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Abstract
Oxygen uptake (V@ through the gills of a hill-stream fish
Glyptothorax telchittafrom the Saptakoshi river (Nepal) has been
studied in relation to different body weights. Tdwygen uptake was
determined at 24.0+£1°C using a cylindrical glasspiremeter with
continuous water flow system. The aguatic oxy gaiakgthrough the
gills increased from 1.048 to 8.115 mi®gL.h? within the body
weight range of 3.215 to 31.355 g. A fish of 17.@pa@verage body
weight consumes 4.461 mi@vhile the weight specific oxygen uptake
was found to be 267.915 mi®g*.h?. The relation between oxygen
uptake (VQ) and body weight was determined by performing
regression analysis using logarithmic transformatibhas been found
that with a unit increase in body weight, the oxygptake per unit
time (mIOh™) increases by a power of 0.930 showing significant
positive correlation whereas, the weight specifizxygen uptake
decreases by a power of 0.070 showing significautt regative
correlation.

Key words Hill-stream,Glyptothorax telchitt, body weight, oxygen
uptake.

| ntroduction

Oxygen uptake is considered as a measure of emeggirements for metabolism.
Generally, with an increase in metabolic activithe rate of oxygen uptake also
increases. Oxygen uptake in a fish depends onusrxtrinsic and intrinsic factors
viz. temperature, level of dissolved oxygen andoardioxide in ambient water, pH,
salinity, season, nutrition, sex of fish, level lidrmones, body weight (Fry, 1947;
Dejours, 1975). Several workers have studied tlatioaship between oxygen uptake
and body weight in fishes (Pravateshwararao, 186@okerji, 1964; Kamler, 1972;
Munshi, 1984; Rooj, 1984; Singkt al, 1991; Farrelet al, 2001; 2003; Bhattacharya
& Subba, 2006).

In the present study an attempt has been madeidy ghe routine oxygen uptake in a
hill-stream fish, Glyptothorax telchitta of different body weight to establish the
relationship between the weight and oxygen uptake.

M aterials and M ethods

Live specimens ofs. telchittaof different weight groups were collected from the
Saptakoshi river (at Tribeni of Dhankuta distriat)d Barahkshetra and maintained in
a plastic drum of 250 liter capacity. The plastiard was connected with a pipe for
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continuous supply of cold water supplied from ttream. At the bottom of the drum,
pebbles collected from the river bed were kept tavjgle a natural condition to the
fish. Just above two inches from the bottom ofdhen, an outlet with a tap to control
the water level was fitted with. The fishes werd feith earthworm and pupae of
white ant twice a day. Water of the drum was chdngempletely once in every 24
hrs. Feeding was stopped at least 24 hrs befoeriedgntation.

The oxygen uptake rate from water was measured dloseed glass respirometer as
designed by Munshi and Dube (1973). The flow ofev&tom the reservoir (a plastic
drum of 30 | capacity) to the respirometer was teéied accordingto the size of the
fish to avoid suffocation and stress. The respitemeas covered with a piece of
black cloth leaving a small space with a view tegkéhe fish stress free and count the
opercular frequency. Two sets of water samples waken i.e., inspired (collected
before the respirometer) and the expired i.e.,wthger coming out of the respiometer
(Fig. 1). Oxygen concentration of inspired and eegbiwater was measured by means
of Winkler's volumetric method (Welch, 1948). Théference between the oxygen
contents of the inspired and expired water togethithr the rate of water flow (ml/h)
through the respirometer, were used to calcula®iygen uptake rate.

THERMOMETER

telchitta.

Three to four readings were taken at every halhanr interval for each fish. The
experiments were performed at 2410C. Regression analysis using logarithmic
transformation was done to show the relation betwerygen uptake and body
weight.

Observation and Results

Glytothorax telchittaa benthic hill-stream fish is a purely water breaglSisorid. Its
gills are respiratory organs for the extractiorogygen from water. Measurements of
the rate of routine oxygen uptake from the flowethlgh water in eight (8) weight
groups ofGlyptothorax telchittawere made and the data is summarized in Table 1.
The data were analyzed using logarithmic transfoona for the allometric
relationship which are in the (Table 2). Compueatigata on oxygen uptake for 1, 10,
50 and 100 g fish are presented in the Table 3.
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Table 1. Means value of the rate of oxygen uptake {M/@er unit time (mI@h™) in relation to
body weight (W) inGlyptothorax telchittat 24.0+1.0°C temperature.

