. The greater the dilution, the
greater was the percentage of disintegration of the larvae.

7. Volume changes in hypotonic media during varying intervals.—Qut
of a batch of larvae hatched out in the laboratory, about 400 of them were
left in two hypotonic media of 19-6%, and 21%, concentrations, after deter-
mining the initial volumes of six larvae selected at random out of this batch.
The volumes of six larvae, also selected at random, from each of the con-
centrations were determined at intervals of every 15 minutes over a period
of 6 hours. In both the dilutions the larvae attained the maximum volume
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TasLE 11

Increase in volume in different hypotonic media

Increase in volume after 30 minutes

Concentration (initial mean volume: 90 c.p)
of the medium —
% Volume in c.p Percentage

26-28 92 22
22-32 96 6-66
21-02 112 24-44
19-06 120 33-33
17-74 10% Disintegration
15-68 159, Distintegration
10-92 20%; Disintegration

Distilled water 409 Disintegration

(Fig. 3) at the end of 30 minutes. Also the increase in volume over the initial
was higher, greater the dilution. They were 31-12% and 23:91% in the
respective concentrations of 19-6%, and 21%.. Thereafter, the volumes
decreased gradually and steadily to reach their original volumes at the end
of 4} hours and 4 hours respectively. The initial increase in volume was
perhaps due to inrush of water and later due to loss of salts the volume is
regained. The sharpness of descent in the behaviour of larvae in 21%,
dilution in contrast to the behaviour of the larvae in 19%,, especially during
the first 2 hours of recovery, makes one believe that the organs of excretion
may also work vigorously when the osmotic gradient is high.

8. Effect of hypotonic media on the rate of mortality.—In each of the
seven different hypotonic media of concentrations 26-62, 24-78, 19-23,
17-26, 15-42, 10-80 parts per mille and distilled water. a number of larvae
were allowed to continue their development. After every 24 hours the number
of larvae dead out of a known number of larvae selected from the batch,
was noted. The experiments were continued over a period of 96 hours,
the time required for the metatrochophores to develop into the next necto-
chaete stage. The low rate of mortality (Table I, Col. C) as compared against
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controls proved that the larvae were able to develop in media ranging between
10-80 to 2662 parts per mille. It may also be seen that the rate of mor-
tality in media of 19%, and above was practically nil. This together with
the results of the previous experiments go to prove that the larvae which
attained osmotic equilibrium within 4 hours, continued to develop normally.
Since 40% of the larvae survived in 10-8%, for 24 hours, in 15-427, for
48 hours and in 17-26%, for 72 hours, it helps to understand the endurance
of the larvae in dilute media as also the ability of the larvae to survive sudden
dilution in an estuarine environment if it lasts for brief periods.

35
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Fig. 3. Metatrochophores—Volume changes in two hypotonic media (A: 19%.:B: 21%,)
during varying intervals.

I11. (C) EXPERIMENTS ON LARVAE— Nectochaetae STAGE

9. Effect of different hypotonic media on volume.—The initial volumes
of six nectochaetae, chosen at random from a lot hatched in the laboratory,
were first determined. Six more were left in each of the six petri-dishes
containing different hypotonic concentrations of 25-17, 19-49, 16-42, 12-82,
7-60 parts per mille and distilled water. The volumes of these six were
determined at the end of 30 minutes. It may be seen (Fig. 4) that the increase
in volume was directly proportional to the dilution of the media.
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WG, 4. Nectochaetae—Increase in volume in. different hypotonic media.

10.  Effect of hypotonic media on volume during different intervals.—
About 400 larvae were exposed to hypotonic media of two ¢oncentrations
of 16-647%, and 20-64%,, after determining the initial volumes of six larvae
randomly selected out of the lot. The changes in volumes of six larvae
were followed during different intervals of 15 minutes, over a total period
of 3 hours. The larvae in both the dilutions increased in volume reaching
the maximum at the end of 30 minutes (Fig. 5) and then began to decrease
in volume until at the end of 105 minutes, they reached a volume a little
higher than the original volume. They continued to maintain this slightly
higher volume over a period of 3 hours, and even at the end of a 24-hour
period. The larvae were quite normal and healthy and continued their
development. The extra amount of water in the body appeared not to
impair their normal well-being or affect their development.

