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Effect of Body Size on the Dimensions of the Respiratory
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Abstract The data on gill and skin dimensions of 12 freshwater catfish Mystus vittatus ranging
from 3 g to 23 g in relation to body weight have been analysed using logarithmic transformation.
The exponent value for total gill area was 0.789; corresponding values for Ist, 2nd, 3rd and 4th gill

arches and skin were 0.753, 0.772, 0.816, 0.823 and 0.631 respectively.

(0.211) was greater than that for skin (0.002).

Mystus vittatus is a freshwater catfish belonging
to the family Bagridae. In this catfish the gills
and skin take care of O, uptake from water for its
total metabolic activities. The fish sustains life
outside water, if its skin is sprayed with water
which confirms cutaneous respiration.

As in other animals, in fishes the metabolic
O, requirement goes up with their growth. The
growing O, demand is fulfilled by gradual increase
in the respiratory surface area of the fish during
their growth. Hence, a quantitative analysis of
the growth patterns of the respiratory organs with
special reference to their role in gaseous exchange
is interesting.

Fish gills are intricate structures and therefore
their dimensions can not be measured directly as
can that of the skin. For gill area measurement
various morphometric techniques have evolved
during the last twenty years (Hughes, 1966; Muir
and Hughes, 1969; Hughes and Morgan 1973;
Hughes, 1984; Hughes and Ojha, 1985). These
gradual modifications in the morphometric tech-
nique were aimed to achieve results with a minimum
error. These techniques were applied for the
measurements of gill surface area in air breathing
(Hughes et al., 1973; Hughes et al., 1974; Munshi
et al., 1980) amphibious (Niva et al., 1981) and
purely water breathing (Muir and Hughes, 1969;
Ojha and Munshi, 1974; Ojha et al., 1985; Oikawa
and Itazawa, 1985) fishes.

The paper aims to present data on the relation-
ship between body weight and respiratory surface
area of the catfish to understand their modus
operandi during growth of the fish.

The gill diffusing capacity

Materials and methods

Live specimens of Mystus vittatus, collected from
the Champanala, a tributary of the river Ganges,
were transported to and maintained in running
water of the glass aquarium (501). Running water
ensured removal of mucus and sediments from the
gills. After 48 h, 12 fish (3-23 g) were examined.

Gill morphometry. Prior to fixation the fishes
were anaesthetized in MS222 (40 mg/1). The four
gills were removed carefully from the left side of
the fish and fixed in separate tubes containing
aquous Bouin’s fluid. The fixed materials were
stored at 4°C in the refrigerator. After 48 h of
fixation every 5th filament along both hemibranchs
of the four gills was used for the measurements of
filament length, secondary lamellar frequency and
bilateral surface area of an average secondary
lamella. Detailed method adopted is similar to
that used by Hughes and Morgan (1973).

Skin morphometry. The entire skin of the
sampled fish was removed carefully and its shape
was traced on mm? graph paper. The data on
the respiratory surfaces (gills and skin) for 12
weight groups of M. vittatus were analysed by
linear-logarithmic transformation using the least-
square regression method. Gill and skin diffus-
ing capacity (Dt) were estimated with the help of
modified Fick-equation (Dt=K-A/t) where, K=
Krogh’s coefficient (0.00015 ml O,/min/um/cm?/
mmHg), A=respiratory area (cm?) and t=
diffusion distance (xm).
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Fig. 1. Plots showing the length of gill filaments at

different points of the anterior and posterior
hemibranchs of the four gill arches (1-4) of
15 g Mystus vittatus.

Results

Gross morphology of the gills. The four pairs of
moderately developed gills of Mystus vittatus are
present in the branchial cavities. Each gill com-
prises two hemibranchs which showed hetero-
geneity in the relative size of gill filaments at
different points along the arches (Fig. 1).

Mean values of the various components of the
four gill arches have been presented in Table 1.
Paired t-tests on the mean values of the various
gill parameters of four arches indicate that except
the total secondary lamellae and total gill area
(P<0.05), the differences in other parameters
among the four arches are non-significant (P>
0.05).

Dimensions of gill parameters in relation to body

weight. Except secondary lamellar frequency, all

other gill parameters tend to increase with increase
in body weight. Regression analyses have been
made of various gill parameters in relation to body
weight for each gill and the values of the intercept
(a), the regression coefficient (b) and correlation
coefficient (r) are summarised in Table 2 and shown
in Figs. 2-10.

The diffusing capacity (ml O,/min/mmHg/kg) for
gills and skin were 0.211 and 0.002 respectively.

