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ABSTRACT 

Acute and chronic toxicity tests for malathion, diazinon, and sherpa and 

for Cu, Hg, Pb, Zn, Ni, and Fe were conducted. Mortalities and LC50-96 hr 

values for Bari/ius vagra and Cyprinus carpio exposed to pesticides were 

variable. Long-term exposure to pesticides modified morphology and behaviour. 

The LC50-96 hr values for Cu, Hg, Pb, Zn, Ni, and Fe were low for small fish. 

Selected metal residues were significantly greater in whole juvenile carp 

following exposure to sublethal concentrations. Water samples from selected 

industrial drainages and receiving streams showed abnormal pH and oxygen 

levels. Selected metals (Fe, Pb, Zn, Cd, Cu, Ni, Hg) were higher in all effluents. 

Static bioassays of the undiluted industrial effluents from three sites caused 

100% mortality in carp during the first 24 hrs and some mortality when 

effluents were diluted by 50%. 

A mesh size vulnerability model using the girth retention function for 

the Mangla Lal<e Fishery was developed. The impact of variable mesh size on fish 

harvest was evaluated. Probability of encountering the net was proportional to 

the distance travelled by fish, and a corrected size distribution improved the use 

of the model. Harvest of a surplus of large fish could be achieved by: 1) 

increasing the number of commercial nets in the 65-105 mm mesh size and 2) 

using a broader range of mesh sizes. Controlling fishing intensity and mesh size 

regulation over time would provide feedback for subsequent management 
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decisions. Dynamic changes in the population, permissible harvest, number of 

fingerlings stocked and maintenance of year classes would allow the development 

of a better management model. 

Three supplementary feeds from inexpensive ingredients were developed 

and their relative ability to increase the growth of three indigenous carp (Cat/a 

cat/a, Labeo rohita, and Cirrhinus mrigala) and two exotic carp (Cyprinus carpio 

and Hypophthalmichthys molitrix) were compared. The growth of indigenous 

carp was Iowan all three feeds. All species of fish grew best on feed three. 

Information is needed on the ecological niches and nutrient requirements of the 

native carps. 
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CHAPTER I 

PROTECTING EXISTING FISHERIES: 

PESTICIDES, HEAVV METALS AND PHVSICOCHEM~CAL 

CHARACTERIZATION OF INDUSTRIAL EFFLUENTS AND THEIR EFFECT 

ON FISH SURVIVAL 

INTRODUCTION 

Pollution of aquatic environments by toxic substances is a cause of 

growing concern throughout the world, but especially in developing nations. The 

immediate concern is human health and welfare, but the effects of pollution on 

aquatic organisms has ecosystem wide consequences. There have been several 

studies of the affects of pollution on fish and water quality in the Indo-Pakistan 

sub-continent (Bhatti 1950; Banerjee et al. 1956; Banerjee and Motwani 

1960). The two major sources of pollutants which endanger water quality on 

this subcontinent are agricultural and industrial effluents. In Pakistan, 

organophosphate, organochlorine, carbamate and pyrethroid pesticides are used 

in agriculture/horticulture. Also there are intense efforts to stimulate 

industrial and technological development. In this subcontinent, it is imperative 

that we understand the benefits and losses from agricultural and industrial 

development. The stability and environmental persistence of organochlorine 

pesticides (e.g., DDT, dieldrin) have stimulated increasing use of 
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organophosphate pesticides in agriculture in Pakistan as well as in the rest of the 

world (Mount and Stephan 1967; Johnson 1968; Melnilov 1971). Malathion 

and diazinon are the two most widely used organophosphate pesticides in Pakistan. 

Malathion (O,O-dimethyl S-(1,2-dicarbethoxyethyl) phosphorodithioate) and 

diazinon (O,O-diethyl O-(2-isopropyl-6-methyl-4-pryimidinyl) 

phosphorothioate, have moderate to high chemical stability (Ridgway et al. 

1978). They are contact poisons that are used as foliage sprays to control soft

bodied insects such as cabbage root fly, Pleiris rapae. The primary target of 

these pesticides is the enzyme acetylcholinesterase which normally destroys the 

neurotransmitter acetylcholine at synaptic junctions. A synthetic pyrethroid 

insecticide, sherpa (cyano-3-phenoxy benzylcis, trans-3 (2,2 dichlorovinyl) 

2,2-dimethyl cyclopropanecarboxylate), (C22 H19 CI2 03 N), with general 

features of cypermethrin, has also been used in Pakistan. This pesticide is also a 

contact poison which is espeCially active against lepidopteran larvae, Coleoptera 

and sap-feeding insects. It is a non-specific insecticide which also has effects on 

predatory and beneficial insects (e.g., honey bee, Apis sp.). Only a few studies 

have been conducted in Pakistan to test the toxic effects of malathion, diazinon and 

other organophosphate pesticides on fish (Javaid and Waiz 1972; Lone and Javaid 

1976; Shakoori et al. 1976). No work has been done on the effects of sherpa on 

fish. These pesticides regularly enter aquatic environments in amounts 

considered to be safe for human health but perhaps hazardous to fish and other 

aquatic organisms. However, the absence of data verifying the impacts of these 

chemicals on fish, make it imperative that there be experimental work testing 

their effects on fish survival. 
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There is an immense amount of information available on the impact of 

industrial wastes on fish and aquatic life in technologically advanced countries. 

Heavy metals have been recognized as being especially detrimental to fish 

survival and to the quality of fish for human consumption (Alabaster and Lloyd 

1980; Suzuki et al. 1988). The cumulative effects of metal pollution on fish and 

biomagnification have received special focus (Windom et a!. 1973; Anderson and 

Webir 1976; Labat et a!. 1977; Villarreal-Frevino et al. 1986). Particular 

attention has been given to the action of such metals as CU, Zn, Hg, Pb, Ni, and Cd 

(Sprague 1964; Mount 1968; Mount and Stephan 1969; Mckim and Benoit 

1970; Burton et a!. 1972; Mckim 1977; Robertson et a!. 1975; Chakoumakos et 

a!. 1979; McFarlane and Franzin 1980; Wong and Kwan 1981). 