Body weight O peraular Oxygen uptake VO, (mlO,.h?)
(9) frequency Observed value Estimated value 95% Confidence limit
3.21540.72 98+1 1.048+40.35 0.95( 1.16(
0.78(
5.650+40.00 88+( 1.48+0.00 1.60( 1.92(
1.34(
10.093+3.19 9041 2.60810.11 2.75( 3.26(
2.32(
15.190+1.44 89+( 3.838+2.33 4.02( 4.77(
3.40(
19.405+1.18 87+ 4.948+0.18 5.05( 6.00(
4.26(
24.310+0.00 87+ 6.51740.00 6.23( 7.42(
5.23(
27.200+1.62 8742 7.136+1.11 6.92( 8.26(
5.80(
31.355+0.00 85( 8.11+0.00 7.90( 9.4€0
6.59(

Intercept ‘a’ =0.3202, Regression coefficient 8303, Correlation coefficient ‘'r =0.9968

Table 2. intercept ‘a’ regression coefficient ‘b’ and cdatéon coefficient ‘r’ to show the
relationship between oxygen uptake M@nlO,.h?) and body weight.

Fish Oxygen uptake Intercept (@) Slope(b) Correlation coeffident (r)
G. telchits  VO,(mlO,.h™) 0.32( 0.06¢ 0.997
VO,(mlO,.g*.h™) 0.32( -0.06¢ 0.68:

Table 3. Summary of equations showing the relationship betwbody weight and oxygen
uptake at 24.0+1.0°C temperature.

Par ameter VO,per unittimemlO,h™  VO.,/gram body weight mlO,g~>h*
Body weight vs  Log V0O,=0.320:+0.9303logW Log V0,=0.3202-0.0697 logW g,
oxygen uptake. or, VO,=0.3202W*%® VO,= 0.3202 WP°%7

VO,= Oxygen uptake, W=Weight of the fish (g)

As soon as the fish was introduced into the cyigadirglass respirometer containing
little water, the fish showed erratic movementsdavhile. When the respirometer was
completely filled up with the reservoir water, theh moved to and fro in search of
hiding place. The fish seemed to be under strdss.op ercular movement was so high
that it could not be counted accurately throughseyrewever, the fish gradually
became quiet after about 30 to 40 minutes. Theffidiverate of inspired water was so
adjusted that the fish did not feel any stress emdld move freely within the
cylindrical chamber.

The atmospheric temperature recorded during therempntal time ranged from 25°C
to 26°C whereas, the temperature of water rangad #3°C to 25°C, the pH of water
ranged from 6.8 to 7, similarly the oxygen contehambient water ranged from 14.18
to 15.62 mg.
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Relationship between body weight and oxygen ugptakanit ime (m1oh?)
at 24.0x1°C.

In Glytothorax telchittathe oxygen uptake gradually increased from 1.048.145
mlO,.h™* with increase in body weight from 3.315g to 31.35Agfish of 19.0269g
average body weight consumed 4.344 o, A straight line was obtained when
these data were plotted on a graph

Log O2 Y= 0.9303x - 0.4946

R2z=0.9936
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Figure 2. Log/log plots showing the relationship betweemiyboveight and oxygen uptake
(m1Q.h?) at 24.0+1°C inG. telchitta

The expression of the relationship between the tar@ables has been made by the
following allometric equation.

VO,= aWb (Where, VQ= Oxygen uptake per unit time, a= intercept or edlor 1 g
fish, b= slope of regression line and W= body wgigh

The log of the oxygen uptake (mi@") in relation to body weight gave a straight line,
when different scores were fitted by the least sgpiaegression method (Fig. 2). The
slope (b) of the regression line was 0.9303. Thienated value of oxygen uptake for
1 g fish and the correlation co-efficient ‘r' beteveoxygen uptake and body weight
were 0.3202 and 0.9968 (p<0.001) respectively. Tafier value indicates a high
degree of correlation. The relationship betweergeryuptake per unit time (mj®™)
and body weight (Table 2) may be represented bydilweving equation.

VO,= 0.3202 w %%

Or, log VO, = oxygen uptake per unit time (mi@™)
Slope ‘b’ = 0.9302

Intercept ‘a’= 0.3202

W= body weight of the fish and

Correlation coefficient ‘r = 0.9968; P<0.001.