Discussion

Regression analyses were made between body
weight and observed gill parameters (filament
number, average filament length, lamellar fre-
quency and lamellar area) to relate the independent
(body weight) and dependent (gill parameters)
variables. Intercept (a) and slope of the regres-
sion line (b) relating body weight and estimated
gill parameters (total filament length, total second-
ary lamellae, total gill area and weight specific
gill area) were estimated by simple mathematical
deductions (Ojha et al., 1985).

A comparative account of the data on total gill
filaments indicates that the values for 100 g of M.
vittatus is about 4 and 2.7 times lower than those
of the same weight groups of active marine
skipjack tuna, Katsuwonus pelamis (Muir and
Hughes, 1969) and the free swimming riverine
carp, Catla catla (Hughes and Ojha, 1985) respec-
tively. However, this value is about 2.7 and 5.5
times greater than the values reported respectively
for the same weight groups of the sluggish marine
toadfish, Opsanus tau (Hughes and Gray, 1972)
and the air breathing climbing perch, Anrabas
testudineus (Hughes and Ojha, 1985). Such
critical review of the data on total gill filaments
suggests an intermediate activity for M. vittatus.
Secondary lamellar frequency is an important gill
parameter which determines the lamellar flow and
total respiratory area. Lamellar frequency on
one side of gill filament is often considered for the
fineness of the gill sieve. Density of secondary
lamellae per mm of a gill filament is directly pro-
portional to the fineness of gill sieve and indirectly
proportional to the lamellar flow. Small physio-
logical spaces between two adjacent lamellae and
slow water flow through them determine the
efficacy of the gills.

Lamellar frequency for a 100 g M. vittatus (44.4)
is lower than the values reported for the active
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Fig. 2. Bilogarithmic graphs showing the relationship between body weight and total filament number.
Fig. 3. Bilogarithmic graphs showing the relationship between body weight and average filament length.
Fig. 4. Bilogarithmic graphs showing the relationship between total filament length and body weight.

marine tuna (83.2) and the Indian riverine carp on the gill filaments is directly proportional to the
(54.22), but higher than those for the sluggish activity of the fish.

toadfish (22.54) and the air breathing climbing Lamellar frequency in M. vittatus decreases by
perch (41.69). From these findings, it can be a power of —0.101 with unit increase in body
concluded that the density of secondary lamellae  weight. Such a quantitative relationship suggests

Table 1. Mean values of the various components of the four gill arches of Mystus vittatus
(14.417 g4+2.158; n=12).

Gill First gill Second gill Third gill Fourth gill
Parameters
Value S.E. Value S.E. Value S.E. Value S.E.

Total gill

fil. no. 239.333 4.212 257.000 5.660 259.000 7.410 252.000 7.817
Av. fil.

length (mm) 3.055 0.229 2.904 0.216 2.731 0.186 2.69%4 0.214
Total fil.

length (mm) 741.107 67.591 761.077 71.597 719.829 64.936 678.166 77.607
Secondary

lam./mm 54.931 1.224 54.979 1.043 55.541 1.119 55.915 1.303

(Both sides)
Total sec.

lam. 39863.893 2892.252 41068.142 3291.238 39240.902 962.436 37887.154 3249.427
Av. bil.

surf, area

of a sec. 0.027 0.002 0.025 0.002 0.024 0.002 0.023 0.002

lam. (mm?)
Total gill

area (mm?) 1130.242 144.371 1074.998  143.084 1004.448  142.148 919.196 116.182

Gill area/g
body weight  85.272 4.720 80.675 4.989 74.010 3.916 68.189 3.457
(mm?)
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Table 2. Intercept (a), slope of the regression line (b) and correlation coefficient (r) to show the relationship between body weight and
various gill parameters of the 4 pairs of gills of Mystus vittatus.

