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VIVEKANANDAN, E. Ontogenetic development of surfacing behaviour in the obligatory air-breathing fish Channa 
(=OphiocephaJus) striatus. PHYSIOL. BEHAV. 18(4) 559 - 562, 1977. - Two series of exper iments were conducted to 
relate surfacing behaviour and post-embryonic development in the air-breathing fish Channa s(riatw;. When prevented 
surfacing, the duration of survival on aquatic breathing alone decreased from 15 .6 hr in 7 mg fry to 8.8 hr in 0.75 g 
fingerling; when given free access to air, the surfacing frequency was the most erratic ( 1235 ± 823 (SO) limes/day) in the 
former and became regular (1323 ± 114 times/day) in the latter. Hanging to the surface permitted C. stria/us to exchange 
atmospheric air without undertaking vertical movement. Such behavioural adaptat ion of hanging was also erratic in the 7 
mg fry and in the latter, it became regular. The surfacing frequency was not depth-dependent but the distance travelled per 
surfacing increased with increasing depth of aquarium. The individuals weighing marc than 20 g also cou ld survive on 
aquatic breathing alone for over 16 hr. 

Air-breathing fish Channa striatwf Surfacing and hanging behaviour Ontogenetic development 

AIR-B REATHING in fishes is a biological curiosity and 
there are reports on their surfacing frequency from the days 
of \villmer [11]; yet, of more than 40 publications 
available (see [4,9]) on the surfacing activity of the 
air-breathing fishes, only 2 papers deal with ontogenetic 
development of air-breathing organ [1 ,6]. The detailed 
study of Das [1] on the ontogenetic development of 
air-breathing organ of Channa striatus and C. punctatus is 
restricted only to the structural aspects, and a co-relation of 
the structural development to the physiological and behav
ioural aspects of surfacing remains to be made. In the 
present study, two series of expeciments were conducted to 
relate the surfacing behaviour of C. striatus during its 
postembryonic development. 

EXPERIMENTA L SER IES I 

Material and Method 

Channa (= Ophiocephalus) striatus (Bloch) is an obliga
tory air-breathing fish; the air-breathing organ is a derivative 
of pharyngeal mucosa . Afferent vessels to air-breathing 
organ are arranged in parallel with branchial circulation and 
derived from afferent branchial vessels; efferent vessels 
from air-breathing organ are connected to systemic veins. ln 
the first series, the behavioural urge of C.striatlls to surface 
was indirectly estimated as a function of ontogenetic 
development by preventing them from surfacing. 

Eight different weight classes (7,105,400 and 750 mg, 

1,10,20 and 40g) of previously well-fed (on live mosquito 
larva or Tilapia muscle) C.striatlls were used for the 
experiments; they were closed with water in suitable sized 
(capacity: 0.1, 0.2, 0.3 , 0.4 , 0.5, 1.0,2.0, and 4.0 I , 
respectively) plastic containers, which were perforated all 
over the surface. The tightly closed (with rubber bands) 
containers harbouring the fish were kept in a huge 
aquarium , which was continuously aerated . The perfora
tions in the plastic containers permitted the entry of 
bubbling aerated water into the containers and the P Ol of 
the aquarium remained around 150 mm Hg. As the 
surfacing behaviour of C.striatus is dependent on the P0 2 of 
wate r [10] and temperature (9), these factors were kept 
constant in all the experiments. The water temperature 
ranged between 26 to 28° and the pH between 7.3 and 8.0 . 
As the test individuals were not fed when they were 
prevented from surfacing, a group of control individuals, 
with free acc~ss to air were maintained to estimate the 
possible mortality due to starvation . 

Results 

The 7 mg fry survived on water breathing alone ff"'r a 
maximum period of 15.6 hr (Fig. 1); in contr2st, a l '. the 
control individuals with free access to air survrv . ": . The 
period during which the larger fingerlings (0.7:' to 1.0 g) 
could survive on water breathing alone was redu (:ed to 8.5 
hr. Under same experimental condition, the larger (10- 20 
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FIG. I. Effect of body weight on time required for death of 
Ophiocephalus striatlls, when prevented from surfacing. Each value 
(mean ± SD) represents the average performance of 5 to 30 

individual~ tested at 27°C. 

g) test fjsh survived 12.1 and 16.5 hr, respectively and with 
further increase in body weight (up to 40 g), the drowning 
period remained almost constant. 

