J. exp. Biol. 105, 317-338 (1983) 317
Printed tn Great Britain © The Company of Biologists Limited 1983

AQUATIC AND AERIAL RESPIRATION RATES,
MUSCLE CAPILLARY SUPPLY AND
MITOCHONDRIAL VOLUME DENSITY IN THE AIR-
BREATHING CATFISH (CLARIAS MOSSAMBICUS)
ACCLIMATED TO EITHER AERATED OR HYPOXIC
WATER

By IAN A. JOHNSTON ano LYNNE M. BERNARD

Department of Physiology, University of St. Andrews, St. Andrews, Fife,
Scotland KY16 9TS

aNnp GEOFFREY M. MALOIY

Department of Animal Physiology, University of Nairobi, P.O. Box 30197,
Nairobi, Kenva

(Received 9 November 1982 Accepted 31 Fanuary 1983)

SUMMARY

Specimens of the African air-breathing catfish Clarias mossambicus were
acclimated to either aerated (Pwo, 15-3 KPa) or hypoxic (Pwo, 2-4 KPa)
water for up to 27 days at 20 °C. Routine respiration rate for fish acclimated
to aerated water was 85-7 mlO; (kg bodyweight) ~' h™!. Gas exchange across
the suprabranchial chambers accounted for 25 % of the total. In aerated
water the interval between air-breaths varied from 1-4 to 30-6 min. On acute
exposure to hypoxia air-breathing frequency was unaltered (6-3h7!)
although aerial respiration rate increased by 70 %. This suggests that ven-
tilation of the suprabranchial chambers is variable and that air-breathing
frequency is a poor measure of air-breathing effort. Total respiration
decreased by 46 % on acute exposure to hypoxia (Pwo, 2-4 KPa), reflecting
a reduction in routine activity. Following acclimation to hypoxia, air-
breathing frequency (8:1 h™') was higher and total routine respiration rate
increased from 46-3 to 67-:8 mlO2 kg=!h~!. The increased oxygen consump-
tion with hypoxia acclimation was largely the result of an increase in aquatic
respiration from 10-4 to 27-5mlOz kg 'h™1.

Measurements were made of mitochondrial volume densities [Vv(mt,f)]
and capillary supply to fast and slow myotomal muscles. The fraction of
fibre volume occupied by mitochondria was 15 % for slow and 2+5 % for fast
muscles. Values for [Vv(mt,f)] obtained for fish slow fibres are much higher
than for homologous muscles in birds and mammals and show a good cor-
relation with capillary density [NA(c,f)].

Hypoxia acclimation did not result in changes in either muscle Vv(mt,f)
or NA(c,f). It is suggested that increased ventilation of the suprabranchial
chambers and greater oxygen extraction across the gills obviates the need for
modifications in these parameters.
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INTRODUCTION

The catfish (Clarias mossambicus) is common throughout the waters of East
Africa. During the dry season stagnant pools evaporate and the oxygen tension is often
greatly reduced as a result of rotting vegetation. Clarias is able to survive indefinitely
under these conditions by obtaining oxygen from the atmosphere using special
suprabranchial organs (Moussa, 1957).

A closely related catfish, Clarias batrachus, is found in similar habitats on the Asian
sub-continent. Like C. mossambicus this species obtains oxygen from both the air and
water (Singh & Hughes, 1971). These authors reported that in aerated water C.
batrachus obtained 58 % of its oxygen from the air out of a total routine respiration
rate of 94 mlO, kg™ h™! at 25°C (Singh & Hughes, 1971).

In common with many other fish, these catfish species show a reduction in metabol-
ic rate when subject to acute hypoxia (Singh & Hughes, 1971). For example, the
oxygen consumption of Clarias batrachus in water of Po, 5-4 KPa is only 26 % of that
of catfish held in aerated water (Singh & Hughes, 1971). Under these conditions both
species show a decrease in the interval between air-breaths and an increased reliance
on aerial respiration (Moussa, 1957; Singh & Hughes, 1971).