11.  Effect of different hypotonic media on larval mortality.—A number
of nectochaetae were exposed to each of the following media of concen-
trations: 25-17%,, 22-28%., 19:49%., 16-02%,, 10-54%,, 7-8%,and distilled
water, After every 24 hours the number of nectochaetae dead out of a
batch of 100 larvae randomly selected from each of the concentrations,
were determined for a period of 96 hours. Table I, Col. D, reveals the
results of such an experiment. It may be seen that the nectochaetae tolerate
a salinity upto 16-02%,, but if the osmotic gradient is higher than this, they
are affected adversely and die till at the end of 96 hours not one survived.
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Fio. 5. Nectochaetae—Volome changes in two hypotonic media (A ; IG-GJ%,; B:20-6£%)
daring different intervals.

III. (D) EXPERIMENTS ON ADULTS

12, Effect of hypotonic media on volume changes at different intervals.
—Out of a lot of worms collected from their natural habitat, six of them
whose initial volumes had already been determined, were left in hypotonic
media of the following concentrations: 8-62%,, 13-7%, and 20-72%,. They
were exposed over a period of 8 hours and their volumes measured at
intervals of | hour. It may be seen that the worms reached in all the media
the maximum volume at the end of the Ist hour and thereafter it declined.
This decrease continued for a period of 4 hours when the new volume
attained was higher than the initial volume of the worm. This volume
was kept constant for over 8 hours and continued steady even for a period
of 24 hours (Fig. 6). It may also be seen that both the maximum volume
reached at the end of the Ist hour and the final volume attained at the end

of 4 hours, were directly proportional to the dilution, i.e., the greater the
dilution the larger the volume.

13. Effect of hypotonic media on survival—Numerous worms were
exposed to each of the following six hypotonic media of concentrations:
25-17%,, 20-49%,, 17-36%,,  12-82%,, 7-6%, and distilled water. In order
to test their capacities for tolerance, the number of worms dead in a lot of
100 worms randomly selected from each concentration, was counted at the
end of every 24 hours. The experiment was continued over a period of
96 hours. It may be seen (Table I, Col. E) that D. variabilis is able to survive
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in dilutions down to 17-36%,, the percentage of mortality being only 20 at
the end of 96 hours. In dilutions less than 17-36%,, the percentage mor-
tality increased not only with increasing dilution but even with time, 677,
of them dying at the end of 96 hours in a dilution of 12-82%, and 52% in
17-6%, even at the end of 24 hours. They do not survive in distilled water.
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Frg. 6. Adults—Volume changes in three hypotonic media (A: 8:6I%: B: 13-7%.: C:
20-72%,) during different intervals,

IV. DiscussioNn

The experiments with the eggs, the larvae and the adults indicate that
they increase in volume when subjected to stresses of hypotonic media.
They reveal also that the higher the dilution the greater the increase in
volume. The eggs isolated from their cocoons increased in their volume,
the greater the dilution the greater the increase at the end of 30 minutes.
Further, observations on the prolonged effects of a single hypotonic medium
have also revealed that after a period of 30 minutes the volume decreased
till about 5 hours reaching 96-4%, of the original volume. In a hypertonic
medium the reverse was true. The eggs at first decreased in volume reach-
ing the maximum at the end of 30 minutes. But increased to 104-7% of
the original volume in 43 hours. The increase and the subsequent decrease
in hypotonic media and the reverse condition in hypertonic media, argue
that the eggs of D. variabilis are permeable both to salts and water as eggs
of Marphysa gravelyi Southern also an Eunicid (Krishnamoorthi, 1951);
and the eggs of Strongylocentrotus lividus (Needham, 1930; Euphrussi and
Rapkine, 1928). The initial increase in volume in a hypotonic medium is
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probably due to the fact that the rate of inflow of water is greater than the
rate of loss of salts, The opposite may perhaps be true in a hypertonic
medium. In other words, the eggs of D. variabilis isolated from the spawn
jelly behave like osmometers passively increasing in volume in a hypotonic
medium by absorption of water against an osmotic gradient or decreasing
in volume in a hypertonic medium by loss of water due to greater osmotic
pressure of the surrounding medium as reported in the eggs and larvae of
a number of invertebrates (Krogh, 1939; Nicol, 1960). This’ probably
accounts for their mortality which is directly proportional to the length of
exposure and the dilution of the experimental media. Eggs denuded of
jelly could not survive even in a medium of as high a salinity as 24-22 parts
per mille, the mortality rate being 96% at the end of 12 hours. In lower
dilutions the percentage rate of mortality was considerably high being 16%
in 16-83%,, 24% in 12-349%, and 35% in 8-229,, even at the end of 3 hours.
In distilled water all of them died at the end of 3 hours. With increasing
time, the percentage mortality increased. But the eggs with jelly behaved
differently when exposed to these salinities. Even in distilled water the
rate of mortality was only 7% and that at the end of 12 hours. In higher
concentrations the rates were much less, hardly 2% of them dying at the
end of 12 hours in a medium with a salinity of 24-22%,. In this respect the
eggs of D. variabilis resembled in their behaviour those of M. gravelyi
Southern (Krishnamoorthi, 1951) and it may perhaps be concluded that
the jelly affords protection against a fluctuating environment. Production
of impermeable membranes is probably a general mechanism for the pro-
tection of eggs in fresh and brackish-waters against osmotic swelling as
observed by Krogh and Ussing (1937). The jelly in D. variabilis perhaps
acts like one ensuring adequate protection and climate for the normal develop-
ment of the eggs in an environment of fluctuating salinities. The eggs of