EXPERIMENTAL SERIES 2 

Since the capacity to survive on water-breath.ing alone is 
significantly reduced in C.striatus of 750 mg body weight, 
detailed observations on the surfacing behaviour were made 
in the fish weighing 7, 105 and 750 mg. At 27 (± l.Ore, 
the 7 mg fry surfaced 100 times/ hr in an aquarium 
containing 40 cm depth of water, another 11 times/hr and 
the third only 5 times/ hI. As can be seen from Fig. 2, the 
surfacing frequency in these randomly chosen frys during 
the subsequent 4 hr observation period was the most 
erratic. The magnitudes of such irregular surfacing behav
iour were relatively less in the older frys weighing 105 mg 
and the least in the fingerlings weighing 750 mg (Table I). 

Pandian and Vivekanandan [71 reported that the depth 
of aquarium significantly influenced the surfacing fre
quency of C.striatus (size: 1 g) . To test whether the 
differences in the magnitudes of deviation from the 
respective means of surfacing observed for the fry have any 
bearing to the depth of aquarium, another series of 
experiments were conducted in 2.5 cm depth of aquarium. 
The magnitude of differences in the surfacing behaviour are 
comparable (Fig. 2) to the respective ones observed for the 
fry exposed to 40 cm depth. These observations on the 
ontogenetic development of surfacing behaviour conclu
sively show that only when the fish attains a body weight 
of 750 mg, the surfacing behaviour became regular. 

C.striatus is known to hang to the surface for a definite 
period of time after a few surfacings; in addition to 
branchial respiration, hanging to the surface permitted the 
fish to exchange atmospheric air without undertabng 
vertical movement [7]. Long time observations were made 
on the hanging duration and number of hanging and 
surfacing as a function of aquarium depth (2.5, 5.0, 15.5, 
and 40 em). 

Recording device like the one suggested by Saksena [8] 
could not be used as the dorsal fin of C.striatus, which 
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FIG. 2. Individual observations on the surfacing frequency of 3 
randomly chosen individuals (represented by 006) belonging to each 
of the 7, 105 and 750 mg weight classes of Ophiocephaills striatlls 
maintained in 2.5 and 40 cm depth of aquaria, to show the 
magnitudes of irregularity of surfacing behaviour. The observations 

were made continuously for 5 hr at 27"C. 

extends about 3/4 of its body length, projects above the 
water surface when the fish hangs to the surface. This leads 
to false recording, when the fish is not actually surfacing. 
Hence observations were made 4 times every day, each 
observation lasting for a period of 30 min. The distance 
travelled by the fish to exchange atmospheric air was 
calculated by multiplying the number of surfacing with 
twice the depth of water, and correcting it for the 
respective hanging duration value. 

At all the tested depths, the magnitude of irregular 
surfacing frequency was the highest (c.v. = 60%) in the 7 
mg fry; the range of irregularity decreased to 42% of the 
respective means in the 105 mg fry and subsequently 
became the minimum (8%) in the fingerling weighing 750 
mg (Table I). Similar analyses of the data obtained for the 
hanging frequency and duration as well as total distance 
trav,eUed on surfacing activity revealed the highest percen
tage of variation in the 20 hr old fry and the least variation 
in the fingerling. 

Secondly, the surfacing frequency, which was not a 
depth-dependent behaviour in the 20 hr old fry (mean of 4 
different depths groups: 1368 times/day) and the older fry 
(1272 times/day) became significantly (e.g. 2.5 vs 40 cm 
depth, Student's t = 5.235, p<O.OO I) depth-dependent in 
the fingerling weighing 750 mg. For instance, the frequency 
of surfacing steadily increased from 1323 times/day in the 
2.5 cm depth group to 1891 times/day in the 40 cm depth 
group. Hanging duration, which was not depth-dependent 
in any of the weight classes tested, steadily in creased from 
1.6 hr/day in the younger fry to 3 .5 hr/day in the 
fingerling. Corresponding values obtained for the distance 
travelled revealed that C.striatus is. very much dependent on 
the depth of aquarium during its early life stage. 
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TAB L E I 

EFFECT OF DEPTH OF AQUARIUM ON THE ONTOGENETIC DEVELOPMENT OF SURFACING AND HANGING BEHAVIOURS IN CHANNA 
STRIATUS. EACH VALUE REPRESENTS THE AVERAGE PERFORMANCE OF MINIMUM 10 INDIVIDUALS (MEAN ± SO) REARED FOR A 

