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Abstract Gross structure and dimensions of the gills have been examined in a hill-stream sisorid catfish,
Glyptothorax pectinopterus, which remains adhered to rocks by means of an adhesive organ developed on
the ventral side of the thorax. The fish shows a greater weight-specific gill area and greater length of the
gill filaments by comparison with other hill-stream fishes. Adaptation for life in a hill-stream habitat is
shown by the presence of additional filaments on the gills and patches of specialised cells on the filament

epithelium.

Glyptothorax pectinopterus (Siluriformes: Sisor-
idae) is a water-breathing hill-stream fish found in
Uttar Pradesh, Bihar, Bengal and Nepal. Individuals
descending into the lakes and calmer waters of the
plains look somewhat different from those inhabiting
rapid streams. The fish attaches itself to the rocky
bottom by means of an adhesive organ developed on
the ventral side of the thorax. The adhesive organ
consists of alternating longitudinal ridges and
grooves, and provides a firm grip for the fish whilst
adhering to rocks in torrential streams (Sinha et al.,
1990).

Investigations on the structure and dimensions of
the gills of hill-stream fishes are few. Some of the
studies made during recent years include those on the
gill dimensions of three species of loaches, i.e.,
Noemacheilus barbatulus, Cobitis taenia (Robotham,
1978) and Botia lohachata (Sharma et al., 1982), an
intestinal air-breathing loach, Lepidocephalichthys
guntea (Singh et al., 1981) and the cyprinid Garra
lamta (Ojha et al., 1982). The results indicate that
marked inter- and intra-specific variations occur in
the respiratory surface area of the gills of fishes
inhabiting different ecological niches. This investi-
gation aims at describing the functional relationships
existing between various parameters of the gills of G.
pectinopterus, which usually remains attached to
rocks in torrential streams, showing little mobility.

Materials and methods

Gills were fixed in aqueous Bouin’s solution and
their dimensions were measured by dividing each gill

arch into different sections at intervals of 5 or 10
filaments. An average filament length was deter-
mined for each section. The total number of gill
filaments and the number of secondary lamellae/mm
occurring along the length of each filament were
counted under an Ermascope. The average bilateral
surface area of secondary lamella was determined
with the help of camera lucida diagrams made on
hand cut sections from the tip, middle and base of a
filament.

The gill area was calculated using the equation of
Hughes (1966):

Gill area=(2L/d")bl

where L =total length of filaments;
1/d’ =spacing (no./mm) of secondary lamellae
on one side of a gill filament;
and  bl=average bilateral surface area of the
secondary lamellae.

Measurements of the gill dimensions were made
on 25 specimens of G. pectinopterus varying in weight
from 2.05 to 7.97 g and body length 6.30 to 9.70 cm
and classified into 5 weight groups. Various gill
parameters (Y) such as total filament length, number
of secondary lamellae/mm, average area of the sec-
ondary lamellae and total gill area were plotted on a
double logarithmic grid against body weight (W)
and analysed using the equation,

LogY=Loga+b-LogW

Fixation of the gills in aqueous Bouin’s solution
caused nearly 5% shrinkage and the data presented
here for gill dimensions have not been corrected for
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Fig. 1. A: SEM of a gill filament showing pavement cells (PC) X720. B: SEM of the proximal end of a gill
filament showing specialized cells (SC) X 360.

this shrinkage. However, such a shrinkage did not
affect the estimate for the number of secondary
lamellae since its effects were automatically compen-
sated for by a corresponding increase in the fre-
quency of secondary lamellae.

