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ABSTRACT

Fed Anabas scandens surfaced 555 times, swimming 278 m/day in non-aerated water (Pg,: 66 mm Hg)
and 855 times, travelling 428 m/day in aerated water (Po,: 147 mm Hg). Consumption, assimilation,
production and metabolism of either series averaged 22, 18, 5 and 13 mg dry substance/g live
fish-day, respectively. The high P, elevated metabolism, increased surfacing and swimming acti-
vities but failed to alter food utilization. Culturing A. scartdens in aerated waters offers no special
advantage. Starved fish in non-aerated and aerated waters surfaced 330 times and swam 164 m/day.
expending 1.5 mg/g-day.

1. INTRODUCTION

Air-breathing fishes, inhabiting waters of low oxygen content in the tropics, surface intermit-
tantly for “breathing air”’; Pandian and Vivekanandan (1976) controlled the swimming dis-
tance of the obligatory air-breathing fish Ophiocephalus striatus by rearing them in cylindrical
aquaria containing different depths of water. Since the fish were forced to swim to the surface
in order to exchange atmospheric air, such an experimental design permitted the measurement of
food intake, growth, and sustained active metabolism in relation to surfacing activity on a long
term basis. The Authors found that the fish in deeper waters consumed significantly more food,
swam longer distance and dissipated more energy on swimming and surfacing activities.

The Pg, of several tropical ponds undergoes wide and rapid diurnal fluctuations, thereby
exposing air-breathing fishes like Anabas scandens to a range of P, from 46 mm Hg (at 6 a.m.)
to 130 mm Hg (at 6 p.m.) in a day (e.g. Reddy, Natarajan 1970). The fluctuations in the Po,
therefore may influence the frequency of surfacing (e.g. Hughes, Singh 1970b), which in turn,
alters the energy required for such activities; i.e. the fluctuations in the P, may ultimately influence
the rate and efficiency of food utilization. The present paper reports on the effects of fluctuations
in the Po. on surfacing activity and food utilization in the obligatory air-breathing fish A. scandens.

2. MATERIALS AND METHODS

A. scandens weighing 11+2.2 g (mean + SD), 8 cm body length, was reared in cylindrical
(15 cm diameter) aquarium (capacity: 3.75 ). A translucent glass plate of 14.5 cm breadth (30 ecm
length) was introduced into each aquarium: on one side of the glass partition, water was aerated:
but the fish was confined to the other side. Water could move through the space available between
the wall of the aquarium and the partition, while the fish swam in its semi-circular cylinder. This
arrangement effectively minimized the horizontal swimming activity of the fish and also minimized
the distraction of the fish from the bubbling stone connected to the aerator. The depth of water
was kept constant at 25 em in all aquaria and therefore the fish travelled 0.5 m when surfaced
to breathe.

Two series were run: one in aerated aquaria and the other in non-aerated aquaria. In each
series, one group was slarved, and the other was fed goat liver twice every day for a period of twe
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hours. From control aquaria, fluids lost from the liver pieces during 2-hour period was measured
and found to be 1.1£0.139; of the liver. Unfed liver was collected from the experimental aquaria
using a pipette and along with its respective weight, 1.17; was added as the correction for the lost
fluids from the liver during the 2-hour feeding period. Faeces were collected by filtering the entire
aquaria once every three days. The “Sacrifice Method™ (Maynard, Loosli 1962) was used for
determining the water content of the test individuals of both groups in each series before beginning
the experiment.

The scheme of energy balance followed in the present work is that of IBP formula (Petruse-
wicz, Mac Fadyen 1970) usually represented as C= P+ M+ F,where C is the consumption of food,
P — the production, M — the energy lost as heat due to metabolism and F— the faeces. The quantity
of dry food assimilated (4) was estimated by subtracting the F from the C, and that of the P by
'subtracting the initial dry weight of the individual at the beginning of the experiment from the
final dry weight of the individual at the end of the experiment. As the C, P and F are known, meta-
bolism (M) can be calculated relating it to per unit initial live weight (g) of the fish per unit time
{day). To express metabolism as ml O, uptake, 4.8 g cal energy was considered as eguivalent to
1 ml of Oz uptake (Engelmann 1966); calorific value of A. scandens was known to be 3000 g cal/g
dry weight (see Golley 1961).

