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KUKZFASSUNG: Einflufl verschiedener Temperatur-Salzgehaltskombinationen auf den 
Sauerstoffverbrauch des Siiigwasserfisches Etroplus maculatus (Teleostei). Der EinfluB verschie- 
dener Temperatur-Satzgehaltskombinationen (25 °, 300 und 35°C; Sti8wasser, 9,70/00, 19,4°/oo 
und 32,4%0 S) auf die Quantit~it des verbrauchten Sauerstoffs wurde ftir verschieden groi~e 
Fische ermittett, und zwar unmittelbar nach deren lFberftihrung in das Versuchsmedium (EinzeI- 
heiten slehe unter ,,Material and Methods"). Temperaturerh6hung flihrt zu erh6htern Sauerstoff- 
verbrauch; das Ausmat~ dieser Erh/Shung ist eine Funktion des Salzgehaltes und augerdem der 
KSrpergr/Sge. In den h/Sheren Salinit~iten fiihrte Temperaturerh/Shung zu einer Depression des 
Sauerstoffverbrauchs bei den kieineren tndividuen, abet zu einer verst~irkten Erh6hung bei den 
gr6geren. In ~.hnlicher Weise wurden auch die Wirkungen des Salzgehattsfaktors dutch die 
Temperatur modifiziert. Die kleineren Individuen (3 rag) zeigten den hiSchsten Sauerstoffver- 
brauch in den Kombinationen hohe Temperaturen/niedrige Salzgehalte; bei den gr~Sfleren In- 
dividuen (8 rag) dagegen errei&te der Sauerstoffverbrauch Maximalwerte in den Kombinatio- 
hen hohe Temperaturen/hohe Salzgehalte. M/Sgli&erweise besitzen kleine und groi~e Indivi- 
duen yon E. maculatus unterschiedliche osmoregulatorische F~ihigkeiten. 

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

It  is now well established that the combined effects of temperature and salinity 
on metabolism and activity of animals may be altogether different from those of any 
one of these factors studied separately and, furthermore; that the effects of tempera- 
ture and salinity on the metabolism and activity of animals are interdependent (KINNE 
1956, 1963, 1964, PROSS~R & BROWN 1961). Similar relationships have been shown to 
exist between other environmental factors as well. Hence, a hi-, tri- or polyfactorial 
analysis of physiological processes of poikilotherms is becoming increasingly preferred 
over the monofactorial approach. This development will lead to the production of 
data which are more suitable to be used for ecological considerations. 

However,  the number of bi-, tri- or polyfactorial analyses is still very limited. 
Most of the pertinent contributions have been written by KINNr and his associates 
(KINNE 1956, 1958, 1963, 1964, KINNE & KINNE 1962a, b, SWEET & KINNE 1964); 
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others have been published by DEI4IVEL (t960), DZHNEL & McCAucrtRAN (1964) and 
ToDD & Dzu~EL (1960). These studies especially demonstrated the combined effects 
of temperature and salinity on a variety of biological phenomena, such as thermal resis- 
tance, survival limits, ionic and osmotic regulation, reproduction and developmentai 
rates, metabolism and activity, feeding and growth, and even distribution and mor- 
phology of a number of poikilotherms - invertebrates as welt as vertebrates. The opti- 
mal temperature-salinity combinations were shown to differ from species to species, 
and in the same species from one season to the other (DEHNEL 1960). 

In all these studies the test animals were acclimated to different temperature- 
salinity combinations. Salinity tolerance is known to be usually greater aRer prolonged 
gradual transfer into a new concentration than a~er a sudden transfer (Ge, ESENS 1928, 
KINNe 1960, AHtrJA 1964). Hence it was considered worthwhile to study the influence 
of abrupt changes of temperature-salinity combinations on the rates of metabolism. 
Practically no work of this nature has been done except that by RAMAMURT~t¥ (1962) 
on a few invertebrates, such as the cattle leech Hirudinaria granulosa, the fresh water 
mussel LarnelIidens marginal#, the apple snail Pila globosa and the crab Paratelphusa 
hydrodrornus. No such studies have been conducted on fishes. The present study was 
carried out therefore on a locally available fresh water fish Etroplus maculatus. 