One of the major sources of heavy metal concentration is industrial 

effluents. Heavy metal concentrations in industrial effluents depend on the 

efficiency of removal processes. Removal processes may vary considerably from 

site to site (Miner et al. 1981; Mumma et al. 1984) and over time if the 

character of the industrial base changes, or if the plant institutes wastewater 

pretreatment programs (Koch et al. 1982). 

Studies of water pollution have included, experimental toxicological 

investigations, surveys to determine and monitor status of pollution in water 

systems and studies on the uptake and accumulation of toxicant residues in fish 

tissues. Laboratory studies of acute and chronic toxicity have received much 

attention. The general principles and methods of toxicity studies have been 

extensively and critically reviewed by Sprague (1969). The most commonly used 

measure of acute toxicity has been median lethal concentration (LC50, TLM50) 
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over a 96-hr period. Chronic or long term toxicity tests covering a longer period 

(30 days or more) have been more rare. 

The objectives of the experiment reported in this chapter were to: 1) 

determine the effects of three pesticides (malathion, diazinon, and sherpa) and 

selected heavy metals on fish survival, 2) survey selected waters in and around 

Islamabad to determine the extent and characteristics of industrial pollution, 3) 

evaluate the effects of industrial effluents on fish survival, and 4) investigate the 

extent of bioaccumulation of metals in fish. 
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MATERIALS AND METHODS 

I had initially planned to use several species of carp (juveniles of Labeo 

rohita, Cirrhinus mrigala, and Tor putitora) that had either been collected from 

the wild or obtained from fish hatcheries for experimental work. However, I 

could not obtain a dependable supply of specimens and the young of these species 

could not tolerate the power interruptions (twice daily) that disrupted the air 

supply to the laboratory. Juveniles of common carp (Cyprinus carpio) and adults 

of chilwa (Barilius vagra) could be procured as needed and could also survive the 

brief interruptions in the air supply. Therefore, these two species were selected 

for the experimental work. Juveniles of common carp were obtained from the 

Fish Seed Hatchery and adult Bari/ius vagra were collected from local streams. 

Acute toxicity tests were based on mortalities of fish exposed to known 

concentrations of selected pesticides and heavy metals over a period of 96 hr. 

Observations were continued for longer periods if fish survived. The test 

conditions included: 1) acclimation of fish to laboratory tanks (38 liters glass 

aquaria and em indoor cement tank), 2) transfer of at least 10 fish to individual 

aquaria (3 liters unless otherwise specified) containing the toxicant, 3) transfer 

of same number of control fish to toxicant free aquaria (3 liters unless otherwise 

specified), 4) continuous aeration of stock and experimental tanks, and 5) daily 

or bidaily replenishment of the toxicant and water in the test tanks. All fish not 

undergoing experiments were fed a daily ration of trout chow pellets of 

appropriate size, or a locally prepared mixture of egg YOlk, white flour, semolina 

and aquarium fish food. Fish subjected to acute toxicity tests (96 hr) and the 
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control fish were not fed during the experimental period. Fish mortalities were 

recorded daily and the median lethal concentration for the test substances 

determined (LC50-96hr = TLm 50-9Shr). The LC50 determinations were based 

on adjusted probit method (sigmoid-shaped function, parametric method) (see 

Gelber et al. 1985) and trimmed Spearman-Karber method ( a nonparametric 

method) (see Hamilton et al. 19n). 

Pesticides 

For acute toxicity tests, three pesticides were selected, namely 57% 

malathion (organophosphate pesticide), 35% diazinon (organophosphate 

pesticide), and 5% sherpa (a pyrethroid compound). The two organophosphates 

were gifts from an agro-chemical Company and the sherpa was a gift from May 

and Baker, Pakistan Ltd. Appropriate concentrations of the pesticides (Tables 1 

to 6) were established by dilution with water. The pesticides were thoroughly 

mixed in the test chamber before fish were transfered into them. All fish used in 

the studies were about the same size. The malathion test on juvenile common 

carp was conducted on groups of fish of two different sizes (mean length= 2.5 and 

5.0 cm). Diazinon tests were conducted using juvenile common carp (mean size= 

7.1 cm) and adult Barilius vagra (mean size= 6.8 cm). Daily mortalities were 

recorded as were behavior and gross morphological changes. 

Heavy Metals 

Acute toxicity tests for heavy metals were made using CUS04, Pb(N03)2. 

ZnCI2, NiCI2, and FeS04. All stocks (100 ppm) were prepared in deionized 
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water. Predetermined dilutions were made from the stock solution (Tables 7 to 

10) . 

Long-term Toxicity Tests 

Experiments were conducted to determine the long-term (chronic) 

effects of malathion on the survival of juvenile common carp. The final 

concentrations of malathion used in the experiments fell between 0.1 and 2.0 

ppm. All fish, 10-20/test (mean size= 3.5 cm) were maintained in 10-gallon 

glass tanks, each containing 12 liters of tap water. A control tank containing 

comparable numbers of fish was established for each test regime. Mortalities 

and gross morphological and behavioral changes were recorded daily. Dead fish 

were measured (standard length), weighed to the nearest mg on an electric 

balance (Mettler) and preserved (-20 C) for subsequent bio-accumulation 

determinations. During the experimental period, fish were fed daily and the 

tanks were continuously aerated. Pesticide concentrations were replenished 

weekly following the procedures of Johnson (1955). 