Oryzias latipus, a fish living in fresh and brackish-waters of Japan, furnishes
another such example (Ikeda, 1937 a).

The behaviour of the larvae of both trochophore and the nectochaete
stages, in various hypotonic media, was similar to that of the eggs without
jelly. They increased in volume to begin with and subsequently decreased.
The initial increase in volume may have been due to absorption of water
against an osmotic gradient and the later decrease to subsequent loss of
salts. Tonic regulation in the developmental stages of marine animals is
not uncommon: (Needham, 1931; Krogh, 1939). But in the degree of tole-
rance of the hypotonic media and in the time taken to reach the final
volume the metatrochophores differed from the nectochaetae; and both
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from the eggs without jelly. The percentage increase in volume of metatro-
chophores was 33% even in a medium of as high a salinity as 199%,. For
the nectochaetae the corresponding salinity was 7%, While the metatro-
chophores disintegrated in media of lesser salinities the nectochaetae did
not, reaching only 549 increase in distilled water. Accordingly the per-
centage of mortality of metatrochophores was considerably higher in media
of lesser dilutions, 78% of them dying in a medium of salinity 177, at the
end of 96 hours. The nectochaetae on the other hand reached as high a
mortality as 989 at the end of 96 hours only in a dilution of 7%,.  Further,
the metatrochophores took 195 to 210 minutes to reach the original volume
while the nectochaetae hardly required 105 to 120 minutes to reach the final
volume. In both the stages there is already a larval Kidney of the proto-
nephridial type functioning. Perhaps the differences observed in the two
developmental stages may be attributed to the possession of the larval kidneys
which may be actively participating in keeping down the swelling of the
larvae and in the retention of salts needed for a healthy development.
Westblad (1922) (in Turbellaria) and Herfs (1922) (in Rotifers and Trematodes)
have shown experimentally how the protonephridial kidney help in the
osmoregulatory aspect of the work of the organs. This further argues that
but for the precocious development of nephridia in the metatrochophores
and the nectochaetae this brackish-water polychaete would not have survived
the conditions obtained in an estuarine environment such as the Adyar

estuary.

The behaviour of the adults under osmotic stresses of different hypotonic
media was generally similar to that of the larvae and the eggs. They
increased in volume due to inrush of water and later decreased in volume
probably due to subsequent loss of salts. However, unlike the larvae and
the eggs, they could survive dilute media of salinities ranging from 5 to 28%,
without loss of life. This may be due to the possession of a more efficient,
fully grown kidney as observed in a number of polychaetes of that region
(Krishnamoorthi, 1962, 1963). The excretory surface in D. variabilis is
comparatively larger (Krishnamoorthi, 1951). While the ratio between
the length of the excretory surface and the length of worm in D. variabilis
was 0-35: 1, similar ratios in L. medusa, O. erimita and C. insecta (Krishna-
moorthi, 1963) respectively were 0-225:1; 0-247: 1 and 0-31: 1, arguing
that a bigger kidney is advantageous in meeting the demands of baling out
water absorbed against an osmotic gradient. Further, the vascularisation of
the nephridia in D. variabilis was higher being 245 units (Krishnamoorthi,
1951), when compared to that in the other forms (Krishnamoorthi, 1963).
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Higher vascularisation and bigger kidneys have equipped the adults of
D. variabilis for better adjustments to hypotonic media than either the eggs
or the larvae. Pre-larval and larval stages of N. diversicolor cultured in
7% salinity were sensitive to dilutions than the young worms (Bogucki,
quoted by Beedle, 1957).