PERIOD OF 10 DAYS AT 27 ± Joe; c. V. REPRESENTS COEFFICIENT OF VARIA nON 

Depth of 
aquarium Number of Hanging frequency Hanging duration Distance travelled 

(em) Sutfacinglday (times/day) (hr/day) (m/day) 

Size: 7 mg younger 
fry 

Mean SD C.V. (%) Mean SD C.V . (%) Mean SD C.V.(%) Mean SD C.V. (%) 
2.5 1235 823 67 44 20 44 1.5 1.2 80 58 31 53 
5.0 1487 746 50 46 17 36 1.6 1.1 66 139 83 60 

15.5 1339 811 61 39 14 36 1.5 1.2 81 389 198 51 
40.0 1409 904 63 55 24 45 1.6 1.5 93 1056 518 49 

Size: 105 mg older 
fry 

2.5 1217 640 53 321 123 38 1.4 0.7 50 56 26 46 
5.0 1256 652 52 356 109 31 1.5 0.7 47 119 36 30 

15.5 1310 496 39 317 96 30 1.2 0.3 25 405 145 36 
40.0 1205 278 23 396 I I3 30 1.5 0.7 47 904 416 46 

Size: 750 mg 
fingerling 

2.5 1323 114 8 165 21 
5.0 1338 115 8 165 12 

15 .5 1498 126 8 I72 20 
40.0 1891 134 7 201 34 

DISCUSSION 

The present experiments have conclusively shown that 
the time in which the fish grows from about 7 mg (1 em 
body length) to 750 mg (4 .5 em L) body weight represents 
the period, during which ontogenetic development of the 
air-breathing organ and the regular surfacing behaviour are 
completed . Preliminary experiments showed that C.striatus 
required about 60 days to grow from 7 to 750 mg in the 
laboratory. Das [1] reported moderately deve loped air
chamber in the fry measuring 1.8 em L. However, he has 
failed to report the body length of the fish in which he 
found fully developed air-breathing organ . Presumably, the 
fish completed the structural development in a fry mea
suring between 1.6 and 4 .5 em L, and perhaps completed 
the development of regular surfacing behaviour in a fry, 
whose body length was very close to 4.5 em . This view is 
supported by the observation that the fish weighing 105 
( 1.8 em L) and 400 mg (3 .2 em L) could still survive on 
water breathing alone for considerably longer durations 
(over 11 hr) than that observed in the fish weighing 750 rng 
(4.5 em L) . The observation that the juvenile African 
lungfish Protopterus aethiopicus survived on waler breath
ing alone for several days, whereas the adult fish did not 
survive when prevented from surfacing for a longer duration 
[3] , may also indicate that the juvenile lungfish bas not yet 
completed the development of air-breathing lung and other 
associated organs, as welJ as the regular surfacing behaviour 
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4. 1 1.1 27 55 5 IO 
3.4 0.4 12 115 13 II 
3.1 0.9 29 404 44 II 
3.2 0.4 I3 1311 92 7 

and hence could afford to survive on water-breathing alone; 
however, the adult lung-fish, which has completed onto
genetic development of the lung and surfacing behaviour, 
could not survive when prevented from breathing air for a 
longer duration. Recently, Dube and Munshi [21 have 
observed that A nabas lestudineus of lower weight group 
survived for a longer period than that of higher weight 
group, when prevented from surfacing. They suggested that 
as the fish attained larger size, the rate of increase in gill 
surface is lower than that in the surface of the accessory 
respiratory (labyrinthine) organs. Dube and Munshi [2] 
also brought evidence that the diffusing capacity of gills of 
A.testudineus decreases as the fish grows, and as such the 
gills of smaller fishes are more efficient in gaseous ex
change. 

The fact that the larger C.striatus (> 20 g) also could 
afford not to surface for a longer duration is interesting and 
unexpected and presumably, these weight groups have 
developed a definite capacity no t to surface for a longer 
duration and to procure more oxygen branchially when 
prevented from surfacing, or they have accumulated suffi
cient energy-rich substances that they could afford to 
switch over to anaerobiosis (see [5J). This area of research 
can be very profitable one , and it is receiving attention. 
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