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Abstract 

Résumé 

Emphasis on physiological adaptations to cnvironmental changes in the catfish (Siluroidei), is a rather 
rccent developnient like tliat of their use in aquaculture. Thc siluroid fishes with smooth scaleless skin 
and sensory barbcls are adapted to livc in a variety OS aquatic environments ranging from freshwatcr and 
brackishwater to swamps and marshes both in temperate and tropical regions. However, very little has 
been explorcd on their expectcd wide range of physiological adaptations. Most of the results obtained 
in siluroid fishes are similar to those reported for other teleosts such as cypriniform specics. However, 
there arc sorne air-breathing siluroids, found in the tropical areas, with accessory air-brcathing organs. 
Bcsides tolerating periods of water deprivation, some of these fishcs have been shown to possess special 
physiological and biochcmical adaptive mcchanisrns to toleratc a wide range 01 advcrse physico-chemical 
conditions in the ambient environment. Some of the physiological adaptive mcchanisms of Siluroidci in 
general, and air-brcathing species in particular, to important physico-chemical factors such as oxygen, 
temperature, ammonia and xenobiotics are reviewed and discussed. 

Keywords: Physiological, biochemical, adaptation, environment, Siluroidei, catfish, air-breathing, ammonia 
management, urea cycle, xenobiotics. 

Mécanismes physiologiques adaptatifs des poissons-chats (Siluroidei) aux changements environnementaux. 

L'intérêt porté aux adaptations physiologiques des poissons-chats (Siluroidei) aux changements 
environnementaux est relativement récent et lié à leur aquaculture. Les poissons Siluroidei ont une 
peau dépourvue d'écaille et des barbillons sensoriels; ils sont adaptés à vivre en divers milieux aquatiques 
des eaux douces et eaux saumâtres des marais et marécages, à la fois en régions tempérées et tropicales. 
Cependant, peu d'investigations ont été faites sur l'étendue de leur capacité d'adaptations physiologiques. 
La plupart des résultats obtenus chez les Siluroidei sont similaires à ceux obtenus chez les autres poissons 
téléostéens tels que les Cypriniformes. Cependant, i l  existe des Siluroidei à respiration aérienne, trouvés 
en zones tropicales munis d'organes accessoires de respiration aérienne. Parallèlement à la tolérance 
d'absence temporaire d'eau, il a été montré que quelques uns de ces poissons possédaient des mécanismes 
physiologiques et biochimiques particuliers pour tolérer une large gamme de conditions physico-chimiques ' 

défavorables du milieu ambiant. Certains de ces mécanismes physiologiques adaptatifs, des Siluroidei 
en général et des espèces à respiration aérienne en particulier, comme ceux liés aux facteurs physico- 
chimiques, tels que l'oxygène, la température, l'ammoniaque et aux facteurs xénobiotiques, sont passés 
en revue et discutés. 

Mots-clés : Physiologie, biochimie, adaptations, conditions de milieu, Siluroidei, poissons-chats, respiration 
aérienne, thcrmorégulation, cycle de l'urée. 
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INTRODUCTION 

Most of the freshwatcr teleost species, which 
are economically important for human consumption, 
belong to two major groups, Cypriniformes and 
Siluroidei. The siluroid fishes with smooth scaleless 
skin and sensory barbels are adaptcd to a variety of 
ecological niches, ranging from freshwater and brack- 
iahwater to swamps and marshes, both in ternperate 
and tropical rcgions. As such, lhcy are expected to 
exhibit a wide range of physiological mechanisms 
adapted to diverse cnvironmental conditions. However, 
very little has been explored on this important topic 
relatcd to physiological adaptations. Most of the earlier 
studies on telcost physiology havc bcen carried out 
mainly on carp, cod, trout, cobitid, herring, ccls, 
Ilounder etc. Only a few siluroids havc been used 
as models for physiological studies aimed at exploring 
molecular adaptive mechanisms for survival in the 
dynamic environmcnt. 