The experiment was conducted in a laboratory, where there was no disturbance except for
feeding and routine observations; the laboratory was illuminated for 14 h/day from 6 a.m. to 8 p.m.;
‘water temperature fluctuated between 25 and 27°C and averaged to 26°C. The number of times
-each test individual surfaced was observed for a known period of time (30 to 45 min), three times
a day at 7 a.m., I p.m. and 7 p.m. The distance travelled per individual per day was estimated by
multiplying the mean number of visits per unit observation time with twice the depth of water.
‘Observations were made daily for a period of 28 days; since observations were made on three indi-
viduals in each of the groups belonging to two different series, each value in Tab. Il represents the
average (surfacing) performance of a minimum of 175 observations.

Following standard procedures, dissolved oxygen content (Winkler method) and free (dissolved)
carbon dioxide content (Stroganov method) of each aquarium water were estimated every day
at about 3 p.m. Following Pierce et al. (1973), the dissolved oxygen content values were converted
to partial pressure of oxygen (Po,). For estimation of free carbon dioxide content, phenolphthalein
was added as indicator to 100 ml of water sample. This was titrated against N/44 sodium hydro-
xide until pink colour disappeared. The amount of free CO, expressed in mg/l, was calculated mul-
tiplying the titre value by 10. Water was changed in the aquarium once every three days, except
on the 24th day of the experiment, when the aquaria were left for five days without changing water.

3. RESULTS AND DISCUSSION

a. SURFACING AS FUNCTIONS OF FLUCTUATING PO, AND CO.

Since water was changed in all the aquaria once every three days, the respective
values obtained for the Py and free CO, on the O day, the first and second days
(refer Material and Methods) were separately averaged and are shown in Fig. 1.
The significant drop (0 day as first day; Student’s r=3.347; P<0.05) in the Py_of
the non-aerated aquaria containing fed group may be due to decomposing facces.
On an average, the starved and fed groups in the aerated series enjoyed P, of 152
and 147 mm Hg, and CO, of 1.5 and 3.5 mg/l, while those of the non-acrated se-
ries were exposed to the Py_of 111 and 66 mm Hg, and CO, of 3.8 and 5.4 mg/l,
respectively. )

Although both the fed and starved groups in the aerated series enjoyed an ave-
rage Py of about 150 mm Hg. they still surfaced once every 1.7 and 4.2 min, res-
pectiveI)_/; this clearly shows that the gills are inadequate to supply the oxygen
requirements entirely from water. Under similar situations (25°C: 148 mm Hg
Py ), A. testudineus (22 g) is reported to surface once every 12.2 min (Hughes,
Sin gh 1970b). The fact that the proportion of oxygen consumption obtained from
air is only 54 9, in A. testudineus (Hughes, Singh 1970a) and 809, in A. scandens
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Fig. 1. Fluctuations in the Po, (A) and free CO, (B) in the acrated (I and 3) and non-aerated (2 and 4)

waters of aquaria containing fed (3 and 4) and starved (1 and 2) Anabas scandens. 'The values for

the 0, first and second days represent the average of minimum 3 values estimated on 8 different
dates; third, fourth and fifth days represent the 26th, 27th and 28th days of the experiment

(Reddy, Natarajan 1970), explains at least in part why the latter surfaces more
frequently than the former. ‘