V. SUMMARY

1. Experiments to study the effect of hypotonic and hypertonic media
on eggs with and without jelly were performed as also on the development
of the eggs. The eggs (without jelly) passively increased or decreased in
volume respectively in hypo- or hypertonic media and behaved like osmo-
meters. The rate of mortality was considerable in different dilutions and
was a function of dilution and period of exposure to dilute media. But
the eggs with jelly did not suffer much, only 2% of them dying even in the
lowest dilution. It is presumed that the jelly may be providing the neces-
sary barrier against a fluctuating environment for the healthy development
of the eggs and loss of salts required for normal development and well-
being.

2. The behaviour of the larvae was also similar to that of the eggs
without jelly when subjected to the stresses of different hypotonic media.
Both the metatrochophores and the nectochaetae increased in volume. But
among themselves the rates of increase and mortality in various dilutions
were different. It is argued that these differences may be due to the posses-
sion of a larval kidney which is already present at this stage in the develop-
ment of D. variabilis.

3. The adults were similar in their behaviour, differing not only
in the degree of swelling but also in the time taken to swell and in the rates

of mortality. This is attributed to a more efficient kidney compared to
the larval kidney.
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CHLORIDE REGULATION IN MARPHYSA GRAVELYI SOUTHERN

Marphysa gravelyi Southern, an Eunicid poly-
cheete, essentially a burrower, enjoys a wide
distribution in the brackish-water regions cf
Madras, where the salinity of the medium
varies widely from almost fresh to sea-water.l
This worm tolerates sea-water dilutions to 20%
and regulates its body volume better (unpub-
lished data) than other polychztes found in
similar habitats.2 Further, isolated muscle pre-
parations are active in dilute media ranging bet-
ween 20% and 50% sea-water (34% ).3 A study
of the blood chloride level at 27-5 +£0-5°C,,
using the method of Sendroy* as modified by
Robertson and Webb,5 shows that the chloride
ions are actively regulated as the following
Table would show. The chloride levels are

TABLE I
Salinity of ~ Mean chloride values of blood after

Ex experi- 24 hrs. of exposure

N P mental

® medium gm/l. S.d. S.e.  No. of
estimations

1 568 9:64 0-011 £0-005 3

2 8-52 10-68 0-020 0-018 3

3 1060 12:76  0-011 £0-004 8

4 14-60  14-39 0:014  +0-005 8

5 15-30  11-87  0-014 +0-004 12

6 1660  13:-94  0-007 +t0-002 12

7 16-20 10-83 0-017 £0-003 8

8 18-40 14-09 Nil Nil 4

9 1950 14-84 0-035 £0-012 8
10 21-60 15-42 0:008 20-003 12
11 23-00 14-09 0-012 %0-003 8
12 25-92 16-04 0:021  £0-008 12

always higher in the hyposmotic media and
lower in hyperosmotic media and thus maintain-
ing a steady level (Fig. 1). Such a regulation
has not been reported in any polychete so far,

although similar work on Nereis diversicolor is
available (Smith®). The mechanism underlying
the regulation is being studied.
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ON THE DISTRIBUTION OF SIX SPECIES OF POLYCHAETES
IN THE ADYAR ESTUARY, MADRAS

By B. KRISHNAMOORTHI
Zoological Research Laboratory, University of Madras, Madras-5

INTRODUCTION

MosT marine animals are stenohaline with a low range of tolerance of the differ-
ences in the salinity of external medium. Yet some have become euryhaline ex-
hibiting a considerable range of tolerance, a few like Heteromastus sp., Clisto-
mastus sp., (most capitellids), living as well in fresh water as in salt. Recent work
has shown that the physiological independence and the emancipation from the
limitations imposed by the changing environment in such homoiosmotic animals
have been brought about by their ability to control the osmotic pressure of their
body fluids by raising or lowering their internal concentration to suit the exigencies
of the anisotonic media they inhabit. ~'When such an investigation was extended
to polychaetes, which are predominantly maripe, it became apparent that they
showed different types and grades of efficiency of the kidney (Krishnamoorthi,
1962) with regard to their osmoregulatory capacity and their tolerance to changes
in the environment (Krishnamoorthi and Krishnaswamy, 1962 ; Krishnamoorthi,
1963). The tolerance to the external medium is of special significance to animals
attempting to colonise and penetrate into brackish water habitats such as estuaries.
With this ohject in view the present investigation was undertaken.