Ist gill arch 2nd gill arch 3rd gill arch
Body weight (W)
Vs Intercept Slope Correl. Intercept Slope Correl. Intercept Slope Correl.
(a) (b) coef. (r) (a) (b) coef. (r) (a) (b) coef. (r)
Total gill fil. (nos.) 194.285 0.083 0.877 195.119 0.109 0.923 185.768 0.131 0.856
Av. fil. length (mm) 1.209 0.359 0.920 1.066 0.388 0.942 1.137 0.341 0.940
Total fil. length (mm) 234.801 0.442 0.929 207.343 0.500 0.950 211.310 0.472 0.956
Secondary lam./mm 70.878 —0.104 —0.893 69.418 —0.095 —0.959 70.742  —0.098 —0.942
Total sec. lam. 16642.172 0.339 0.911 14393.288 0.405 0.926 14948 .238 0.374 0.932
Av. surface of a sec.
lam. (mm?) 0.0089 0.414 0.935 0.0096 0.367 0.905 0.0077 0.442 0.920
Total gill area (mm?) 154.757 0.753 0.971 138.644 0.772 0.946 114.712 0.816 0.959
Gill area/g body wt.
(mm?) 154.757 —0.247 —0.803 138.634  —0.227 —0.652 114.725 —0.184 —0.605
4th gill arch Total gill arches
Body weight (W)
Vs Intercept Slope Correl. Intercept Slope Correl.
(a) (b) coef. (r) (a) (b) coef. (r)
Total gill fil. (nos.) 170.471 0.154 0.871 745.075 0.120 0.917
Av. fil. length (mm) 0.946 0.405 0.950 1.089 0.373 0.951
Total fil. length (mm) 161.243 0.559 0.958 811.353 0.493 0.957
Secondary lam./mm 74.293 —0.115 —0.961 71.152 —0.101 —0.947
Total sec. lam. 11978.709 0.444 0.937 57728.464 0.391 0.937
Av. surface of a sec.
lam. (mm?) 0.0087 0.378 0.884 0.0089 0.399 0.932
Total gill area (mm?) 104.354 0.823 0.969 512.566 0.789 0.970
Gill area/g body wt.
(mm?) 104.359 —0.177 —0.646 512.613 —0.211 —0.734
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Fig. 5. Bilogarithmic graphs showing the relationship between body weight and secondary lamellae per
mm.
. 6. Bilogarithmic graphs showing the relationship between body weight and total secondary lamellae.
g. 7. Bilogarithmic graphs showing the relationship between body weight and average bilateral surface
area of a secondary lamella.
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Fig. 8. Bilogarithmic graphs showing the relationship between body weight and tota Jgill area.
Fig. 9. Bilogarithmic graphs showing the relationship between body weight and gill area/g body weight.

Fig. 10. Bilogarithmic graphs showing the relationship between body weight and skin area.
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that the gill filaments grow at a faster rate than the
number of secondary lamellae added to them.
This is one of the factors responsible for lower
efficacy of the gills of older fishes than those of
young ones.

A critical review of the literature on lamellar
area presents an opposite trend to that of lamellar
frequency. Bilateral surface area of an average
secondary lamella (0.3347 mm?) of the sluggish
toadfish is about 3.5 and 13 times greater than
those reported for active marine tuna (0.0940 mm?)
and the Indian riverine carp (0.0251 mm?) re-
spectively.

The aforesaid findings confirm the previous as-
sumptions that the gill filaments of active and
sluggish fishes are characterized by densely packed
smaller and sparsely distributed larger secondary
lamellae respectively (Hughes, 1966).

With reference to the growth the bilateral surface
area of an average secondary lamella increases
by a power of 0.399.

Total filament length, lamellar frequency and
area contribute to the total gill area. The total
gill area for a 100 g M. vittatus (19,417 mm?) is
about 13 and 1.5 times lower than the values
reported for the active tuna (261,038 mm?) and the
riverine carp (28,536 mm?). Such findings suggest
low level of activity for the catfish under study.

The slope of the regression line relating body
weight and total gill area for M. vittatus (0.789) is
close to an average value (0.82) reported earlier
(Jager and Dekkers, 1975). It is interesting to
note that similar relationship exists between body
weight and O, uptake of fishes (Winberg, 1956).
Review of these data indicates that the gill area in
fishes tend to grow in proportion to their O,
uptake rate.

In M. vittatus the skin also plays an important
part in gaseous exchange. The skin area (10,544
mm?) is about 369, of the total respiratory area
(29,308 mm?) of a 100 g fish. Higher gill area in
this catfish indicates its dominant role in gaseous
exchange.

Respiratory organs act as an interface between
external (water) and internal (blood) respiratory
media. In this context, the diffusion distance
plays an important part in determining the efficacy
of the respiratory structures. It is inversely pro-
portional to the effectiveness of the respiratory
structures. The diffusion distance of the gills
(1.38 um) is about 41 times lower than that for

skin (57.9 pm).

The diffusing capacity of the gills and skin for a
100 g M. vittatus were estimated with the help of
their respiratory area and diffusion distances. The
diffusing capacity (ml O,/min/mmHg/kg) of gills
(0.211) was about 105 times greater than that of
skin (0.002). These findings confirm the do-
minance of gills in aquatic O, uptake for this
catfish.
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