Summary of the equations are in the Table 3.

The computed values for the rate of oxygen uptakea fish weight 1i 10, 50 and 100
g body weight were 0.3202, 2.7275, 12.180 and 2®2@nI0,..h~) respectively
(Table 4).
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Table 4. Statistically estimated data for oxygen uptake {V& temperature 240.£1.0°C for 1,

10, 50 and 100 g fishes based upon regressionsisalsing least square method. Their 95%
confidence limits are also given.

Body weight Oxygen uptake 95% confidence Oxygen uptake 95% confidence

(9) mlO,h™ Limit mlO,g*h™ limit
1.0C 0.032( 0.39: 0.032( 0.039:
0.26: 0.26:

100C 2.72¢ 3.96: 0.027: 0.029¢
1.871 0.18¢

50.0( 12.18¢ 8.96: 0.42( 0.39¢
7.44( 0.14¢

1000.0t 23.23. 40.07¢ 0.23: 0.40:
1346 0.13¢

Relationship between body weitlght and oxygen ugtak anit body weight
(MIOy-.h™) at 24.0+£1°C.

The weight specific oxygen uptake (natﬁ.h‘l) decreased with increasing body
weight (Table 1). The weight specific oxygen uptaké&. telchittadecreased from
0.326 to 0.258 migj*.h™* with increase in body weight from 3.22 g to 316l he

weight specific oxygen uptake of a fish of 19.08@rage body weight was found to
be 0.26 mIQg™.h*

0
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Figure 3. Log/log plots showing the relationship betweermhbaveight and weight specific
oxygen uptake (mlg@y*.h?) at 24.0+1°C inG. telchitta.

A straight line with slope of 0.0698 was obtaineldew the data for weight specific
oxygen uptake rate were plotted against body weighlog-log coordinates (Fig. 3).
The estimated value for a 1 g fish was 0.3202. fidttionship between the body
weight specific oxygen uptake rate has been showthé following expressions.

VO, = 0.3202 W27
Or, Log VO, = 0.3203-0.0697 Log W.

From the above expression; it is evident that tleegat specific oxygen uptake rate
decreased with unit increase in body weight by weroof -0.0697. The correlation
coefficient ‘r' was found to be 0.6826 (P<0.2) whindicates that the relationship is
significant. The estimated value of oxygen uptakte (miGg*.h™) for 1, 10, 50 and
100 g fish were 0.3202, 0.273, and 0.232 respdygtive
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Discussion

The rate of oxygen uptake in fish depends uporowuariabiotic and biotic factors
(Imabayashi and Takahashi, 1987). Of the diffebeéottic factors, body weight plays a
very important role and it is well known that a mal increase in oxygen uptake is
associated with an increase in body weight. Siheesalue of exponent ‘b’ relating to
oxygen uptake per minute time in most of the fsless than 1, the weight specific to
oxygen uptake (mlg*.h™") decreases with increase in body weight.

Several workers have suggested different exponalues to state the relationship
between oxygen uptake and body weight. Proser armviB (1961) broadly
generalized this value and suggested that it carde from 0.67 to 1.0. However,
exception to this range is not uncommon. Exponahievas low as 0.5 was reported
by Ruhland (1965) and 0.531 by Munshi and Dube §L9imilarly, exponent values
of more than 1.0 have also been reported (Wareslgmadh, 1979; Munshet al,
1978). An exponent ‘b’ value greater than 1.0 metmt it predicts the weight
specific oxygen uptake increase with increasing/bodight.

In the present study, the oxygen uptake per ume tin hill-stream Sisorid catfish,
Glytothorax telchittavas estimated to be 0.930. This value is highan the exponent
values reported for a number of purely aquatic thvieg fishes (Jager and Dekkers,
1975; Ojha and Singh, 1981; Sinha 1983; Roy andd¥iui984; Singtet al, 1991).
The slope value of5. telchitta was much higher than the ‘b’ values of many air
breathing fish (Munshi and Dube, 1973; Ogtaal, 1978). But the exponent value
0.841, in the facultative air-breathing Siluroi@larias batrachus(Munshi et al,
1976) was comparatively very closer to the exponaitie of G. telchitta (i.e.,
0.9303.).