The catfish of the genera Ictaluru.s, Clarias, 
Silurus, Plecostomus, Heteropneustes, Mystus, Herero- 
hranchus, Pangasius, etc. are the comnlon examples of 
Siluroidei used in aquaculture. Although the American 
channel cattish, Ictalurus, has been extensively 
studied. tlic rcports on most of its adaptive features 
are similar to typical freshwater teleosts. However, in 
most tropical areas, there are a few siluroid genera such 
as cl aria.^, Hetcropneustes, Pungusius, Hoplosternum, 
Heterohrunchus possessing air-breathing potential. 
Sorne of them have inany other physiological 
characteristics conipensating for wide fluctuations in 
their environmental parameters. Several reviews (Hoar 
and Randall, 1969- 1979, Hochachka and Somero, 
1984, Prosser, 1991, Evans, 1993) have presentcd data 
on typical freshwater teleocts. Only one book (Munshi 
and Hughes, 1992) presents some facts about the air- 
breathing freshwater teleosts of India including catfish 
spccies. 

Therefore, while presenting a general overview 
on the physiological adaptations in Siluroidei, 
special physiological adaptive mechanisms of the 
air-breathing siluroid fishes concerning particularly 
respiration, thermorcgulation, ammonia management 
and xenobiotics have been highlighted. 

Respiratory adaptations 

Adequate supply of oxygen from the aquatic 
environment is essential for the survival of fish. 
Most of the fishes including siluroids use the gills to 
extract oxygen from water by diffusion. A minimum 
concentration of dissolved oxygen (DO) in water 
is, therefore, essential for survival, growth and 
reproduction of different species of fish. Various 
branchial adaptations have been reported in fish to 
low (hypoxic) and high (hyperoxic) DO levels in 
water (Hochachka and Somero, 1984, Prosser, 1991). 
AI1 these gill-breathing adaptations in Siluroidei have 

been similar to those in other gill-breathing teleosts. 
However, home predominantly tropical siluroid species 
having varied air-breathing potential (Das, 1927, 
Lagler et al., 1977, Munshi and Hughes, 1992) are 
capable of living in oxygen depleted water and for 
short durations out of water, or tolerate temporary 
water deprivation. 

Air-breathing adaptations 

Different types of special air-brcathing organs havc 
been rcported in freshwatcr air-breathing telcosts. The 
accessory respiratory organs are modifications. both 
structural and functional, of cither branchial chanibcr, 
swim bladder or alimentary canal. The surface of 
these orgam is higlily vasculari~ed, folded and thc 
blood supply modified to extract sufticient oxygen 
from engulfed air. These fishes havc usually lesser 
developed gills and need access to air while living 
in water for engulfing air for respiration (Munshi and 
Hughes, 1992). 

The suprabranchial chambers in Clariidae are 
enlarged into two diverticula opening between second 
and third gill arches (Munshi, 1961). The divcrticula 
contain bush-like extensions on cartilaginous supports 
called arborescent organs. They originate from II and 
IV gill arches. The walls arc highly vasculari~ed 
with blood supply from al1 four branchial artcries. In 
Eleteroptzeu.rte.s, the suprabranchial chambers extend 
laterally backwards in the form of long sacs, one on 
each side, embedded in the myotomes in the trunk 
region. These sacs open into the gill cavity between 
the second and third gill arches, and the blood is 
supplied from the fifth branchial artery. The respiratory 
mucosa on the inner walls of the air-sacs is thrown 
into folds and ridges for increasing the surface area 
for gas exchange (Munshi, 1962). 

The middle and posterior portion of the intestine 
serves for aerial respiration in Hoplosternum besides 
serving the usual function of digestion. Oxygen is 
extractcd from the air, taken into the digestive tract by 
the intestinal mucosa vascularized with blood supplied 
from the dorsal aorta. The purified blood is collected 
by the inter-renal vein (Lagler et al., 1977, Munshi 
and Hughes, 1992). In another siluroid fish, Puagasius, 
the swim bladder with highly vascularized inner wall 
serves a major role in aerial respiration (Browman and 
Kramer, 1985, Thakur et al., 1987). 