The feeding group of the aerated series surfaced around 850 times/day, despite
the variations in the Py from 155 mm Hg on the 0 day to 107 mm Hg on the 4th
day (Fig. 2A). The differences observed in the:number of surfacings among the
starved groups of either series were not significant, (Student’s 7=25.780; P<0.10)
and the surfacing, which was dependent on the Py , decreased from 377 times/day
at 155 mm Hg to 253 times/day at 83 mm Hg. In thé fed group of the non-aerated
series, the surfacing increased from 3501 times/day at 134 mm Hg on the O day to
651 times/day at 22 mm Hg on the 3rd day (Tab l’) and subsequently decreased
{Fig. 2A). The analyses on the number of Surfacmgas as function of the fluctuating
P, on different days of the experiment (Fig. 3) reveal fhat when the Po_ decreased
below 60 mm Hg on different days of the experiment, the fish increased the number
of surfacings from about 550 to 650 times/day and perhaps obtained less proportion
of oxygen via gills. Hill et al. (1972) also noted-that the young dipnoan fish Lepi-
sosteus oculatus increased surfacing from about 190 times/day at the Py, of 80
mm Hg to over 480 times/day, when the Po, decreased below 79 mm Hg (however,
see also De Roth (1973). The bowfin Amia calva increased surfacing to over 1,200
times/day below 100 mm Hg at 30°C, over 440 times/day below 80 mm Hg at 20°C
and over 190 times/day below 40 mm Hg at 10°C {Johansen 1970). Vivekanan-
dan (1975) observed that the obligatory airubreq‘[hmg fish O. strigtus increased
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Fig. 2. Effects of the Py, (A) and free CO; (B) on the number of surfacings by Anrabas scandens
1-4 as in Fig. 1. The values for the 0, first and second days represent the average perfor mance of
minimum 3 individuals observed on 8 different dates for a period of about 3 hours per day

Table I. Effect of Po, and free CO; on the surfacing activity of fed Anabas scandens of the non-
aerated series and correlation coefficients » between them. Surfacing values represent the average
performance of 3 individuals (mean +SD), observed for a period of 28 days at 26°C

Number of i Coefficients of correlation
days a_ftcr { Po, Free CO, Surfacing b
atquar;um (mm Hg) | (me/1) (times/day) ' | Surfacing on | Surfacing on
water change ‘: Po, CO,

0 ' 134+18.3 1.9+0.01 501+20.8 —0.84%* 0.41*

1 I 40+10.0 5.6+0.72 570+61.6 —0.96%** 0.72%*

2 i 22+0.00 | 8.6+0.65 633+30.6 —0.94%%* 0.79**

3 | 224000 | 9.1+0.00 651+60.0 —1,00%*% | 1.00%%*

* Not significant P>0.1.  ** Significant P<0.02.  *** Highly significant P<0.001.
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the number of surfacings from 912 times/day at 155 mm Hg to 1183 times/day at
the Py, of 42 mm Hg. The facultative air-breathing catfish Heteropneustes fossilis
increased surfacing, when the P, decreased below 70 mm Hg (Arunachalam
et al. 1976). Feeding A. scandens of the aerated series undertook more or less con-
stant number of surfacings (850 times/day), though the CO, significantly increased
from 1.2 mg/l on the 0 day to 8.6 mg/l on the 5th day (Fig. 2B). Surfacing response
of the feeding group of the non-aerated series differed from that of the aerated se-
ries; it increased from about 501 times/day at 1.9 mg CO,/l to 651 times/day at
9.1 mg CO,/l (Tab. I). This observation is again supported by the analyses of the
number of surfacings as function of the fluctuating CO, on different days of the expe-
riment (Fig. 3). When the CO, increased above 5.4 mg/l on different days, the
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Fig. 3. Day-to-day fluctuations in the Py, (A) and free CO; (B) in the non-aerated aquaria and the

consequent differences in the surfacing response (C) of the fed Anabas scandens. Each surfacing

value represents the average performance of minimum 3 individuals observed for about 3 hours
per day for a total period of 28 days
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fish surfaced more frequently and perhaps obtained less oxygen branchially. On the
whole, the surfacing response of the fed group in the non-aerated series increased
until the Py, of 22 mm Hg and CO, of 9.1 mg/l, which were the levels usually obser-
ved on the 3rd day in the aquaria.