For Scanning Electron Microscope (SEM) stud-
ies, gill tissues were fixed in 2.59 glutaraldehyde in
0.1 M phosphate buffer (pH 7.4) at 4°C for 24 hours.
The fixed tissues were then washed in 2-3 changes of
30min each in phosphate buffer and dehydrated in a
graded alcohol series. The tissues were immersed in
amylacetate before exposure to critical point drying
using CO, as the transitional medium. Dried tissues
were mounted on brass stubs with the aid of double
sided tape, and then sputter-coated with gold in a
gold coating unit. Examination was by a P SEM

500. Photographs were taken at 25 KV with a spot
size of 320 A at the Bose Research Institute, Cal-
cutta.

Results

The gill structure of G. pectinopterus is almost
identical to that of a generalized teleost as described
by Hughes (1984). However, it shows some anatom-
ical adaptations which are particularly suited to the
rapidly flowing water of the hill-streams in which it
lives. The gills are characterized by additional fila-
ments or secondary filaments, which are mostly
found in the 3rd and 4th gill arches.

The gill arches are provided with well developed
gill rakers, taste buds and mucous cells. The gill
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filaments are covered by stratified epithelium con-
taining pavement cells, which imparts a beaded ap-
pearance under SEM (Fig. 1A). At the proximal
end, a few specialized cells grouped together are
clearly distinguished from the other epithelial cells
on the afferent side of the filament edge (Fig. 1B).
The gill lamellae are wing-shaped structures. The
sieve diameters between the lamellae are small.

The data obtained on gill dimensions for 5 dif-
ferent weight groups of G. pectinopterus have been
summarised in Table 1. In Table 2, the gill area and
other parameters of G. pectinopterus are compared
with those of other hill-stream fishes.

The total gill area for a fish weighing 4.36 g was

weight was 0.51. Among the individual gill arches,
the slope for the 3rd gill arch was the highest (b=
0.50). The average weight-specific gill area (gill
area/g body weight) for the fish was 1257.68 mm®.

Regression analysis showed that the weight-
specific gill area decreased with an increase in body
weight by a power function of —0.49. Similar
relationships were also shown by the weight-specific
gill area of the individual arches.

The slope for filament length was higher (b=0.45)
by comparison with those of the filament number
(0.15), total number of secondary lamellae (0.32)
and average bilateral area of secondary lamellae
(0.17). The number of secondary lamellae/mm was

4849.31 mm’. The slope of the gill area vs body inversely correlated (b= —0.11) with the body
Table 1. Gill parameters of G. pectinopterus.
Average
Secondary . .
Total No.  Average Total lamellae/mm Total No. bilateral Total Gill
SL. Body  Body of surface . area/g
. of filament  filament on both gill
No. weight length . secondary area of body
filament length length sides of a area .
lamellae secondary weight
filament
lamellae

€9 (cm) (mm) (mm) (mm?)  (mm’) (mm’)

1 2.05 6.30 512 1.6 805.4 69.4 55770.9 0.058 3219.8 1570.6
2. 2.57 7.00 584 1.7 1024.2 69.0 70457.2 0.061 43069 1675.8
3. 3.38 7.60 604 1.7 1057.7 61.4 65016.2 0.062 4039.4 1196.0
4 5.86 8.70 652 2.1 1397.3 60.2 84109.3 0.066 5640.1  962.4
5. 7.97 9.70 652 23 1557.9 60.4 94268.8 0.074 7040.1  883.3
Av. 4366 17.86 600.8 1.9 1168.5 64.1 73924.5 0.064 4849.3 1257.6
S.E. 1.113 0.6054 25.9052 0.1 134.2 2.0 6850.5 0.002 1227.6  158.7

Table 2. Comparison of the gill parameters in some hill stream fishes. Respective slope values are given in the

brackets. Body weight ¥1.0g, ¥*¥1.25g, ¥**4.1g.