Survey of Industrial Effluents 

The survey worl< was carried out in three phases. In the first phase, a 

general survey was made in areas north and south of Islamabad (Figure 1, Table 

11). Physicochemical features of water systems subject to direct influence from 

industrial units and those relatively removed from industrial units were 

compared. In the second phase (Tables 12 and 13) and third phase (Table 14), 

individual industrial/animal farm units were identified, and water samples from 

the industrial drainage (source) and adjacent (recipient) streams were collected 
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Figure 1. Sampling sites (0) of industrial effluents from 

north and south of Islamabad. 
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for physicochemical analysis. The physicochemical features measured were: 1) 

water temperature, 2) pH, 3) water hardness, 4) dissolved oxygen, 5) Ca, Na, 

K, and 6) heavy metals (Zn, Cu, Hg, Cd, Fe, Pb, and Ni). Water color was also 

noted and, whenever possible, the presence or absence of fish. 

Oxygen Determination 

Separate samples of water were collected from each station and 

transferred to BOD (Biological Oxygen Demand) bottles. These samples were 

preserved on site and brought to the laboratory for 02 analysis by the Winkler 

method. 

pH, Hardness and Ca Determinations 

Water pH was measured in the laboratory on the day of collection using a 

Corning pH meter. Water hardness was measured according to the method 

specified by the International Committee on Water Quality, American Public 

Health Association (1981) and expressed as mg/L CaC03. Calcium levels in the 

sample were derived from water hardness data. 

Na, K, and Heavy Metals 

These determinations were made using water samples preserved according 

to the methods established by the International Committee on Water Quality, 

American Public Health Association (1981). Determinations were made with an 

atomic absorption spectrophotometer using known concentrations along with field 

samples. Concentrations of elements were expressed as ppm (mg/L) or ppb 

(ug/L). All standards were prepared in deionized water. 

21 



Biotolerance Studies 

Bio-tolerance tests of fish were conducted on the industrial effluent and 

on the waters of the recipient stream. Juvenile common carp were used as the 

test organism. Water samples taken from each station were immediately placed 

in a continuously aerated test chamber (3Utest chamber). Each test chamber 

received 10 fish of comparable size. A control group was also established. Fish 

mortalities were recorded during 24-120 hrs of exposure to undiluted samples. 

Similar studies were conducted on water samples that had been diluted by 50%. 

In these studies, fish mortalities were recorded over 15 days (Table 15). 

Bioaccumulation Studies 

Juvenile common carp exposed to low concentrations of malathion in long 

term experiments (60 days or longer) were refrigerated (-20 C) for 

bioaccumulation studies. Individual fish (preweighed) were descaled and 

homogenized in an atomic glass homogenizer in a mixture of sodium sulfate and 

acetonitrile for glass-column extraction chromatography according to the 

methods of American Public Health Association (1981). Control fish and 

malathion standards were extracted similarly. 

Bioaccumulation of heavy metals was studied in whole fish (juvenile 

common carp). Fish (groups of 4 animals per test) were exposed for 15 days to 

0.1 ppm Cu, and 0.5 ppm each of Pb, Zn, and Fe in tanks containing 3 liters of 

tap water. The fish were fed daily and the water was oxygenated continuously. 

The metal concentrations in different tanks were replenished on alternate days by 

replacing the entire tank volume with freshly prepared solutions. A control 
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group of 4 fish was held in toxicant free water. At the end of a 15-day period, 

individual fish were sacrificed and weighed. Fish in each group were 

homogenized and then digested in 1.0 ml of HN03 in separate tubes for 24 hr. 

The digestate 'NelS diluted to 20 ml in deionized water and filtered. The filtrate 

was subjected to atomic absorption spectrophotometry. 

23 



RESULTS 

Acute Toxicity Tests ·Pesticides 

Malathion 

Mortalities were variable, but the LCSO-96 hr for juvenile and adult 

carp in response to malathion was similar. The LCSO-96 hr values from probit 

analysis were greater for smaller sized fish than that for larger fish. According 

to the probit analysis, the LCSO-96 hr were 13.80 and 12.81 ppm for the two 

sizes of fish. The LCSO values by Spearman-Karbar analysis were 10.21 and 

10.38 ppm for these same two sizes (Table 1). Adult Barilius vagra seem to be 

more sensitive to malathion than were juvenile common carp. The LCSO-90 hr 

in replicate tests was 7.39 and 7.66 ppm (Table 2). Control fish of both species 

appeared unaffected and suffered no mortalities in all tests. Fish of both species 

that survived longer than 96 hr showed behavioral modifications. Impaired 

locomotion was noted at concentrations as low as 0.S7 mg/L and some fish 

developed deformed vertebral columns (scoliosis of the posterior body) and dark 

skin at a concentration of 8.S mg/L, and these fish ultimately died even if 

transferred to toxicant free water. Barilius vagra showed darkening of the skin 

when maintained at a concentration as low as 4.0 mg/L for longer than 7 days, 

but did not develop scoliosis. 

Diazinon 

Both juvenile common carp and adult Barilius vagra were extremely 

sensitive to this pesticide. The LCSO-96 hr for the common carp in replicate 
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Table 1. Mortalities and LC50-96 hr of juvenile Cyprinus carpio exposed to malathion. Sample size = 10 
fish per tank; 25 C, Oxygen=6.43 mg/L, pH=7. LC50-96 hr determined by adjusted probit analysis 
and compared with trimmed Spearman-Karber method. 

Mean Fish Length 

2.5 cm 

5.0 cm 

No. of dead fish at each 
concentration (ppm) 

8.55 11.4 14.25 14.8 

o 2 4 7 

1 3 3 9 

17.1 

9 

10 

Probit 
LC50-96 hr 

ppm 

13.80 

12.81 

Adjusted 
Probit 
Slope 

12.30 

9.46 

Trimmed 

LC50-96 hr 
ppm 

10.21 

10.38 

tv 
Ul 



Table 2. Mortalities and LC50-96 hr values of Barilius vagra (mean length=6.0 cm) 
exposed to malathion. Sample size=10 fish per tank, 20 C, Oxygen=6.5 mg/L, 
pH= 7.2. 