The starved groups of either series decreased surfacing from about 380 times/day
at 1.2 mg CO,/l to 260 times/day at 5.9 mg/l. To both the increasing CO, and de-
creasing Po, levels, the level and pattern of response of the starved groups of either
series were different from those observed for the regularly fed groups. Arunacha-
lam et al. (1976) also observed that the surfacing response of the starved H. fossilis
was different from that of regularly fed animals. They reported that the number of
surfacings linearly decreased from about 180 times/day at the Py, of 140 mm Hg
to about 150 times/day at 115 mm Hg. In order to assess the relative importance
of the Po, and CO, on air-breathing, correlation coefficients for surfacing-Po_ and
surfacing-CO, were calculated for the fed group of the non-aerated series (Tab. I);
the coefficients obtained for surfacing-Po_ are highly significant on 1st, 2nd and
3rd day after the change of water in aquaria, while those obtained for the surfacing-
CO, are only significant on the Ist and 2nd days and higly significant on the 3rd
day. Therefore, the surfacing activity is primarily dependent on the Py _between 40
and 22 mm Hg. Within the range of CO, from 5.6 to 8.6 mg/l, the sﬁrfacing acti-
vity may be of secondary importance. As the coefficient became highly significant
for the surfacing-CO, (at 9.1 mg free CO,/]) on the 3rd day, breathing activity may
be dependent on the levels of free CO, as well as P . Hughes and Singh (1970b)
concluded that total CO, is the most important factor in determining aquatic and/or
aerial respiration in A. festudineus; the climbing perch performed aquatic and aerial
respiration upto the Po_ of about 19 mm Hg in water, provided the total CO, con-
tent of the water was below 15 vols % and at 16 vols %;, aerial respiration became
predominant and exclusive between 18 and 22 vols 9. In the present study, 4.
scandens was subjected to maximum free CO, stress of less than 9.9 mg/l, which may
be approximately equivalent to the total CO, content of less than 10 vols %, and
hence the results obtained and the conclusions drawn in the present study may not
be comparable to those of Hughes and Singh (1970a, b). Whereas the lowest
Po, to which A. festudineus exposed by Hughes and Singh (1970b) was 18.9 mm
Hg, that to which the fed A. scandens of the non-aerated series subjected was as
Iow as 18 and 13 mm Hg on the 4th and 5th day following water change in aqua-
rium. Between 13 and 22 mm Hg, A. scandens continued surfacing but reduced the
number of times it visited the surface (Fig. 2A). The fact that A. scandens reduced

-the number of surfacings at such low Py suggests that the decreasing Pp_ reduced
the metabolic level, which in turn, decreased the number of visits to the surface
forcing the fish to obtain proportionately less oxygen from the air.

b. SURFACING AND DISTANCE TRAVELLED

Hitherto analyses were made on the data obtained for the Py and free CO,
and the consequent surfacing response of the different groups. However, certain
other trends became apparent, when the mean data (Fig. 4) obtained for the num-
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ber of surfacings and distance travelled/day for the total period of 28 days were
averaged. The fed group in the non-aerated series, which was subjected o an ave-
rage Po, of 66 mm Hg, surfaced 555 times and swam a distance of 278 m/day. The
number of surfacings as well as the distance travelled by the fed fish of the aerated
series, enjoying the mean Py of 147 mm Hg, significantly increased to 855 times
and 428 m/day (Tab. IT). The strong positive correlation observed between the mean
Po, and the number of surfacings is both interesting and unexpected, for it is common-
ly believed that the surfacing activity of the air-breathing fish decreases with the
increasing Po_ (see Johansen 1970). Recalculation of the data reported by Hughes
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Fig. 4. Effects of aeration on the number of surfacings and distance swum by the fed (1) and starved

(2) Anabas scandens reared in aquaria containing aerated (A) and non-aerated (B) waters at 26°C.

Each value represents the average performance of minimum 3 individuals (mean +SD) observed
for 30 to 45 minutes, 3 times a day for a period of 28 days
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and Singh (1970b) reveals that A. testudineus (22 g) also increased the number of
surfacings from 90 times/day at the Po, of 87 mm Hg to 105 and 120 times/day
with increasing Py, of 99 and 150 mm Hg, respectively. An environmental factor
like the Po_ is suggested to primarily influence the metabolism of the fish, perhaps
at cellular level, and its effect on activity may be secondary (see Shelton 1970).
The high Po, to which A. scandens and A. testudineus were exposed appears therefore
to have first elevated the metabolic level, which in turn, increased the number of
surfacings to procure proportionately more oxygen via the air-breathing organs.