Large interspecies variations in aquatic and aerial 
respiration under different environmental conditions 
have been reported in various air-breathing teleosts 
including the two species of freshwater air-breathing 
siluroid, Clarias batruchus and Heteropneustes fossilis 
(Hughes and Singh, 1971, Singh and Hughes, 1971). 
The air-breathing fishes thus have the capability to 
use both gills and air-breathing organs for oxygen 
uptake while the elimination of carbon dioxide occurs 
primarily by the gills and skin. The air-breathing 
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organs werc found to be inefficient for removal of 
carbon dioxide from the body. 

Seasonal thermal adaptations 

Temperature is by far the most pervasive of al1 
environmental stresses disturbing the maintenance 
of homeostasis in a living systern. The effects of 
temperature on the physiological and biochemical 
parameters have been enumcrated by Hochachka 
and Somcro (1984). Poikilotherms, for example 
fish, conform their interna1 temperaturc to the 
environmental temperature. However, a numbcr of 
poikilotherms including fishes arc known to be 
eurythermal and are capable of being tolcrant to 
wide fluctuations of ambient tcmperature. Regulatory 
compensation against the effects of environmental 
thermal alterations, known as thermal "acclimation", is 
an established fact in a host of poikilotherms (Precht 
et al., 1973; Hazel and Prosser, 1974; Das, 1984). 
This has been demonstratcd with referencc to a wide 
array of physiological functions in several fishes under 
laboratory conditions (Hazel and Prosscr, 1974; Love, 
1980; Hochachka and Somcro, 1984, Prosser, 1991). 
Physiological adaptations to variations of a multitude 
of environmental parameters including temperaturc 
occur during seasonal changcs in an annual cycle, and 
has oftcn been termed as seasonal "accclimatization". 
Even though seasonal acclimatization to temperaturc 
has been demonstrated in a fcw species of tcleostean 
fish (Das, 1984), Siluroidei seem to have attracted little 
attention. Only a limitcd number of siluroid specics 
have been studied. 

Seasonal adaptation of respiration 

Bimodal respiratory rates (aquatic and aerial) 
in young and adult air-breathing catfish (Clarias 
butruchus and Heteropneustes ,fossilis), inhabiting 
Indian swamps, during winter (20-21°C) and summer 
(30-32°C) months, measured at ambient temperatures 
(Munshi et al., 1982, Patra et al., 1983) revealed an 
age-dependent switching from aquatic to aerial mode 
of oxygen consumption. In the case of Clarias, the 
larger (older) fish remained more aquatic but the 
smaller (younger) ones became more aerial in summer. 
In winter, the aquatic respiration exceeded the aerial 
mode, irrespective of size (age) of Clarius. The 
smaller (younger) Heteropneustes exhibited almost 
equal proportions of aquatic and aerial respiration, 
while the larger (older) specimens exhibited more 
dependency on the aerial mode even during colder 
winter months. With the approach of the warmer 
summer months, the aerial oxygen consumption by 
H. fossilis exceeded the aquatic mode in both younger 
and older fishes. The significance of the results 
obtained can only be ascertained after the respiratory 
rates (aerial and aquatic) were determined in the two 

seasons not only at ambiant temperatures, but also at 
one or more (2-3) constant temperatures. 

Seasonal adaptation of enzyme activities 

The season-specific physiological and metabolic 
changes need not always be compensatory, i.e. 
directed primarily towards overcoming the effccts 
of environmental changes (Hochachka and Somero, 
1976). Instead, metabolic reorganization induccd by 
alterations of environmental parametcrs may be uscful 
for a specific biological goal (suh as gametogenesis 
and reproduction in a seasonal breeder or migration 
in a migratory fish). 