In fish dependent entirely on aquatic respiration, O consumption often rises
following a period of acclimation to hypoxic conditions (Hughes, 1973; Van den
Thillart, 1982). This is largely the result of an increased effectiveness of oxygen
transfer across the gills (Wood & Johansen, 1972; Weber & Lykkeboe, 1978). The
mechanisims involved are complex and include changes in ventilatory efficiency,
haematocrit, erythrocyte pH, and in the concentrations of ligands affecting the
haemoglobin-oxygen equilibrium (Wood & Johansen, 1972; Hughes, 1973; Greaney
& Powers, 1978). For example, Fundulus heteroclitus acclimated to hypoxic water
showed an 11 % increase in haematocrit and a 40 % decrease in ATP concentrations
over a 12-day period (Greaney & Powers, 1978; Powers, 1980). Both these factors
would result in a significant increase in the oxygen carrying capacity of the blood after
hypoxic acclimation. The extent to which fish can compensate for a reduction in
environmental oxygen availability varies between species and according to the severity
of the hypoxia as well as with other environmental variables such as temperature
(Hughes, 1973; Van den Thillart, 1982).

There have been few previous studies on the effects of hypoxia acclimation on the
respiratory system of air-breathing fishes (Weber & Wood, 1979; Weber, Wood &
Davis, 1979; Gee, 1980; Graham & Baird, 1982). In the present study Clarias
mossambicus were acclimated to either aerated or hypoxic water for up to 27 days.
Measurements were made of air-breathing frequencies, routine aerial and aquatic
respiration rates, the volume densities of skeletal muscle mitochondria, and various
indices of muscle capillary supply. The latter morphological parameters provide some
information on oxygen demand and supply to the skeletal muscles.

MATERIALS AND METHODS
Fish
Specimens of Clarias mossambicus (Richter) of mean bodyweight 50-0 +5-3g
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(mean *s.E. for 20 fish) were obtained from Lake Victoria, Kenya during June 1981.
They were subsequently maintained for several weeks at 20 °C in tanks of fresh water
at the University of Nairobi (altitude 1867 m). Prior to experiments, fish were trans-
ferred to small glass aquaria (60 X 25 X 25 cm) in groups of four. Except for the front
panels, the sides of the tanks were covered with opaque plastic sheeting.

Fish with dissimilar characteristics e.g., spots and scars, appearance of fins etc.,
were chosen for each tank such that it was possible to identify and observe individual
catfish. The water in two of the tanks was well aerated and had a mean Pwo, of
15:3 KPa. About one-third of the water was changed on alternate days. Two other
tanks were not aerated, and the respiration of the fish was used to reduce the oxygen
tension. Water was circulated between the tanks and passed through an activated
charcoal filter (6:51 capacity) to remove waste products and uneaten food. Gas-
exchange at the surface of these tanks was reduced by pieces of polyethylene sheeting.
The Pwo, of the water in the hypoxic tanks fell over 24 h until it reached a steady level
of 2:4 KPa (range 1:5-3-2 KPa). Fish were acclimated for 27 days to either aerated
or hypoxic water under natural daylight (12h light: 12h dark) and at room tem-
perature (20 °C). The temperature in the laboratory was almost constant (=2 °C) over
this period.

All fish were fed daily on tropical fish food flakes supplemented with chopped pig’s

liver.

Behavtoural observations

The intervals between air-breaths were timed for each fish in the hypoxia tanks for
periods during the 36 h following reduction of the oxygen tension to 2-4 KPa. Further
measurements of air-breathing frequency were carried out after 10 and 13 days of
hypoxia. Air-breathing frequencies of fish in the aerated tanks were measured on days
16 and 17

Measurement of routine oxygen consumption

Routine oxygen consumption was measured, as described by Hughes & Singh
(1971), using a closed respirometer which consisted of a water-filled chamber of 6-51
and an air chamber of 125ml (Fig. 1). Fish were transferred to the respirometers
containing either aerated or hypoxic water at least the night before any measurements
were made. During this time the fish remained undisturbed and had free access to the
atmosphere. At the start of experiments the lid was placed on the respirometer such
that the fish could only obtain air through a small opening (~3cm?) to the air-
chamber (Fig. 1). Since the water and air were in direct contact the fish were able to
locate the opening and breathe air normally throughout the experiment. Over the time
period of the experiments the diffusion of oxygen across the opening was not sig-
nificant compared with the changes caused by the respiration of the fish. Samples of
air and water were collected in syringes at intervals of between 45 and 60 min. The
Po;, of water samples was measured using a radiometer PHM 72 Oxygen Analyser and
the % O2 content of air samples analysed with a Taylor Oxygen Meter. Measurements
of respiration rates of fish from the hypoxic tanks were started after 18 days of
acclimation to reduced oxygen and continued until day 27 when all the fish were
killed. The initial Pwo, values in the respirometers were adjusted by bubbling either