MATERIAL AND METHODS 

Etroplus maculatus BL~XER of the family Chromides is a eurythermal and eury- 
saline fresh water teleost. All individuals tested in this study were collected from 
local fresh water ponds and stocked in laboratory aquaria for at least a week before 
being used for experimentation. Oxygen consumption was measured in individual 
fish, using the WtN~LER iodometric method (WELsFI & SMITH 1960). Combinations of 
four salinities, namely, fresh water (normal medium), 9.7 °/00 S (300/o sea water), 
19.4 °/o0 S (60 °/o sea water) and 32.4 °/00 S (1000/o sea water), and three temperatures, 
namely, 250 C, 300 C and 35 ° C, were used. In each set of experiments measurements 
were made in one medium but at different temperatures, the transfer from one temper- 
ature level to the other being abrupt and in ascending order starting from 250 C. In 
each test temperature the fish stayed for about one hour. 

Oxygen consumption was measured in individual fish at different temperatures 
in fresh water on the first day, in 30 % sea water on the second day, in 60 % sea water 
on the third day and in 100°/0 sea water on the fourth day. Between the successive 
days of measurements the fish were kept in fresh water, their normal medium. At the 
end of the series of measurments, the wet weight of individual fish was recorded. Since 
measurements for each fish extended over a period of four days, the fish were allowed 
to feed in the normal way. 

The blood chloride content of the fish, acclimated to different salinities, was 
determined by the GALLENKAMV electrometric microtitration apparatus. The sea water 
used had a chtorinity of 18.26 %0 and salinity of 32.37 0/o0. During the period of these 
studies the water temperature in the maintenance aquaria varied between 230 C and 
270 C, and hence 250 C may be taken as the mean adaption temperature. 
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RESULTS 

E f f e c t s  o f  t e m p e r a t u r e  in  v a r i o u s  m e d i a  

The amount of the oxygen consumption increased with temperature but along 
different patterns in the different test media; furthermore, the temperature effect was 
size dependent (Figs. 1 to 4; Table 3). 

In fresh water (Fig. 1), increase in oxygen consumption upon transfer from 25 ° C 
(adaptation temperature) to 30 ° C was negligibly slight in the smaller fish, but quite 
marked in the larger ones (4 grams body weight and more). Upon subsequent transfer 
from 30 o to 350 C the increase, however, was greater in the smaller individuals than in 
the larger ones, which, perhaps, were metabolically heat depressed as reflected in their 
depressed oxygen consumption at this temperature. 

Increase in oxygen consumption upon sudden transfer from 25 ° to 300 C was 
much greater in smaller fish in 30 % sea water (Fig. 2) than in fresh water at the same 
temperature. There were no indications of metabolic heat depression in the larger fish 
subsequent to transfer to 35 o C. 

In 60 % sea water (Fig. 3) oxygen consumption increased over the entire size 
range of the fish tested when the temperature was raised suddenly from 25 ° to 30°C. 
At 35 ° C, however, there was considerable depression in the oxygen consumption of 
smaller fish. 

In 100 % sea water (Fig. 4) this metabolic depression commences already at 30 o C 
and persists on to 350C (Figs. 8, 9). Consequently, smaller fish (3 gin) have negative 
Ql0 values in the 300 to 35°C range in 600/0 sea water and in the 250 to 30°C range in 
100 °/0 sea water (Table 1). The increased weight specific oxygen consumption at 35 ° C 

Table 1 

Q10 vaIues of oxygen consumption in the fish Etroplus rnacufatus as a function of body size 
(weight), temperature and salinity. S.W.: sea water 

Wt. of Q10 
fish 
(gin) Fresh water 30 % S.W. 60 % S.W. 100 % S.W. 

25o--~-30oc 30o-~-35oC 25o--)'30oC 30o--+35oc 25o-+30oC 30o--~-35oc 25o~q-30oc 30o-+35oc 

3 1.15 2.72 1,70 1.86 t.52 0.76 0.43 2.24 
8 1.90 1.47 1,76 1.84 1.97 2.37 1,83 2.15 

in 1000/0 sea water may be due to the predominance of the stimulatory effect of in- 
creased temperature over the depressive effect of the increased salinity. This perhaps 
explains the high Q10 value for the 3 gm fish in the 300 to 35°C range. Except for these 
instances of metabolic depression at high temperature and high salinity, the weight 
specific oxygen consumption increased with increased temperature (Fig. 8). Larger fish 
(8 gm) did not suffer any metabolic depression in any medium except for slight indica- 
tions of it in fresh water and 30 % sea water at 350 C (Fig. 9). 