The surfacing response of the starved A. scandens to the decreasing Py was
different. Starved groups exposed to an average Po of 152 (aerated water) and
111 (non-aerated water) mm Hg surfaced about 330 times, travelling 165 m/day
(Tab. II). The stress of decrease in the Po in the non-aerated series was perhaps
not sufficient to produce any marked effect on surfacing activity. Starved H. fossilis
exposed to an environmental stress of different aquarium depths exhibited no diffe-
rence in swimming activity up to a distance of 0.8 m/surfacing and reduced the sur-
facing, when it had to swim more than 0.8 m/surfacing (Arunachalam et al.
1976).

c. FOOD UTILIZATION AS FUNCTION OF THE PQ,

Continuous aeration did not influence food consumption significantly, as it
was about 22 mg/g-day for the aerated and non-aerated series. The differences
observed between the rates of assimilation (18 mg/g-day) and production (5 mg/g-
day) among the aerated and non-aerated series were also not statistically significant
(Tab. II). The minor difference observed in the consumption of food among the
series became insignificant due to clear difference observed in the assimilation
efficiency. While the group in the non-aerated aquaria assimilated 909, of the food
consumed, that in the aerated aquaria assimilated the food with 829 efficiency.
Assimilation efficiency is known to average around 809, in several fish species
(Winberg 1956), and it did not vary significantly as functions of body size (Ger-
king 1952, 1971; Pandian 1967a, b) and nutritional state (Pandian 1967d) of
the fish as well as temperature (Davies 1964; Vivekanandan 1975), quality
{(Pandian 1967b) and quantity (Gerking 1955, 1971; Pandian 1967c; Vive-
kanandan 1976) of food organisms. Net production efficiency (K,) was also about
279 in either series and did not differ markedly. It may be concluded that while
the increase in the Po, increased surfacing activity, its influence on the rate and
efficiency of food utilization is not significant. Therefore culturing A. seandens
in aerated waters may have no advantage over culturing in non-aerated water.

d. LEVELS OF METABOLISM

While energy expended on the metabolic processes by the feeding groups was
equivalent to about 13.4 mg dry fish substance/g live fish-day (=0.58 ml O, upta-
ke/g+h), that expended by the starved group in either series amounted to 1.5 mg/g-
day (=0.065 ml O, uptake/g-h) (Tab. II). The total O, uptake of A. scandens is
reported to range from 0.21 to 0.26 ml/g-h (Reddy, Natarajan 1970, 1971) and
it is 0.11 ml/g-h for A. testudineus (Hughes, Singh 1970a). A. testudineus was fed



Table 1I. Effects of the Po, on surfacing activity and food utilization in Anabas scandens. Each value represents the average performance of 3
individuals (mean +SD) observed for a period of 28 days at 26°C; Students “t” test has been used to determine the levels of significance

Acrated Non-aerated
Parameters Fed Starved Fed Starved
(Po, 147 mm Hpg) (Po, 152 mm Hg) (Po, 66 mmHg) (Poz 111 mm Hg)
Number of surfacings/day 855+92.4° 344+ 25.6° 555+43.5° 311420.0°
Distance travelled (m/day) 428 +46.2 1724+12.8 278+21.8 156+ 10.0
Consumption of food (C) (mg/g-day) 23.84+2.02° | — 19.3+0.85¢ —_
Assimilation (4) (mg/g-day) 19.44-1.869 — 17.640.72¢ =
Production (P) (mg/g-day) +5.1+£0.91 —1.5+0.17 +5.14+0.30° —1.54+0.20
Metabolism (M) (mg/g-day) 14.3+2.14° 1.5+£0.17 12.5+0.32 1.5+£0.20
Metabolism (M) (ml O,/g-h) 0.62 0.065 0.54 0.065
Assimilation efficiency (A4/C) 81.9 — 89.5 —
Gross production efficiency (K;=P/C) (%) 21.6 —_ 25.9 _
Net production efficiency (K»=P/4) (%) 26.4 - 28.9 -

a. Significant; {=4.186; p=0.02
¢. not significant; r=1.906; p«0.10
e, not significant; r=0.770; p=«0.10.

b. not significant; r=>5.780; p«0.10
d, not sigaificant; r=1.282; p«0.10
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by Hughes and Singh (see 1970b), once in 3 or 4 days and they offered no food
1 or 2 days prior to O, uptake estimates; Reddy and Natarajan (1970, 1971)
gave no food to 4. seandens on the experimental day. Therefore, the O, uptake
values reported by Hughes and Singh (19702), Reddy and Natarajan (1970,
1971) may at best be compared with those obtained for the starved A. scandens.
This aspect has been dealt elsewhere (Pandian, Vivekanandan 1976; Aruna-
chalam et al. 1976).
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4. SUMMARY