Although scasonal changes in the activities of 
several enzymes and in the rate of protein synthesis 
have been documented in some teleosts (Marquez, 
1976, Fauconneau, 1985, Manda1 and Das, 1991), so 
far, there are few reports on seasonal changes affccting 
the enzyme pattern and protein metabolism in catfish. 
After the classic demonstration of the influence of 
seasons on the activity of selectcd enzymes in the 
channel catfish, Ictulurus punchlus (McCorkle et al., 
1979), Tripathi and Shukla (199 1) have dcscribed the 
seasonal effects on malate and lactate deshydrogcnases 
in liver and skeletal muscle of freshwater air- 
breathing catfish, Clarias batruchus (fiK. 1 and 2). 

Figure 1. - Seasonal variation in the activity of cytoplasmic inalate 
dehydrogenase (cMDH) in the liver (* - - - *, male; A - - - A, 

female) and the skeletal muscle ( O  - - - O, male: A - - - A, 
female) of thc freshwater catfish, Clarius batrarhus (after Tnpathy 
and Shukla, 1991). 
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150-  cycle. However, the plausibility of a compensatory 
augmentation of these enzymatic activities in response 
to a decrcase in temperature in winter needs to be 
verified experimentally. 

90 

60 
Homeoviscous adaptation of membrane lipid 

Figure 2. - Seaiunal variation in the activity of lactate dehydrogcnaie 
(LDH) in the liver (0 - - - 0, male: A - - - A, female) and the 
skeletal muicle (0 - - - 0, male: A - - - A, female) of the 
freihwater cathsh, Clarius burrccchuî (after Tripathy and Shukla, 
1991). 

The authors have tried to correlate the higher levels of 
hepatic cytoplasmic malate dehydrogenase (c-MDH) 
and lactate dehydrogenase (LDH) activities observed 
during the winter months (November-February) with 
the restoration of metabolic activities during the 
post-spawning and resting phase of the breeding 

The poikilothermic organisms including fish exploit 
diversity in lipid structure to organize the molecular 
architecture of phospholipid membranes to the 
prevalent ambient temperature in such a manner that 
they become more fluid in the cold-acclimatcd (or 
winter acclimated) state and less fluid (more rigid) 
in a warm-acclimated (or summer-acclimated) state. 
This compensatory adaptation of phase transition in 
membrane lipid has bcen described as "homeoviscous 
adaptation" (Cossins and Bowler, 1987, Cossins, 
1994). This is achieved by the restructuring of 
phospholipid classes, coupled with modification of 
the extent of unsaturation of fatty acid chains. Such 
an alteration is naturally expected to be reflected in 
a change in micro-viscosity of phospholipid vesicles 
prepared from membranes. Investigations on this topic 
have been carried out in a large number of arctic, 
temperate and tropical (marine as well as freshwater) 
teleosts. However, in this respect, little attention has 
been paid to the siluroids, both aquatic as well 
as air-breathing. The air-breathing catfish, Clurius 
priepinus, as - a  representative example of warm- 
adaptcd freshwater fish (WAFF), has been compared 
with several other cold-adapted freshwater fishes 
(CAFF), with respect to average fatty acid composition 
(mol 9%) of total phospholipid in the liver (fig. 3). 
The differences in the fatty acid composition of total 
phospholipid in the liver of the two categories of 
fish adapted (genetically) to contrasting temperatures 

Figure 3. - Average hepatic fatty acid composition (mol 70) of total phoîpholipids from cold adaptcd marine fishes (CAMP) (open bars: r L  = 8). 
warm adapted marine fishes (WAMF) (hatched bars: 71 = !)), cold adaptcd freshwater fishes (CAFF) (stippled bars: n = 4), and warm adaptcd 
freshwater fishes (WAFF) (cross-hatched bars: 71 = 4). Only the major fatty acids are shown (after Dey et al. 1993 u).  
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(Dey et ul., 1993 a )  rcsemble those cxhibited during 
seasonal acclimatization of scveral other freshwater 
teleosts (Dutta et ul., 1985). Thc results obtained 
from studies on erythrocytcs by Dey et ul. (1993 b) 
indicate that fish can increase not only the number 
of conical phospholipid molecules (likc phosphatidyl 
ethanolamine) in contrast to the more cylindrical 
ones (like phosphatidyl choline), but also the degree 
of conicity of the existing conical molecules (by 
substitution of 16:O by 18:l in the sn-1 position) 
during cold adaptation. 