F!ga~ 

1.0 

0.7 

0.5 

0.3 
i i ,  i i 

¢- 

E 
i -  

, m  

1= 
0 

E 
Ill 
C 
0 
0 

i 

c7 
F_,g2 

1,0 

0.7 

0.5 

0.3 

Fresh water  

I I . . . . .  I"  

. /  
/ / 

/ / 

i . I  i i  25oc-J 

J 
I 

3 0  ° C • 

I I I 
2 4 8 

O x y g e n  c o n s u m p t i o n  in a fish 

~g.2 

2 .0 -  

1.0- 

0.7 

0.5 

0.3 
1 

305 
30g  Sea water 

, , ,  , ,  , , ,  ,,,, 

I ! ! .J 
/ 

/ 3ooc 
/ / 

/ 

/SV 
/ / 

./" / / V  / / 
3 , o o / ' ; / y  

I ~oc 
I I I 
2 4 g 

2.0 

1.0 

60% Sea water  

I ! ! 

35 ° C / / 
/ /  

d& 
,/.k 

l i . i  

soo c /  I/" 
I I I 
2 4 8 

0Y 

0.5 

0,3 

0.; 

~iq.__4 100% Sea water  

I I I 

35 ° C/  

/ 
/ / 

/ / 

1.1"/ /1 i  - ~/ill . 

2s° ei~/Y/ / I 

/ 
/ 

30°C/ 

0.1 I I I 
2 4 8 

weight in gm 

Figures 1, 2, 3 and 4: Influence of salinity on the temperature dependence of the size metab- 
olism relation in the fish EtropIus macuIatus. Oxygen consumption (ml/hr) was measured in 
individual fish immediately upon abrupt transfer from one constant temperature level to the 
next higher one in each test medium. The curves are statistically fitted by the method of least 
squares and plotted on a comparative basis on a double logarithmic grid. Individual points 

are omitted for clarity. 
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E f f e c t s  o f  s a l i n i t y  a t  v a r i o u s  t e m p e r a t u r e s  

Changes in the salinity of the medium affected the oxygen consumption of the 
fish in various ways (Figs. 5 to 7 and 10 to 12). At  the adaptat ion temperature (25 o C) 
oxygen consumption was minimal in 60°/0 sea water;  it was maximal in 100°/0 sea 
water  and quite high in fresh water,  par t icular ly  in the 3 gm fish. These results are in 
accord with the blood-medium chloride gradient, which is maximal in fresh water and 
100°/o sea water, though in opposite directions, and minimal in 600/0 sea water  
(Table 2). I t  can be seen that at the adaptat ion temperature (25 ° C), irrespective of the 

Table 2 

Blood-medium chloride gradient in Etroplus maculatus in heterosmotic media. All fish were 
kept in each test medium for seven days. Blood from several fish (small and large) was pooled 

up for the estimations. S.W.: sea water 

Medium: Fresh water 30 °/o S.W. 60 °/0 S.W. 100 °/o S.W. 

Chloride: 
gradient: + 280 + 130 - -  20 - -  220 
raM/1 

salinity, the 3 gm fish had higher rates of oxygen consumption than the 8 gm ones. 
This was not so at the higher temperatures (30 °, 35 ° C), where increased salinity of the 
medium appears to have depressed the oxygen consumption of the smaller fish and 
enhanced that  of the larger ones (Figs. 7, 10 to 12). High temperature/high salinity 
combinations tend to. reduce the oxygen consumption in the 3 gm fish and increase it in 
the 8 gm ones. The more concentrated the medium, the greater was the influence of 

Table 3 

Regression coefficient (b) of the size metabolism relation in Etroplus rnaculatus as a function 
of salinity of the medium at different temperatures. F.W.: fresh water; S.W.: sea water; 

S.E. est.: Standard error of estimate 

F.W. 30 °/o S.W. 60 °/0 S.W. 100 °/0 S.W. 