Reared in cylindrical aquaria, fed Anabas scandens surfaced 555 times, travelling 278 m/day
in non-aerated water {mean Po,:66 mm Hg) and 855 times swimming 428 m/day in aerated water
(147 mm Hg). Food consumption, assimilation, production and metabolism of both series averaged
to 22, 18, 5 and 13 mg dry substance/g live fish-day, respectively. The high Po, elevated metabolism,
which in turn increased surfacing and swimming activities but it did not alter the pattern of food
utilization. Culturing A. scandens in acrated water offers no advantage over non-acrated water.
Since water was changed once every 3 days, the Po, in the non-aerated aquarium of the fed group
decreased from 134 io 42 and 23 mm Hg on the st and 2nd day. Analyses of day-to-day fluctuations
in the Po, and free CO, as function of surfacing reveal that A. scandens increased surfacing from
550 to 650 times/day below the Py, of 60 mm Hg and above 5.4 mg CO2/l; surfacing is dependent
more on the Po, than on CO.. Starved groups in aerated and non-aerated aquaria surfaced 330
times and swam 164 m/day, expending 1.5 mg/g.day.

5. PE3IOME

BrlpampBasHbie B UANMAPHICCKHX aKBAPHYMaX, KOPMIICHHBIE A. Scandens B Hea’pHPOBAHHOI
Boze (B cpenEeM Po,:66 MM pPT. CT.) BCOIILIBAMIE HA TOBEPXHOCTE 555 pa3 B CYTKH, COBEpINAs TAKHM
oOpaszom nyTe AnuHOE B 278 M. B axsapryMax ¢ a3pHpoBaEHOIl Bonoit (147 MM PT. CT.) OHE BCOITEI-
pamm 855 pas B cyrem, genast npu ToM 428 m. IMorpebnenwe nHIIN, ACCAMMUISALNAS, TPOXYKIHEA
¥ TpaTbl Ha 0OMeH cocTaRisum coorBercrseHEo 22, 18, 5 w 13 Mr cyxoro Bseca/r ChIpOro Beca
PBIGE! B CYTKH. Bbicoroe Py, moBHIDANO TPaThl Ha OOMEH, YTO B CBOK O4YEPedb YBEIMYABAIIC
YacTOTY BCIUNILIBAHWA H MOBHIMIANO ABHIATENHHYIO AKTHBHOCTB, HO HE M3MeHsno ofpasa wmHc-
TIONB30BAHMA THINH. Beipammeanue A. scandens B a’PUPOBAHAOI BOIE HE WMEET HHKAKHX MIpe-
HMYIIECTB IO CDABHEHHIO C BEIDAIMIMBAHHEM HX B HEadPHPOBAHHOIT BoLe. BOIy M3MEHTH KaKIble
3 mHS, BCTIENTBHE Yero B aKBapHEyMe C a3pPHPOBAHHON BO4OH, B KOTOPOM HAXOOHINCE KOPMIIEHHEIE
A. scandens, Po, comm®anock ¢ 134 no 43 u 23 MM PT. CT. Ha NEpBLI 1 BTOPOH JeHb. AHAIIH3 H3Me-
nermit Po, B cBoOonroro CO, xak (YHKIHS 9acTOTH! BCIUTLIBAHES IOKA3BIBAET, UTO A. scandens
yuamaer 370 meiicrswe ¢ 550 mo 650 pas B cyTkE npm Po, HEKe 60 MM prT. cT. H CO, BBRImE 5.4
MF/7; 9acTOTa BCIIBIRZHHS 3aBHCAT B OOnbmmell cremeHEn oT Pg,, yeM ot CO,. HexopmiieHHEE
rpymnbl A. scandens B oGeux cepuax (B ASPHPOBAHHOH W HeadPHPOBAHHON BOJAE) BCIUIBIBATA
330 pas, nenast 164 M B CVTKH; TpaTsl Ha 00OMeR cocTaBnsm 1.5 MI/T B CYTKH.
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