Temperature mediated changes in immunity 

It was demonstrated by an assessment of lymphocyte 
B and T ce11 functions in the American channcl 
catfish, Ictalurus, under laboratory conditions, that 
the immune cornpetence of a teleost depends on 
the environmental temperature. When the fish was 
subjected to a diminution of water temperature from 
23 to 1 1°C over a period of 24 h, mimicking the 
winter conditions, in vitro responses of B and T 
cells measured for 3 to 5 weeks were found to be 
suppressed significantly. However, the compositions 
of lymphocytes and neutrophils, as well the blood 
serum chemistry, did not change in a manner 
which is typical of stress-induced response (Bly 
and Clem, 1991). The authors concluded from the 
observations that the channel catfish are probably 
immuno-compromised during winter months and 
consequently the syndrome, termed "winter kili", may 
be attributable partly to a low temperature-induced 
immuno-deficient state of the fish. In view of the 
homeoviscous adaptation occurring in lymphocyte and 
erythrocyte membranes in several teleosts in response 
to environmental thermal fluctuations (Abbruzzini 
et al., 1982, Dey et al., 1993 b), immuno-suppression 
of lymphocyte function in the channel catfish induced 
by low temperature is intriguing and needs to 
be probed further through suitable experimental 
strategies. Ainsworth et al. (1991) observed a decline 
in the number of lymphocytes but not in the number of 
neutrophils due to a diminution of ambient temperature 
to 10°C (but not 18°C). Although phagocytosis in 
channel catfish is found to be temperature mediated, 
the phagocytic neutrophils appear to be more resistant 
to low temperature than the lymphocytes, which 
implies greater importance of phagocytosis than 
chemical immunity in the defence mechanisms of 
channel catfish at low temperature. Dexiang and 
Ainsworth (1991) have further demonstrated that 
the anterior kidney phagocytes from channel catfish 
remained partially functional at low temperature 
(lO°C), when their bactenophagic ability was 
tested with respect to Aeromonus hydrophila and 
Edwardsiella ictaluri. However, an improvement in 
their respiratory burst activity occurred on adaptation 
to low temperature within five weeks, implying a 
compensatory improvement of their bacterial killing 

ability. Thus in channel catfish phagocytosis may 
play a signifiant role in prevcnting disease at low 
tempcrature. 

Nitrogen excretion and ammonia management 

Ammonia is a major nitrogenous metabolic waste 
produccd continuously in the animals. It becomes 
highly toxic if allowed to accumulate in vivo even 
to a very low concentration. It is cither excreted out 
or convcrted in vivo to some less toxic compounds 
such as urea, uric acid andfor some amino acids. 
Marine elasmobranchs and aquatic amphibians are 
capable of converting ammonia to urea via ornithine- 
urea (O-u) cycle present in their liver (Cohen, 1976). 
The former retain the urea for osmo-regulation while 
the latter excrete urea particularly during its terrestrial 
life. Most freshwater teleosts lacked a complete and 
functional O-u cycle and were incapable of effective 
ureogenesis from ammonia (Brown and Cohen, 1960, 
Huggins et ul., 1969, Wilson, 1973). Metabolically 
produced ammonia is, therefore, excreted to the 
ambient aquatic medium by diffusion through the gills 
in freshwater teleosts (Forster and Goldstein, 1969). 
Ammonia is also becoming a major pollutant in the 
freshwater systems affecting the survival, growth and 
reproduction of fish (Alabaster and Lloyd, 1980). 