MATERIAL AND METHODS

The following polychaetes Onuphis eremita, Glycera embranchiata, Loimia
medusa, Diopatra variabilis, Clymene insecta and Marphysa gravelyi were chosen
for the study.

A series of Stations were located, as shown in the Map of the River Adyar
(Fig. 1), along the banks of the River, coveringas far as possible the range of brackish
water conditions in the river. Weekly visits were paid to the Stations selected from
where the material was collected. Samples of mud from both the bottom and the
sides of the bank of the river where these polychaetes inhabit were collected. The
procedure was as follows :

Areas of 1 sq.ft. were marked at different places and mud to a depth of 1 foot
was dug out and brought to the laboratory where it was washed with fresh samples
of brackish water in order to collect the worms from the sample of mud. Care was
taken to see that the samples of mud were not mixed up with each other. From a
lot of worms collected from each sample, the percentage of occurrence of each group
of polychaetes was calculated and tabulated. The figures arrived at are the mean
percentage of six samples. The same method was followed while determining the
percentage of occurrence of polychaetes at all Stations,
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RESULTS

It is evident from the figures (Table 1) that at Station A the salinity of the
waters range between 30-349, and the predominating polychaetes in this region
are O. eremita and G. embranchiata, none of the other genera being represented.
They become scarce in other Stations, even at Station B, though the salinity range
is between 30-34%,. But at Station B, L. medusa alone is well represnted it being
absent at Station A. While M. gravelyi alone occurs at Station C, D. variabilis
and C. insecta again become scarce, M. gravelyi alone predominating once again.
From the above facts it was evident that while M. gravelyi had migrated to a
greater extent, even to regions where the salinities range between 5-10%,, D. varia-
bilis and C. insecta were restricted to regions of 20-26%, and O. eremita, G. embran-
chiata and L. medusa never left a region with a salinity range between 30-34%,. It
also argues that the salinity of the waters has been a barrier for these polychaetes
in their migrations to regions of lower osmotic pressures.

TaBLE 1

Distribution of various genera of polychaetes at d{f'erenl stations

| ]
|
|

| Percentagé of occurrence of
| Salinity L y 3|

Station | range. A e N [ w5
| Yao Onuphis | *5°°" | Loimia |i. Diopatra | Clymene | Marphysa
. eremita \ ehiata maﬁﬂtf « variabilis insectw | gravelyi
N ol |
] I S T By o |
A | 3034 | 52 48 nil | il IR | ‘ nil
B C30-34 0 il nil 94 | nil nil | 6
c | 229 \=mil | omil | onil | il nil | 100
D l20-26 < il nil nil 33 31 | 36
E 1520 | il il nil nil [l | 100
F 10-15 nil } nil . nil nil . nil I nil
G 5-10 nil ‘ nil nil ! nil f nil : nil
DiscussioN

The facts favourable for the penetration of marine fauna into the mouths of
rivers have been analysed by many workers. It has been maintained that tem-
perature is an important factor (Panikkar & Aiyar, 1937 ; Broekema, 1941 ;
Wickgren, 1953 ; Kinne, 1956b ; Verwey, 1957). This may probably explain the
abundance of marine fauna in the tropical brackish-waters (Panikkar, 1951). How-
ever, the importance of salinity as a factor in the distribution of animals cannot be
minimised. Recently Veerabhadra Rao (1951) has stressed the effect of salinity
on the spawning and development of a back-water Oyster. A similar observation
was made by Remane (1934), Redeke (1933) and Topping & Fuller (1942) empha-
sising that salinity was an equally important factor. Viewed against this knowledge,
in the distribution of M. gravelyi, D. variabilis, C. insecta, L. medusa, G. embran-
chiata and Q. eremita in the brackish-water zones of Adyar,it may be seen that, the
temperaturc remaining the same, the extent of penetration varies. The differ-
ences in the degree of migration of the polychaete genera studied appear to be
accounted for on the basis of the different capacities of their nephridia for osmo-
regulation (Krishnan, 1952 ; Krishnamoorthi, 1962).