No. of dead fish at each Probit Adjusted 
concentration {22m} LC50-96 hr Probit 

Trial 4.00 6.50 8.55 11.40 ppm Slope 

1 2 1 7 9 7.39 5.02 

2 1 3 4 10 7.66 6.02 

tv 
0\ 



tests were 4.97 and 3.43 mg/L (Table 3). Fish surviving (at 4.8 ppm) for 7 or 

more days developed impaired swimming, darkening of skin, and scoliosis. The 

LC50-96 hr in replicate tests on Bariliu5 vagra were 1.94 and 2.94 mg/L 

(Table 4). Adults of this species seem to be more sensitive to the pesticide than 

the juveniles of common carp. Although body darkening was evident in some 

individuals that survived exposure to lower concentrations (1.2 mg/L) beyond 4 

days, no scoliosis was evident. 

Sherpa 

Sherpa was highly toxic to fish (Tables 5 and 6). Both common carp and 

Barilius vagra were affected at concentrations as low as 12.75 ug/L and 2.80 

ug/L. Juvenile common carp (mean size= 3.5 cm) had probit LC50-96 hr of 

11.0 and 14.1 ug/L and Spearman-Karbar LC50-96 hr of 14.32 ug/L. Larger 

fish (mean size= 8.0 cm) had a probit LC50-96 hr value of 14.90 ug/L and 

Spearman-Karbar LC50-96 hr value of 14.85 ug/L. Apparently the response of 

the two size groups was only slightly different. The probit LC50-96 hr values 

for Bariliu5 vagra were 3.56 and 4.10 ug/L, and Spearman-Karbar LC50-96 hr 

values were (2.93 and 3.34 ug/L) lower than probit values. LC50-96 hr 

values were lower for Bariliu5 vagra than those for juvenile common carp. 

Long-term Tests (pesticides) 

Long-term tests were conducted only for malathion and only with common 

carp. Exposure to malathion for 40 days yielded a LC50-30 day value of 1.4 

mg/L for juvenile common carp (mean size= 3.5 cm). These tests were repeated 

27 



Table 3. Mortalities and LC50-96 hr values of juvenile Cyprinus carpio (mean size=7.1 cm) 
exposed to diazinon. Sample size=10 fish per tank, 25 C, Oxygen=6.5 mg/L, pH=7.1. 

Trial 

2 

No. of dead fish at each 
concentration (ppm) 

4.8 7.2 9.6 

o 4 7 

1 3 4 

12 

10 

9 

Probit Adjusted 
LC50-96 hr Probit 

ppm slope 

4.97 1.34 

3.43 1.67 

tv 
00 



Table 4. Mortalities and LC50-96 hr values of Barilius vagra (mean size=6.0 cm) when 
exposed to different concentrations of diazinon. 

No. of dead fish at each Probit Adjusted 
concentration {(2(2m} LC50-96 hr Probit 

Trial 1.2 2.4 4.8 7.2 ppm slope 

1 3 8 4 10 1.91 1.68 

2 0 4 8 10 2.94 5.26 

tv 
\0 



Table S. Mortalities and LC50-9S hr values for juvenile Cyprinus carpio exposed to sherpa. Sample size = 10 fish 
per tank, 25 C, Oxygen= S.S mg/L, pH=7.1. 

No. of dead fish at each Probit adjusted Trimmed 
concentration {~pb} LC50-9S hr Probit Spearman-Karbar 

Mean Fish Length 12.75 13.3 14.3 14.8 15.4 1S.S ppb Slope LC50-9S hr 

3.5 cm 0 3 4 7 8 10 11.00 22.00 14.32 

3.5 cm 2 2 3 7 10 14.10 30.07 

8.0 cm 0 3 9 10 14.90 44.52 14.85 

w 
o 



Table 6. Mortalities and LCSO-96 hr values of adult 8arilius vagra (mean length=6.8 cm) when 
exposed to sherpa. Sample size=10 fish per tank, 2SoC, Oxygen=6.3 mg/L, pH =7.2. 

No. of dead fish at each Probit Adjusted Trimmed 
concentration {~~b} LCSO-96 hr Probit Spearman-Karbar 

Trial 2.8 4.16 8.3 12.7S ppb Slope LCSO-96 hr 

1 3 6 10 3.S6 6.07 2.93 

2 4 3 9 10 4.10 3.90 3.34 

Ul 
..... 



exposing the juveniles (mean size= 4.0 cm) for 70 days to concentrations of 

0.10 mg/L, 0.57 mg/L, 1.00 mg/L, and 2.00 mg/L. The LCSO-60 day value 

was 0.8 mg/L. The exposed fish showed morphological and behavioral 

modifications. Concentrations as low as 0.57 mg/L caused darkening of the skin 

after 30 days, and in rare cases caused scoliosis. The incidence of scoliosis 

increased with concentration. The first fish to die at any test concentration 

suffered scoliosis and weight loss. 

Acute Toxicity Tests 

Heavy metals 

The LCSO-96 hr for each metal was based on probit analysis except for 

Hg and Zn, where both probit and Spearman-Karbar analysis were applied. The 

Probit LCSO-96 hr values for smaller fish (mean size= 3.5 cm) were 0.30 for 

Cu, 0.16, 0.71 for Hg, and 0.44 ppm for Pb, whereas Spearman-Karbar 

replicate LCSO-96 hr values were 0.57 and 0.62 ppm for Hg (Tables 7). The 

probit LCSO-96 values for larger fish (mean size= 6.5 cm) were 1.0 for Cu, 

0.77 for Hg, and 0.8, 1.33 for Pb (Table 8). The Spearman-Karbar LCSO-96 

hr values were 0.94 ppm for Hg. Larger fish seem to be substantially less 

sensitive to these heavy metals than smaller fish (Figures 2 and 3). 