Two siluroid species of freshwater air-breathing 
teleosts, H. fossilis and C. batrachus, which are 
primarily ammoniotelic in their aquatic habitat (Saha 
et al., 1988), have a complete O-u cycle in their 
liver and kidney (Saha and Ratha, 1987, 1989). 
The activity of al1 the enzymes was very high 
and comparable to ureo-osmotic elasrnobranchs, and 
ureotelic amphibians and mammals. These two air- 
breathing fishes are benthic species living in shallow 
or sewage-fed water bodies where ammonia level 
is generally high (Jhingran, 1982). They tolerate 
water deprivation for 60-70 h (Saha and Ratha, 
1989). During this period ammonia excretion was not 
possible and it accumulated in vivo (Saha and Ratha, 
unpubl. data). Studies on H. fossilis showed very 
high tolerance for ammonia in the ambient medium 
(75 mM ammonium chloride) and in tissues (up to 
4.7 mM in plasma and 40 mol.kg-' in kidney) (Saha 
and Ratha, 1994 b). Ammoniotelic H. fossilis became 
ureotelic with induction of the activity of the enzymes 
of O-u cycle in its liver and kidney when exposed 
for four weeks to higher concentrations of ambient 
ammonium chloride (fig. 4) (Saha et al., 1988, Saha 
and Ratha, 1994 b). Excretion of ammonia and urea 
decreased, accumulation in vivo of ammonia increased 
and the activity of the enzymes of O-u cycle induced 
dunng the first week, is followed by accumulation 
and enhanced excretion of urea which reached an 
apparent constant level by the end of second week 
of exposure to ammonium chloride (Saha and Ratha, 
1986, 1994 b). Using a perfused liver system in 
Heteropneustes fossilis, it has been reported that an 
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Figure 4. - Alteration in the concentration of ammonia and urea 
(I~mnlcs.g-' wet wt.), and percent change in the activity of the 
en7ymes of o-u cycle in the liver and kidney of Hrrrrol~neu.rrr.sj~.s.silic 
cxpo\ed to 50 rnM ammonium chloride for 2X days (CPS: carbamoyl 
pho\phate synthetaic, OTC: ornithinc carhamoyltran\fera\c, ASS: 
arginino\uccinate syntheta\e 5ystern. ARS: argina\e), after Saha and 
Ratha, 1994). 

increase in ammonia load hy 3-5 pmo1.g ' wet weight 
from the physiological level was sufficient to initiate 
and cause maximum induction of the activity of most 
of the urca cycle enzymes (Saha et al., 1995). 

Exposiire of Clarias batrachu.~ to 34 mg.l-' 
(2: 1 mM) of ammonia (NH40H) suppresscd its total 
nitrogcn (ammonia-N and Urea-N) excretion within 
scven days which was restored within the next week 
(Das, unpubl. data). The lcvel of urea-N cxcretion 
incrcascd by 30% over the control value only aftcr 
three weeks of arrlmonia stress. SimiIar urcotelic 
transition was also obscrved in H. fossilis when the 
ammonia level in vivo increased during conditions 
of water deprivation (Saha, 1986). Like marine 
elasmobranchs, H. jb.~i?ssili.r also showed ureo-osmotic 
adaptation when exposed to 250 mosm. mannitol in 
the ambient medium (Saha and Ratha, 1994 a). 