The exponent value 0.9303 ‘b’ . telchittawas very close to 0.960 and 0.976 in
Puntius sophorendCrenimugil labrosugepectively (Flowerdew and Grove, 1980).
But it was lower than 1.053 iRimephles promela@Vares and Igram, 1979).

When the exponent value &. telchittawas compared with other hill stream fishes, it
was found to be a little more than 0.873 thaGafra lamtabut less than 1.20 that of
Noemacheilusrupicola (Rooj, 1984). The higher exponent value @f telchitta
suggests that the gills of this fish are betterettgved than most of the fish mentioned
above. This slope values may be attributed to dwive life in the oxygen rich water.

The slope values for weight specific oxygen upt@le, VO, miO,g*.h") was found
to be -0.0697 inG. telchitta. The computed slope values -0.1259 and 0.1346.in
lamta and N. rupicola respectively indicate that the oxygen uptake pmt body
weight decreased more rapidly @G lamta(1.259)than inG. telchitta(0.0697) as the
body weight of the fish increased. HoweverNinrupicolathe weight specific oxygen
uptake will continue to increase with increase aay weight by a power function of
0.1346 on the basis of Lipskaya’s (1974) definitomay be said that the intensity of
metabolism was more M. rupicola followed by G. lamtaandG. telchitta.

The intercept value ‘a’ in case &. telchittawas found to be 0.320 which is higher
than the values for many purely aquatic breathisigeb (Ojha and Munshi, 1974;
Jager and Dekkers, 1975; Roy and Munshi, 1984hSargd M unshi, 1991) but lower
than the intercept values for some aquatic bregttsghes.
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For 1 g fish, the computed value of intercept facase ofG. telchittafound to be
0.320 which is higher than the values reportednfi@ny purely aquatic breathing
fishes (Table 5). This is an indication to a highate of metabolic decrease with unit
increase in body weight i@. telchittabut this intercept value is lower than the values
reported for some other purely aquatic breathslggs (Table 5).

Table 5. Computed data on aquatic oxygen uptake rate £l for different fish
species of 1 g body weight for comparison withtelchitta.

Fish spedes VO,mlOh™ Referen ces
Ictalurus nebulost 0.(84 Jager & Dekker:(197%)
Clarias batrachu 0.13: Munshiet a. (1974
Macrognathus aculeatu 0.14¢( Ojha & Munshi 1974)
Cyprius casrpi 0.18¢ Jager & Dekkers197E)
Macrognathus auleatu 0.21: Ojha & Munshi (1974)
Heteropneustes foss 0.21°¢ Munsh et al(197¢€)
Catostomus commersc 0.21¢ Jager & Dekker(197%)
Catla catle 0.26: Kunwaret a. (1989
Cirrhinus mrigale 0.25! Roy & Munshi(1984)
Anguilla annquille 0.277 lager & Dekkers(1997)
Rita rita 0.28 Singhet a. (199))
Glyptothorax relhitta 0.32( Subba (199¢
Glossogobius giut 0.32: Singh & Munshi(198¢)
Channa gachu 0.39¢ Ojhaetal. (197%)
Salmo trutt: 0.36¢ Jager & Dekker(197%)
Samlo gairdne 0.36¢ Jager & Dekkel(197%)
Mystus cavasil 0.53: Ojha & Singt (1987)
AnabasestudineL 0.54¢ Munshil & Dube (1977%)
Nemacheilus rupico 0.57¢ Ro0j (1989
Acipencer stellatt 0.577 Jager & Dekker(197%)
Garra lamte 0.81¢ Ro0j (1989

The intercept values ‘a’ reported for certain aiedihing fisheClarias batrachus

(0.134),Heteropnuesters fossil®.215) andAnguilla anguilla(0.277) were less than
the intercept value o6. telchitta but it was found to be higher iBhana gachua

(0.394) andAnabus testudineu®.545) in the same condition.

The oxygen uptake for 1 g in hill-stream fishék, rupicola (0.628) andG. lamta
(0.813) are two to three times more than the iefarca’ value forG. telchitta.This
suggests that the metabolic rate of M. gupicolaandG. lamtaare almost two to three
times more than that of@. telchittaof similar body weight.

From the studies of oxygen uptake raté&ofelchittait can be concluded that the rate
of oxygen uptake is neither high nor low.
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