The replicate LCSO values for Zn, Ni, and Fe were variable for both 

smaller (mean size= 3.2 em) and larger (mean size= 6.0 cm) fish (Tables 9 and 

10). Size of fish seemed to effect response, LeSO values increased as fish size 

increased (Figure 4). 

Probit analysis revealed differences in response by different sized fish 

(Tables 1 and 5). The same trend is also evident in other comparisons (Tables 7 
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Table 7. 

Metal 

Cu 

Hg 

Pb 

Mortalities and LCSO-96 hr of juvenile Cyprinus carpio (mean length=3.S cm) when 
exposed to Cu, Hg, and Pb. Sample size=10 fish per tank, 20 C, Oxygen=6.4 mg/L, pH=7.1. 
The control group had no mortalities. 

No. of dead fish at each Probit Adjusted Trimmed 
concentration ((2(2m} LCSO-96 hr Probit Spearman-Karbar 

0.1 O.S 1.0 1.S ppm Slope LCSO-96 hr 

2 6 8 10 0.30 2.036 

4 7 10 0.16 2.014 0.S7 
0 3 6 10 0.71 4.4S0 0.62 

2 4 6 10 0.44 1.723 

UJ 
UJ 



Table 8. 

Metal 

Cu 

Hg 

Pb 

Mortalities and LCSO-96 hr values of Cyprinus carpio (mean length=6.S cm) when 
exposed to Cu, Hg, and Pb. Sample size=10 fish per tank, 1S C, Oxygen=6.4 mg/L, pH= 7.1 
The control group had no mortalities. 

No. of dead fish at each Probit Adjusted Trimmed 
concentration {ppm} LCSO-96 hr Probit Spearman-Karbar 

O.S 1.0 1.S 2.0 ppm Slope LCSO-96 hr 

2 4 6 10 1.00 3.64 

2 6 10 0.77 S.S8 0.94 

3 S 9 10 0.80 4.02 
1 4 3 9 1.33 3.33 

tJ.) 

~ 
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Figure 2 . Mortalities of small juvenile Cyprinus carpio 
(m ean length=3.5 em) when exposed to different 
con e entrat ions of Hg, Cu, and Pb . 
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Figure 3. Mortal i ties of large juvenile Cyprinus carpio 
Cmean length= 6.5 em) when exposed to different 
concentrations of Hg, Cu and Pb. 
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and 8). Such a difference was not evident when the same data were analyzed by the 

Spearman-Karber method. Analysis with the Spearman-Karber technique 

rendered less pronounced differences in LC50 values between replicate tests than 

analysis with the probit method. 

Survey of Industrial Effluents 

Surveys of selected areas conducted in 1987-88, 1988-89 and 1989-

90 showed variations in water quality (Tables 11 to 14). Rawal Lake (station 

5) and water from the fish hatchery (station 12) served as controls. Sewage 

flowing into the Jhablat Stream (station 3) in Hassan Abdal was low in oxygen 

(2.25 mg/L). The effluent from station 6 into the Tormah Stream was low in pH 

(2.7) and oxygen (2.50 mg/L) but high in water hardness (214 mg/L). The 

effluent from station 7 had a high pH (8.0), high water temperature (36 C) and 

low dissolved oxygen (3.5 mg/L). The pH of the effluent from station 15 entering 

Deg Stream was high (10.8). 

Several metals had much higher levels in the effluents than in the 

reference water from the fish hatchery and Rawal Lake (Table 11). Fe in the 

effluent from stations 6, 9, and 11 was high. The effluent from station 6 also 

contained high levels of Pb and Zn. 

Low pH values (2.5) were found in the effluents from station 1. Low 

dissolved oxygen (1.7 mg/L) levels were present in the effluent of station 6 and 

noticeably high levels of water hardness (584 and 392 mg/L) in the effluents of 

station 1 and station 4 (Table 12). 
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Table 9. 

Metal 

Zn 

Ni 

Fe 

Mortalities and LC50-96 hr values of juvenile Cyprinus carpio (mean length=3.2 cm) 
exposed to Zn, Ni, and Fe. 

No. of dead fish at each Probit Adjusted Trimmed 
concentration {l2l2ml LC50-96 hr Probit Spearman-Karbar 

0.1 0.5 1.0 2.0 2.5 3.0 ppm Slope LC50-96 hr 

2 4 6 9 10 10 0.45 1.93 0.83 
0 3 3 2 9 10 1.34 2.30 1.24 

0 1 4 4 6 10 1.54 2.70 
1 3 4 8 10 1.30 1.89 

2 3 5 9 9 10 0.56 1.80 
0 6 4 4 4 9 1.36 1.20 

tJ,) 

\0 



Table 10. 

Metal 

Zn 

Ni 

Fe 

Mortalities and LC50-96 hr values of juvenile Cyprinus carpio (mean length= 6.0 cm) 
exposed to Zn, Ni, and Fe. 

No. of dead fish at each Probit Adjusted Trimmed 
concentration {!2!2m} LC50-96 hr Probit Spearman-Karbar 

0.5 1.0 2.0 3.0 3.5 ppm Slope LC50-96 

0 3 4 9 10 1.64 4.30 1.64 
0 4 3 4 9 2.25 2.40 1.66 

0 3 4 9 10 1.64 4.30 
0 2 4 4 9 2.30 3.00 

1 4 6 10 1.22 3.70 
0 4 3 4 9 2.25 2.37 

+:>. 
o 



Table 11. Physicochemical characteristics of streams with industrial effluents and reference 

waters around Islamabad, Pakistan (April and May 1988). 