Secondary Total Average Gill
Total Aserage Total lamellae/mm No. of surface  Total area/g
Fish species No. of length of filament on both : area of a  gill body References
. secondary .
filaments filaments length sides of a secondary area  weight
lamellae ;
filament lamellae m’/g
(mm) (mm) (mm?)  (mm?)
Lepidocephalichthys ~ 372.2 0.70 264.6 90.01 23800 0.020 493.6 492.1 Singh et al.
guntea* (0.16)  (0.47) (0.63) (—0.22) (0.41) (0.32) (0.74) (—0.25)  (1981)
Botia lohachata* 517.4 1.27 661.5 77.96 51570.0 0.017 913.3 907.1 Sharma et al.
(0.06) (0.29) (0.29)  (—0.005) (0.28) (0.41)  (0.69) (—0.29)  (1982)
Nemacheilus 207.2 72.8 0.051 770.8 616.6 Robotham
barbatulus** (1978)
Cobitis taenia* 218.4 91.0 0.020 4134 413.4 Robotham
(1978)
Garra lamta*** 796 1.52 12109 66.06 79999.61 0.016 1317.59 321.36 Ojha et al.
(1982)
Glyptothorax 483.7 1.276 617.4 74.45 46834.4 0.051 2333.3 23729 Present
pectinopterus* (0.15)  (0.28) (0.45) (—0.11) (0.32) (0.17)  (0.51) (—0.49) authors
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weight.

Discussion

Morphometric analysis of the different parameters
of the gills in Glyptothorax pectinopterus revealed
some interesting features correlated with the life
style of a hill-stream inhabiting fish. The different
parameters of the gills in which such adaptations are
well documented are the number of gill filaments and
their length, the number of secondary lamellae/mm
and their surface area and, consequently, the total
gill area of the fish.

The gill area in G. pectinopterus is higher than that
of the bimodal breather, Lepidocephalichthys guntea
(Singh et al., 1981) because of a greater number of
gill filaments as well as greater length in the former.
Its gill area is also higher in comparison to some
totally aquatic breathers like Botia Iohachata
(Sharma et al., 1982) and G. lamta (Ojha et al.,
1982), although the latter have a greater number of
gill filaments and greater filament length. As for
individual gill arches, the number of gill filaments is
almost equal on the first two gill arches, but more on
the third arch. The number is much reduced on the
fourth gill arch. The slope for the number of gill
filaments in relation to body weight (b=0.15) is
almost similar to that of the freshwater cobitid L.
guntea (Singh et al., 1981). The filament length is
almost equal to that of B. lohachata (Sharma et al.,
1982) but smaller than G. lamta (Ojha et al., 1982).
The slope of the filament length is smaller (Table 2)
compared with that of L. guntea (Singh et al., 1981).

The average number of secondary lamellae/mm on
a gill filament (64.11) or its value obtained through
regression analysis for a 1g fish (74.45), is lower
compared with the cobitids but higher than the
cyprinid fishes studied (Table 2). The number of
secondary lamellae/mm on a gill filament was re-
ported by Gray (1954) and Hughes (1966) to be 62
in active and pelagic mackerel, 22-24 in sluggish and
benthic species and 44 in intermediate species (sensu
Grey, 1954). Using such criteria, Glyptothorax can
be considered to lead an active mode of life. How-
ever, the fact remains that the fish is adhered to rocks
for most of the time and shows but little mobility
during the night when capturing food organisms.

The gill area of the fish (2333.3 mm?) is compar-
atively higher due to a larger bilateral surface area of
the secondary lamellae (0.05mm?). The acquisition
of a greater gill area by Glyptothorax is advantageous

for the fish in extracting O, from rapidly-flowing,
O,-rich water of hill streams, and meets its O,
demand, even though the fish usually remains mo-
tionless.

The slope of the gill area (0.51) in relation to body
weight differs considerably from other teleosts. The
exponents reported for the gill area in fishes are
known to range from 0.5 to 1.0 (Hughes, 1972). A
lower exponent in Glyptothorax (0.51) is strongly
consistent with a slower rate of increase in the gill
surface area.

It can be concluded that adaptation of the gills of
G. pectinopterus for life in a hill-stream habitat,
where the fish normally remains adhered to rocks, is
strongly expressed by the presence of a large number
of elongated gill filaments and consequently a greater
respiratory surface area of the gills. The presence of
additional gill filaments is an adaptation for life in
rapidly-flowing water.
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