25 ° C: 
b 0.750 0.978 0.773 0.811 

S.E. est. 0.1122 0.3431 0.2623 0.2560 
"t" 3.7870 2.1283 1.6721 1.7947 

Significance 1 °/o 5 °/o nil nil 

30 ° C:  
b 1.019 1.014 0.895 1.519 

S.E. est. 0.1672 0.1872 0.1441 0.1948 
"t" 4.4370 4.0435 4.5193 5.6632 

Significance 1 °/o 1 °/o 1 °/o 1 °/o 

35 ° C:  
b 0.722 1.009 1.405 1.543 

S.E. est. 0.1454 0.1586 0.i328 0.2287 
"t" 3.5118 4.4971 5.2153 4.5976 

Significance 1 °/o 1 °/o 1 °/o 1 °/o 
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increased temperature on the oxygen consumption, though the effects are in opposite 
directions in the smaller versus larger fish. Accordingly, in the 8 gm fish the Q~0 in- 
creased in the 300 to 35oC range with increasing salinity of the medium, while the 
opposite was true for the 3 gm fish (Table 1). The high Q10 value in the 3 gm fish in 
the 300 to 35 ° C range in 100 % sea water was apparently an exaggerated effect of the 
acute metabolic depression, suffered by the fish in this medium at 30 ° C. 
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Figures 8 and 9: Weight specific oxygen consumption in Etroplus rnaculatus of 3 gm (Fig. 8) 
and 8 gm (Fig. 9) weights as a function of temperature in different media plotted on a semilog 
scale. The points are calculated from the corresponding size-metabolism curves of Figures 1 

to 4. S.W.: sea water; F.W.: fresh water. 

Qt0 i n  r e l a t i o n  t o  t e m p e r a t u r e  a n d  s a l i n i t y  

The Qi0 values increased with increasing temperature in all salinities except in 
60 °/o sea water, where it decreased (Table 1). This increase or decrease was size de- 
pendent, being more marked in the 3 gm fish than in the 8 gm ones. This is apparently 
due to the acute metabolic depression suffered by the 3 gm fish at 350C in 60 0/o sea 
water and at 30 ° C in 100 °/o sea water. 

The Qt0 values did not show any definite trend with the salinity of the medium. 
In the smaller fish, as in the 3 gm ones, Qt0 values initially increased in the 25 ° to 
30 °C range on transfer to 30 °/0 sea water and thereaffer decreased with the further 
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increase in the salinity of the medium. This suggests that in the smaller fish metabolic 
depression commences with increased salinity and temperature of the medium. On the 
other hand, in the 8 gm fish at the lower temperature range (250 to 300 C), there was 
no systematic trend in the Q10 values with increased salinity of the medium. Q10 values 
in the 300 to 350 C range have already been discussed. In general, Q10 values are higher 
at the higher temperature and in more saline media in all fish tested, small as well as 
large ones. 

0.2 

o.1 

E 

c 0.2 
o 

K 
E 

Co 
u 0.1 
i 

c 

0.2 

~'g, I0 
25°C 

I . . . . .  l , , , I I 

30 ° C 

I I I 

. . . - , , . , . .~ 8 g m  

",9 3 gp 

Ug,d~; 35 ~ C 

--'~'0~ --" ~ ~0 3 gm 

0.1 I I I I Fr I~,h ~. t ,~  30"1. 60% t00% s , .  wat*r 
S a l i n i t y  o f  t he  m e d i u m  

Figures 10, 11 and  12: Weight specific oxygen  consumpt ion  in Etroplus rnaculatus of  3 gm and  
0 0 8 gm weights respectively as a function of salinity at 25 C (Fig. 10), 30 C (Fig. 11) and 

35 ° C (Fig. 12) plotted on a semilog scale. The points used in Figures 8 and 9 have been re- 
plotted. S.W.: sea water; F.W.: fresh water. 

DISCUSSION 

In any type of ecosystem organisms respond physiologically to the interplay of 
the environmental factors, such as temperature and salinity, rather than to any one 
factor individually. In several marine organisms lowering of salinity resulted in 
increased oxygen consumption (ScHLIEP~R 1929, FLEMISTER & FLEMISTER 1951, 
KINNE 1952, 1964, LOFTS 1956, GROSS 1957, PAMPAPATHI RAO 1958b, MADAN- 
MOHANRAO & PAMPAPATHI RAO 1962). This was ascribed (1) to greater osmotic work 
required consequent to the greater osmotic gradient between the body fluids and the 
external medium and (2) to increased hydration of tissues. But what happens metabol- 
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ically in marine animals exposed to lowered salinities need not necessarily be repeated- 
though in the opposite direction - in flesh water forms exposed to media of increased 
salinity, since these two groups are quite different from each other physiologically. 
This was clearly demonstrated in fresh water and marine populations of the prawn 
Palaemonetes varians (LOFTS 1956), in the marine and brackish water populations of 
the prawn Metapenaeus monoceros (PAMPAI'ATHI RAO 1958b) and also in the brackish 
water and marine crustaceans Sesarma plicatum and Lepas anserifera (MADANMOHAN- 
RAO &Pm, fl'Al'Arm RAO 1962). 