Station Recipient pH 
Water System 

1 Tormah Stream 7.20 
2 Jhabalt Stream 7.50 
3 Jhabalt Stream 6.70 
4 Haro River 6.70 
5 Rawal Lake* 7.00 
6 Tormah Stream 2.70 
7 Indus River 8.00 
8 Indus River 8.70 
9 Indus River 7.05 
10 Kabul River 5.60 
11 Kabul River 6.70 
12 Fish Hatchery* 7.60 
13 River Ravi 7.40 
14 Oeg Stream 6.70 
15 Oeg Stream 10.7 
16 Shanawan Fish Hate 7.50 
17 River Chenab 7.40 
18 River Jhelum 7.50 

*Reference Waters 

Hardness 
mg/L (CaC03) 

170.0 
114.0 
112.0 
054.0 

no data 
214.0 
070.0 
096.0 
226.0 
096.0 
208.0 
090.0 
040.0 
120.0 
092.0 
050.0 
034.0 
044.0 

Oxygen 
(mg/L) 

5.08 
7.33 
2.25 
4.50 
6.70 
2.50 
3.50 
5.06 
3.02 
4.60 
4.80 

no data 
no data 
no data 
no data 
no data 
no data 
no data 

Concentration (ppm) Temp 
°C Fe Pb Zn 

23.00 0.23 0.14 no data 
26.00 no data no data no data 
27.00 0.50 0.14 no data 
32.50 0.29 0.12 no data 

no data 0.04 no data 0.28 
26.50 1.13 0.54 0.39 
36.00 no data no data no data 
28.50 0.61 0.10 no data 
36.00 1.26 0.12 0.13 
32.00 0.29 0.10 0.01 
30.50 1.28 0.14 no data 

no data 0.02 0.02 0.30 
no data 0.61 no data no data 
no data 0.46 no data no data 
no data no data no data no data 
no data no data no data no data 
no data 0.83 no data no data 
no data no data no data no data 

+::-
..-



Table 12. Physicochemical characteristics of water samples collected from 

industrial and poultry farm drainages (June 1989). 

Temp p-I Oxygen Hardness 

Station C mg/L mg/L {CaC03} 

1 29.00 2.50 5.10 584.00 

4 31.50 6.70 5.10 392.00 

6 30.50 7.50 5.10 204.00 

6 40.00 6.80 1.70 204.00 

9 31.00 6.10 no data no data 

.j::::.. 

N 



There are high levels of Zn and Fe in the effluent from station 1 (Table 13). 

Effluents from stations 4, 6 and 9 also had elevated levels of Zn. Fe was high in 

the effluent from stations 6 and 9. 

Fe was high (7.0 ppm) in the effluent from the steel pipe factory (Table 

14). The color of the water at this source was dark brown. The Fe level dropped 

to 2.00 ppm as it mixed with stream water. Zn, Ni and Hg levels were below 

detection limits at these stations. 

Biotolerance of Water Quality 

Juvenile common carp showed 100% mortality in the first 24 hr of 

exposure to waste water from stations 1, 6, and 9. Mortalities (10 and 20%) 

also occurred in 96-hr exposures to the effluents from stations 6 and 4, 

respectively. No mortalities occurred in the control group (Table 15). 

Mortalities of fish occurred in all undiluted samples from the stations in the 

industrial area of Islamabad. When the original samples were diluted by 50%, 

no mortalities occurred in 96-hr bioassays; except for those from the Ismailjee 

Steel factory. However, when fish were exposed to these dilutions for 15 days, 

mortalities of 10% occurred in water from stations 1, 2, 5, and 7. The effluents 

at these stations were foul smelling and highly discolored (brown, or dark in 

color). The streams also lacked any sign of fish life or other aquatic animals. 

Bioconcentration Studies 

Malathion residues 

The efforts to analyze for malathion residues with glass-column 

extraction chromatography yielded uncertain results. Analysis of fractions 
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Table 13. 

Station 

1 

4 

5 

6 

6 

9 

Concentration of metals (ppm) in the industrial and poultry farm drainages between 

Islamabad and Nowshehra (1989). 

Ni Zn Cd Fe Cu Ha 

0.085 0.50 0.0029 11.75 0.08 0.001 

0.078 0.22 0.0017 0.06 0.01 0.001 

0.078 0.15 0.0016 0.04 0.01 0.001 

0.085 0.18 0.0040 0.36 0.01 0.001 

0.085 0.28 0.0016 0.04 0.01 0.001 

0.085 0.36 0.0018 1.07 0.03 0.002 

.p:.. 

.p:.. 



Table 14. Physicochemical characteristics of streams within Islamabad, Pakistan (1990)*. 

Industrial Unit Water Dissolved Hardness Pb Cd Cu 
Temp. Oxygen mg/L 

C mg/L CaC03 ppm 

Steel Marble Factories Stream 22.00 5.2 170 1.4 7.3 0.14 

Steel Pipe Factory, Source 23.00 5.3 214 1.4 6.7 0.05 

Steel Pipe Factory, Stream 23.50 6.1 210 1.3 6.7 0.08 

Omarsons Chemicals, Source 22.00 5.8 220 1.9 7.2 0.07 

Ismailjee Steel Mills Stream 22.00 4.8 208 1.3 6.2 0.04 

Potohar Steel Mills Stream 40.50 2.5 226 1.3 5.8 0.06 

Nala Lai 22.20 4.7 180 1.4 6.4 0.04 

·Zn, Ni and Hg were not detectable. 

Fe 

0.30 

7.00 

2.00 

0.50 

0.15 

0.07 

0.15 

.j:::.. 
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Table 15. 

Year/ 
Station 
1990 

1 

2 

3 

4 

5 

6 
7 

1988 
1, 6 

9 
1989 

3 
4 
5 
6 

Percent mortality of juvenile Cyprinus carpio following exposure to industrial effluents. 