Mukhopadhyaya and Dehadrai (1987) indicated 
the possibility of non-protein nitrogen (NPN) from 
urea, as a componcnt of supplemcntary diet, being 
converted into protein (organic) nitrogen in the tissues 
of H. fo.r.si1i.s. Mass spcctrophotometric analysis of 
livcr proteins of H. fo.rsilis fcd with 1" Nabclled 
urea (3% of weight of food) indicated that synthesis 
of livcr proteins from preformed amino acids might 

occur from dietary urea. Enzymatic conversion 
of ammvnia to amino acids such as glutamate 
(by glutamate dehydrogenase) and glutamine (by 
glutamine synthetase) occurs in most vertebratc 
tissues for immediate detoxification and transport of 
ammonia from diffcrent tissues to liver and kidney 
for ureogenesis, and to gills for excretion. The 
en~yme  profiles related to glutamate and glutamine 
metabolism studicd in different tissues of H. fossilis 
suggest synthesis of glutamate and glutamine as 
a strategy for detoxification (maybc utilization) of 
accuinulated ammonia in vivo (Chakravorty cf ul., 
1989, Chakravorty, 1990, Das, 199 1 ,  Das et al., 199 1). 
Sub-cellular distribution of glutamine synthctase 
(Chakravorty et al., 1989) and the enzymes of o-u 
cycle (Dkhar et al., 1991) showed hiochemical featurc 
of H.  oss si lis to be different from those already known 
for freshwater teleosts includjng other siluroid species. 

The tolerance of Heteropneustesfi.s.si1i.s and Clarias 
butruclzu.~ to highcr ammonia, osmolarity and water- 
deprived ambient medium, and some of the special 
metabolic features (tcihle 1) reportcd indicate their 
suitability in commercial aquaculture in swamps and 
marshes, and in derelict water bodies. However, 
more studies on various physiological and biochemical 
adaptive mechanisms must be conducted in freshwater 
air-breathing teleosts to develop suitable protocols for 
their effective use in waste water aquaculture. 

Tahle 1. - Sornc hiochemical feature5 Sound in the liver and kidney 
of a freshwatcr air-hrrathing teleo\t, HPtero l~~ i rur i e s f i~r~ i l i r  which are 
different from those of purely aquatic \pecies. 

Fi\h o-u cycle 

Purely aquatic Incornpletel 
freshwatcr physiologically 
teleo\ts nonfluctional 

Air-hreathing Complete and 
freshwatcr physiologically 
tcleost regulated 
( H ,  j~nssili~) 

Glutamine Argiria\e 
synthetase activity 
activity 

Cytopla\rnic Complctely 
cytopla\rriic 

Mitochondrial Both 
cytoplasrriic & 
niitochondrial 

Xenobiotic stress and adaptation 

Intensive and extensive industrial and agricultural 
activities have on the one hand improved the 
quality of human life, on the other created the 
problem of environmental pollution. To understand 
the impact of these pollutants on target and non-targct 
organisms, and to discovcr methods of alleviating these 
problems, research in the area of eco-toxicology or 
xenobiotic strcss physiology has been reinforced in 
the reccnt past. The literature concerning the effects of 
diverse xenobiotic stresses on aquaculture organisms 
(primarily fish) and the basic information regarding 
their adaptive mechanisms (stress avoidance and stress 
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tolerance) is too voluminous to be synthesized within 
this revicw. Hence, a brief summary on a few 
wcll studied adaptive responses in siluroid fishes is 
presented with emphasis on air-breathing species. 

Smooth scale-less skin, besides the gills o f  siluroid 
fish provides a large surface area for the chemical 
pollutants in the aquatic medium to interact before 
entering the body. The epidermal layer of their skin 
and gills contains a large number of goblet cells 
which secrete mucus rich in mucopolysaccharides to 
keep thc skin moist and clean. The mucus probably 
creates a barrier between the fish and the toxin in the 
medium. Enhanced activity of the mucous cells have 
been reported in Clurias batruchus and Heteropneustes 
fossilis exposed to various concentrations of detergents 
(Garg and Mittal, 1993), hcavy metal ions, ammonia 
and pesticides (see review by Banerjee, 1993), 
suggesting that mucus at least to some extent prevents 
entry of toxicants into the fishes. 