Generally the responses of organisms to sudden transfer into new media are 
characterised by a considerable degree of variation. Nevertheless a few trends are 
obvious. Oxygen consumption of the fish Etroplus maculatus was influenced by changes 
in salinity; the degree of this influence was found to be size dependent as can be seen 
from the regression coefficients (b) of the size-metabolism curves, particularly at the 
higher temperatures (Figs. 5 to 7; Table 3). Except at the higher temperatures, the b 
values did not show a definite trend relative to the salinity levels employed. The same 
situation was also reported for the prawn, Metapenaeus m o n o c e r o s  (PAMPAPATHI RAO 
1958b) and for Etroplus maculatus by SAROJINID~VI (1960). In the present study, the 
level of oxygen consumption in the different test salinities at the adaptation temper- 
ature of 250 C appears to be correlated to the chloride gradient between blood and 
external medium. In fresh water and 100 % sea water, where the blood-medium chlo- 
ride gradient was maximal, Oxygen consumption too was maximal, and in 60 % sea 
water, where the blood-medium chloride gradient was minimal, oxygen consumption 
was minimal. Minimal oxygen consumption in media with minimal osmotic gradient 
was reported for a number of crustaceans, such as Ocypode albicans (FLEMISTE~ & 
FLEMISTER 1951), Metapenaeus monoceros (PAIviVAVATm RAO 1958b), Paratelphusa 
hydrodrornus (RAMA~URTH'C 1962), Sesarma plicatum (PAMvm'ATm RAO & MADAN- 
MOHANRAO 1963) and for the fish, Etroplus maculatus (SARojImDEVI 1960). 

All higher fishes are more or less homoeosmotic (BLACK 1957). Probably E. macu- 
Iatus too is an active and efficient osmotic regulator. This assumption appears justified 
in view of the facts that (1) this fish could tolerate transfer into undiluted and even 
hyperconcentrated sea water without any apparent deleterious effects (PAMvAVATm 
RAO 1958a) and, as indicated in the present experiments, (2) the differences in the 
levels of oxygen consumption in the different test media were but slight (Fig. 5). This 
eurysalinity may perhaps be due to the high blood chloride content and the high 
blood-tissue chloride gradient. It was shown in a few crustaceans that a correlation 
existed between the blood chloride content and the salinity tolerance of the animal 
(BEAD~ & CRAOG 1940, DUVAL 1925, RAMAMURTHY 1962). It was also shown that 
a fresh water fish Cirrhina reba with a relatively low chloride content was incapable 
of surviving highly saline media (S~Lwr, A3AN 1962). But then, in the present case, 
despite active osmoregulation, there was no significant increase in oxygen consump- 
tion to meet the extra energy demands for doing the osmotic worrk against the in- 
creased osmotic gradient. Three possibilities might explain these results: (1) the mass of 
tissue doing osmotic work is so small compared to the total mass of body tissues that 
changes in their metabolic rate may be masked; (2) the energy required for the 
maintenance of the osmotic gradient is so small that there may not be much increase 
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in oxygen consumption with increased osmotic stress (see also P~T~RS 1935, PoTTs 
1954, DEHNEL 1962, HIclIMAN 1962); (3) sudden transfer into new media introduces 
greater variability in activity and response pattern, which may overshadow smaller 
differences in energy balance. 