Effluent Source Undiluted Effluent 50% Diluted Effluent 
96-hr 15-da~ 

Effluent from Flour Mill, Steel 50% at 72-hr 0 10% 
and Marble Factories 
Effluent from Steel Mill at 60% at 120-hr 0 10% 
Source 
Effluent from Steel Mill at 40% at 120-hr 0 0 
Stream 
Omarsons Anti-malaria 30% at 24-hr 
medicine Factory 30% at 120-hr 
Ismailjee Steel 50% at 72-hr 10% 10% 

60% at 96-hr 
Potohar Steel 40% at 96-hr 0 0 
Nala Lai 40% at 96-hr 0 10% 

100% at 24-hr 
100% at 24-hr 

100% at 24-hr 
20% at 96-hr 

Reference Waters no mortality 
10% at 96-hr 

~ 
0\ 



obtained by cleaning the tissue homogenate (or standard malathion) with hexane, 

celite, acetonitrile and florisil, yielded peaks for treated, standard and untreated 

control groups. It is possible that the purity of acetonitrile or of hexane may 

have affected the results. No further work of this type was attempted. 

Heavy Metal Residues 

Preliminary tests to determine levels of Cu, Hg, Cd, Ni, Zn, Fe, and Pb in 

the domestic water supply in which fish were maintained throughout the study 

showed levels of 0.01, 0.001, 0.0016, 0.078, 0.15, 0.04 (Table 13) and 0.02 

ppm (station 12 Table 11) respectively. Significant differences in mean levels 

of metal (Cu, Fe, Pb, and Zn) residues were detected between the control and the 

treated groups (Table 16) after exposure for 15 days. The residues of Fe, Cu and 

Pb were respectively 8-fold, 5-fold and nearly 2-fold higher in the treated than 

in the control group. The concentrations of Zn were comparable to those of Pb. 
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Table 16. Bioconcentration of metals in whole juvenile carp exposed to Cu (0.1 

ppm) and Pb, Zn, and Fe (0.5 ppm each) for 15 days. Mean concentrations 

expressed as ppm ± SE (standard error of the mean). Figures in 

brackets indicate the number of fish per test. 

Group Cu Pb Zn Fe 

Control 0.00435 0.0660 0.0950 0.0370 
(toxicant free water) ±0.0007 ±0.004 ±0.007 ±0.005 

[4] [4 ] [4 ] [4 ] 

Treated 0.0244 0.1032 0.1330 0.3300 
±0.005 ±0.008 ±0.015 ±0.06 

[4] [5J [4] [6] 

.j::::.. 

00 



DISCUSSION 

In Pakistan, only a limited effort has been made to document the effects of 
I 

pollution on fish and fisheries (Bhatti 1950; Javaid and Waiz 1972; Lone and 

Javaid 1976; Shakoori et al. 1976). Organophosphorus, carbamate and 

pyrethorid pesticides are widely used in Pakistan, but little work has been done 

on their toxicity to fish (Javaid and Waiz 1972; Lone and Javaid 1976; Shakoori 

et al. 1976) or the effects on the chemistry of surface and ground waters (Ahmad 

et al. 1984). Little published work exists on: 1) the toxicity of heavy metals to 

local freshwater fish, 2) heavy metal levels downstream from industrial units, 

3) bioassays of survival of local fish, and 4) biomagnification of pollutants in 

fish. This chapter presents: 1) experimental data on the toxic effects of some 

pesticides and heavy metals in acute and chronic situations, 2) field surveys to 

identify the effects of industrial wastes on fish in receiving streams and rivers, 

3) the physicochemical properties of effluents and waters receiving the 

effluents, and 4) survival tests of fish exposed to effluent and/or polluted water. 

Studies On Pesticides 

There is considerable variability in the response of different species of 

fish following experimental exposure to organophosphate pesticides (Johnson 

1955, 1968; Pickering et al. 1962; Mount and Stephan 1967; Mulla et al. 

1967; Gajghate et al. 1989). The observed range of acute malathion toxicity 

(LC50-96 hr) is 12.5 ppm for fathead minnows, Pimepha/es prome/as, 0.1 

ppm for rainbow trout, Sa/mo gairdneri, and 0.02 ppm for bluegill, Lepomis 

macrochirus (Pickering et al. 1962). Bluegill are extremely sensitive to 

malathion, with lethal concentration being 0.1 ppm in 96-hr LC50 (Eaton 
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1970). In contrast, the lethal concentration for fathead minnows ranges from 

9.00 to 10.45 ppm. Javaid and Waiz (1972) have shown wide differences in 

response of Channa punctatus to diazinon (TLm 50 = 0.456 ppm) and malathion 

(TLm 50 = 0.92 ppm). In my study the acute LC50-96 hr for malathion in 

juvenile common carp was 13.80 and 12.81 ppm, respectively for fish with 

mean length of 2.5 and 5.0 cm. These values are comparable to those reported 

for fathead minnows (Mount and Stephan 1967; Eaton 1970). Adult Bara/ius 

vagra were considerably more sensitive to malathion than juvenile common carp. 

The LC50-96 hr values for Bara/ius vagra were slightly greater than 7.0 ppm. 

Diazinon appeared to be more toxic than malathion with 96-hr LC50's for 

juvenile common carp ranging between 3.74-4.97 ppm, and between 1.9-2.9 

ppm for adult Bari/ius vagra. Considerably lower levels have been reported for 

the 96-hr LC50 for rainbow trout juveniles (0.38 ppm) and adult ChannEl. 

punctatus (0.445 ppm) (Javaid and Waiz 1972). An early study on juvenile 

common carp showed the 24 and 48-hr LC50 values for diazinon to be 7.0 and 

3.2 ppm, respectively. Based on these data, one might expect the 96-hr LC50 to 

be lower than the levels obtained in the present study. Possible explanations 

might involve differences between the two studies in oxygen levels, pH, 

temperature and water hardness. There were also differences in the mean size 

and perhaps the adaptive history of the carp used in the two studies. Local or 

regional differences in responses of carp to diazinon have been previously 

illustrated by investigations of Javaid and Waiz (1972) and Sastry and Malik 

(1982). Sastry and Malik (1982) estimated the 96-hr LC50 to be 3.1 ppm 

while Javaid and Waiz (1972) showed it to be 0.445 ppm. These data 

collectively support the hypothesis that local conditions and differences in the 
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fish can influence the responses of a given species to particular pesticides; data 

obtained from one geographical region or locality may not be applicable in other 

geographical regions or localities. 