/ . -
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Other ecological factors such as the availability of suitable food, the pre-
valence of optimum percentage of oxygen for respiration and the nature of back-
water flora and fauna congenial to the existence of these marine polychaetes also
have to be considered. The importance of conditions favourable for the normal
reproduction and safe development of these migrators cannot be minimised. In
this connection the present study of these brackish-water polychactes shows how
the eggs are protected (Krishnamoorthi, 1951) ; how the early development abbre-
viated (Aiyar, 1931 ; Krishnan, 1936) and how the precocious development of the
nephridium in the metatrochophore and nectochaetae is of a degree of osmo-
regulatory capacity sufficient to withstand sudden dilution of the medium (Krishna-

moorthi, 1951).

The significance of the greater adaptability exhibited by M. gravelyi and lesser
degrees of specialisation in the other forms is more pronounced when viewed in
relation to the habits and distribution of the group as a whole. M. gravelvi, D.
variabilis, and C. insecta are sharply contrasted from O.eremita, L. medusa and
G. embranchiata in that the last mentioned three are purely marine in habitat. Of
the cight species recorded so far in the genus Onuphis, Onuphis bisipicta from Indo-
Mualayan regions : O. dorsalis. O. verngreni, O. intermedia and O. fragalis all from
W. African and Angola coasts ; O. litoralis and O. gorgonensis from Panama and
0. investigators from Arabian sea clearly indicate their distribution to marine
habitats.  Similarly Leoimia variegata from  Indo-Malayan regions ; L. montagui
from the Pacific ; L. minuta off the coast of Florida ; L. annulifilis and L. turgida
from East Indies show that they are confined to the sea. Glycera ressellata and
G. capitata var. benguellana from the coast of S.W. Africa ; G. rouxii from China ;
G. unicornis from Sweden ; G. cosvoluta var. capensis from S. Africa and G. spadix
from Gulf of Davao are confined to the sea. Of the Genus Diopatra, Diopatra
neapolitana alone has been recorded off the coast of France, while D. cuprea, D.
orientalis and D. swriata have been recorded from brackish-water. Asychis plim-
mertonensis, Macroclymenella stewartensis and Nichomache from Schmarda ; Cly-
mene tropica from Panama ; C. annandalei from Amoy, China and C. groessa var,
newporti from S. California show a similar distribution as the worms belonging to
the genus Diopatra. The genus Marphysa, however shows a much varied and cos-
mopolitan distribution. Of the six species known in this genus, only Marphysa
mortenseni and M. sanguinea from the Pacific have been recorded from sea, whereas
M. hentschei trom the brackish-waters of Brazil ; M. sanguinea var. americana from
the Canal Zone of S. America where waters are less saline (Monro, 1933) ; M. sinen-
sis and M. orientalis from brackish-waters of Amoy, China all go to prove their
wide distribution, even to regions of less saline media. The second mentioned
form, M. sanguinea has also been recorded from Wailupe Pond (Abbot, 1946) and
its occurrence in an almost fresh water pond is significant because the same species
has been recorded from the sea.  Thus the wide distribution of Marphysa indicate
a tendency towards an assumption of freshwater life. Although factors like tempe-
rature. especially in the tropics (Panikkar, 1951), availability of minerals of biological
importance etc.. have plaved a part in the migration of animals from a marine habitat
to less dilute media. the importance of nephrida and their role in osmoregulation
are too arresting to be neglected. The modifications undergone by the nephrida
as a result of environmental factors they had to face during their migrations, are too
true to be doubted. Tn this connection the observation of Pearse (1939) that
* Heredity gave the ability and environment provided the opportunity * seems to be
quite apt.
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SUMMARY

The distribution of six species of polychaetes viz., M. gravelyi, D. variabilis,
G. embranchiata, O. eremita, C.insecta and L. medusa has been studied on the basis of
percentage of occurrence at various stations in the Adyar estuary, Madras. Among
the polychaetes studied M. gravelyi was found to exhibit the greatest penetration
occurring in regions where salinities were as low as even 5-10 parts per mille. It is
argued that besides factors like salinity, temperature, availability of food, protection
to eggs, abbreviations of stages in the life history and precocious development of
nephridia in the larvae, factors like capacities for tolerance of salinity and abilities
for osmotic regulation as reflected in the grades of structural modifications of
nephridia, may have played an equally important role in the successful establishment
and distribution of these polychaetes in the estuary.
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