It  is obvious that the temperature response of the fish was modified by changes in 
the salinity of the medium and that this effect is size dependent (Figs. 1 to 4). Increased 
salinity, especially at the higher temperatures, appears to have had a marked effect on 
the smaller fish, which therefore suffered acute metabolic depression at 35 ° C in 60°/o 
sea water and at a lower temperature (30 ° C) in 100 0/0 sea water. With increasing salt 
concentration of the medium, the metabolic depression became progressively more 
acute and set in at a relatively lower temperature. But a further raise in temperature 
to 350C obliterated the metabolic depression suffered by the 3 gm fish at 30°C in 
100°/0 sea water. Perhaps an increased thermal stress masks the effects of increased 
osmotic stress. On the whole, the high temperature/high salinity combination does 
not appear to suit the smaller fish. This is in agreement with earlier reports on several 
shrimps, such as Crangon crangon (BROEKEMA 1941), Palaemonetes varians and Lean- 
der serratus (PANItllIAR •940), Penaeus duorarum and Peaztecus (WILLIAMS 1960) and 
the fish, Salrno trutta (GORDON 1959), whose survival rates were highest at the low 
temperature/high salinity combination or vice versa (see also KINNE & KINNE 1962, 
SWEET & KINNE 1964, KINNE 1964). 

Unlike in the smaller fish, no depressive effects of increased salinity were noti- 
ceable in the larger ones, where high salinity/high temperature combinations appear to 
be best suited, somewhat similar to the results obtained on the fish, Cyprinodon rnacu- 
larius, where optimum temperature for growth was found to decrease with age and 
increase with salinity (KINNE 1960). Actually the indications of metabolic depression, 
noticed in larger fish at 35 ° C in the fresh water medium, disappeared when the sali- 
nity of the medium was increased. This is clearly reflected in the Q10 values of the 
8 gm fish which increased with salinity in the 300 to 350 C range. Perhaps, this is an 
instance of increased salinity increasing the heat resistance as suggested by KINNE 
(1956) and as reported by RANAD~ (1957) in Tigriopus fulvus and by MAT~TAN~ 
(1962) in Tigriopus ~aponicus. 

LO~B & WASTENEYS (1912) showed that the fish, Fundulus heteroclitus, withstood 
osmotic stress better at a high temperature, provided it was acclimated to that temper- 
ature. Similar abilities of withstanding osmotic stress better at a high temperature are 
indicated in the present case as well but only in the larger fish. Possibly, as far as the 
larger fish are concerned, high salinity might have acted as a complimentary factor to 
high temperature, a fact reflected in the trend of the regression coefficients of the size- 
metabolism curves in the different test media at 350 C (Fig. 7; Table 3). It  appears thus 
that in Etroplus maculatus, increased salinity influences the temperature effect on 
metabolism; such an influence was, however, strictly size controlled. Though no con- 
clusive evidence is available at present, it seems likely that osmoregulatory abilities 
are different in the smaller versus the larger individuals of Etroplus macuIatus (PAR- 
WTHESWARARAO 1962). The reported size differences in the rise of metabolic rate in 
the starry flounder Platichthys stellatus upon transfer to fresh water from more con- 
centrated media (HIcKMAN 1962) are in support of this hypothesis. 
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SUMMARY 

1. Oxygen consumption of Etroplus maculatus was measured immediately upon 
transfer into different temperature-salinity combinations. Four salinities (fresh wa- 
ter, 9.7 %o, 19.4 %o and 32.4 %o) and three temperatures (25 °, 30 ° and 35°C) have 
been used in the combinations indicated. 

2. The effects of temperature-salinity combinations on oxygen consumption were ana- 
lysed on a size basis. In larger fish, temperature increase augments oxygen con- 
sumption in all test salinities. These changes are a function of the salinity, and, in 
addition, are size dependent. In the higher salinity levels, sudden temperature in- 
crease tends to result in relatively lower rates of oxygen consumption (compared 
to the rates obtained at 25 ° C) in the smaller fish (depression), but in relatively 
higher rates in the larger ones (elevation). 

3. Similarly, the effects of salinity on the oxygen consumption were modified by tem- 
perature. At higher temperatures, increased salinity depressed the oxygen consump- 
tion of the smaller fish and elevated that  of the larger ones. 

4. Smaller individuals exhibited the highest O2-consumption in combinations of high 
temperatures and low salinities, while the larger ones exhibited maximum O2-con- 
sumption in combinations of high temperatures and high salinities. 

5. The possibility of the existence of differences in the osmoregulatory abilities be- 
tween the smaller and larger individuals o.f Etroptus macutatus is suggested. But no 
conclusive evidence is available at present either in support of or against this hy- 
pothesis. 
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