Xenobiotics such as organophosphate and 
organochlorine pesticides, heavy metals, industrial 
chcmicals etc. accumulate in various tissues of 
fish during its chronic exposure, even at sublcthal 
concentrations. They clicit responses in blood 
parameters, tissues respiration and metabolism, neuro- 
transmission and membrane transport, reproductive 
activities etc. Decrease in the number of erythrocytes, 
Icukocytes and platelets, decrease in serum protein 
and amino acid concentration, and increase in blood 
glucose level have been rcported during cxposure to a 
varicty of toxicants (Das et ul., 1980, Mukhopadhyaya 
and Dchadrai, 1980, Sastry and Subhadra, 1982, 
Mishra and Srivastava, 1983, Srivastava and Mishra, 
1987). Stress-induced release of catecholamines has 
been suggested to be the controlling factor for these 
effects (Nakano and Tamlinson, 1967). Decrease 
in tissue glycogen level, aerobic and anaerobic 
respiration, activity of energy releasing enzymes 
such as malate dehydrogenase (MDH) and lactate 
dehydrogenase (LDH) (Tripathy and Shukla, 1990), 
or electron transport chain activity have been reported 
due to the formation of metal-enzyme complexes 
(Shaffi, 1993). The impairment of the activity of some 
hydrolyzing enzymes and cholinesterase affecting 
neuro-transmission have been reported (Mukherjee 
and Bhattacharya, 1974, 1975) during xenobiotic 
stress. Reproductive dysfunction due to inhibition 
in steroidogenesis (Haider and Upadhyaya, 1985, 
Singh and Singh, 1987, Chakravorty et al., 1992), 
thyroid activity (Sinha et al., 1991) and vitellogenesis 
(Chakravorty et al., 1992) have been reported in 
Clarias batruchus and Heteropneustes fossilis exposed 
to sub-lethal concentrations of pesticides and industrial 
effluents. Most of these effects have been found to be 
reversible, requiring different time periods after the 
removal of the xenobiotic stress. 

Most of the pesticides and synthetic industrial 
chemicals are poorly biodegradable. Their pharmaco- 
kinetics, tissue distribution, metabolism and clearance 
have been studied in channel catfish, Icralurus 

punctutus using radio-labelled (I4C) chemicals. More 
than 90% of the chemicals studied such as benzoic 
acid, afl atoxin, 1 -naphth01 and phenol red (Plakas 
and James, 1990, Plakas et al., 1991, 1992, Stenly 
and Plakas, 1992), and a herbicide, propanil (Schlenk 
and Moore, 1993) remained unmetabolized. They 
were removed from the fish primarily by renal and 
biliary excretion. However, their tissue distribution, 
elimination half-life and total body clearance were 
different. The role of hepatic and extra-hepatic 
cytochrome P-450 in detoxification of xenobiotics in 
teleosts is relatively less known, particularly in siluroid 
species, although they have been reported in a marine 
fish, Stenotomus chrysops (Smolowitz et al., 1991). 

CONCLUSION 

Spatial and temporal distribution of various species 
during evolution occurred on the basis of their ability 
to adapt to the ambient environmental conditions. 
Deviation of the conditions beyond certain limits afects 
successful growth, development and breeding, even 
complete elimination of species in extreme conditions. 
Thercfore, it is essential to idcntify the tolerance 
limits and understand the adaptational mechanisms 
of commercially important siluroid species for their 
use in profitable aquaculture. In the past, research 
has been focused mainly on reproduction (breeding) 
and nutrition (feeding) for the enhancement of 
the production and growth of the fish. However, 
physiological adaptations to various environmental 
factors have now been recognized as very important 
for optimal growth. 

Some of the unique physiological adaptations of 
two air-breathing siluroid species were highlighted to 
emphasize their potential in developing aquaculture in 
derelict water bodies and swamps where traditional 
aquaculture is not possible. However, experimental 
studies remain to be carried out for the development of 
appropriate culture methods, suitable for those fishes 
and specific derelict systems. 
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