Of the three pesticides used in the present study, sherpa was the most 

toxic to both juvenile common carp and adult Barilius vagra. Sherpa, 

cypermethrin and other similar compounds influence nerve axon function and 

possibly Ca-dependent ATPase activity in tissues (Buchel 1983; Matsumara 

1983). The 96-hr LCSO for carp was only 11.0 to 14.1 ppb for fish averaging 

3.5 cm in length and not substantially different for fish averaging 8.0 cm in 

length. Adult Barilius vagra are 3 to 4 times more sensitive than juvenile carp. 

This pesticide, chemically known as cyano-3-phenoxybenzylcis, tranas-3(2,2, 

dichlorovinyl) 2,2-dimethylcyclopropanecarboxylate, has low toxicity to man 

and othei mammals but is extremely toxic to fish (personal Rhone Poluence 

Agrochimie communication). It is however, rapidly degraded or absorbed by 

sediments in water and therefore may pose little or no long term hazards; 

spillage is liable to initially cause massive mortalities. Other pesticides in the 

environment are thought to pose a greater threat to aquatic life owing to 

cumulative effects (Mount and Stephan 1967; Johnson 1968; Eaton 1970). 

Although long term tests of contaminant toxicity should extend over at least one 

generation and are best conducted in a flow through system (Sprague 1969; Eaton 

1970), long term tests in this study had to be restructued to relatively shorter 

periods (at most 3-months duration). Thirty-day LCSO and 60-day LCSO 

values were 1.4 and 0.8 ppm respectively when juveniles of common carp were 

exposed to 1.0 ppm concentration of malathion. A 70-day exposure to 0.1 ppm 

malathion caused no mortalities or behavioral changes. Similar results have 
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been obtained in long term tests on several other species of fish by Pickering and 

Henderson (1966a), Mount and Stephan (1967) and Eaton (1970); 

concentrations close to 1.0 ppm were innocuous in long term situations. 

Acute toxicity tests (96 hr) provide a measure of the toxicity of 

compounds to a given species under specific environmental situations (water 

chemistry, pH, temperature). They also reflect the severe and rapid damage 

caused by sudden exposure to lethal concentrations of contaminants. Accidental 

spillage of pesticides or the release of large amounts of pesticides in agricultural 

runoff would lead to conditions that are comparable to the acute tests. On the 

other hand, chronic tests provide a measure of the effects of usually sublethal 

exposures over extended periods of time (Johnson 1968; Sprague 1969). 

Although sudden mortalities of fish from toxic amounts of pesticides in 

agricultural runoff are more dramatic (Johnson 1968), long term exposure of 

fish to extremely low levels (far below acute LC50 values) may reduce 

longevity, reproductive vigor and size of fish. My data on malathion suggest that 

concentrations as low as 0.1 ppm have no discernable effect on juvenile common 

carp. 

One of the major questions posed concerning contaminants is the 

concentration of a pesticide which has no effect (Le., assessment of 

environmentally safe concentrations) on the sustained fisheries potential 

(Mount and Stephan 1967; Johnson 1968; Sprague 1969; Eaton 1970). A 

calculation of the environmentally safe concentration or Maximum Acceptable 

Toxicant Concentration (MATC) is usually determined by dividing the lowest 

concentration where there is an observed effect from the toxicant by the 96 hr 

LC50 concentration. The MATC can be used to derive (Mount and Stephan 1967) 
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a no effect concentration called the "application factor" of the toxicant. This 

value can also be applied to other species of fish for which 96-hr LeSO values 

are known (Mount and Stephan 1967; Eaton1970). Accordingly, it is possible to 

derive an application factor using the acute toxicity and chronic test data (70-

day test) from the present investigation on common carp. Because the chronic 

tests ought to extend over a generation, these values should be used with caution. 

The application factor of malathion is 1113.8 of the 96-hr LeSO value. Since 

0.57 ppm of malathion had some behavioral effects, the application factor must 

fall between 1/13.8 and 0.57/13.8 of the 96 hr LeSO value. According to Mount 

and Stephan (1967), the application factor obtained on the basis of chronic tests 

on one species can be used to derive application factors for other species as well. 

Whether the concentrations based on the malathion application factor for the 

common carp are indeed safe for the entire generation and for other species is 

unknown. 

Undoubtedly the acute lethality of pesticides (malathion, diazinon and 

sherpa) is manifested in mortalities noted in the acute tests. The observed 

sublethal effects preceeding death were escape behavior, increased locomotor 

activity, distress and loss of equilibrium. There was also a visible but often 

transient change in body coloration (darkening). These concentrations of both 

malathion and diazinon resulted in delayed and perSistent darkening of the body 

and deformities of the posterior bacl, bone (crooked backbone or scoliosis). At 

malathion concentrations as low as 1.0 mg/L, scoliosis and body darkening were 

minimal but the incidence increased as the concentration rose. Behavioral and 

morphological changes have also been recorded in other species of fish exposed to 

organophosphates. especially malathion and diazinon. These neuromuscular and 
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skeletomuscular effects involve alteration in the function of the 

acetylcholinesterase enzyme (Mount and Stephan 1967; Johnson 1968; Eaton 

1970; Buchel 1983; and Miyamoto and Kearney 1983). 

Heavy Metal Studies 

Heavy metals have toxic effects on all organisms, including fish and 

humans (Affleck 1952; Sprague 1964; Pickering and Henderson 1966b; Ball 

1967; Brown and Dalton 1970; Brungs et al. 1971; Pickering and Gast 1972; 

Bengtsson 1974; McKim et al. 1978). Natural sources such as leaching of 

metals from rocks and sediments are responsible for some pollution but many 

heavy metals enter the aquatic environment through their use in local industry. 

In Pakistan, these are cottage industries in iron work, the manufacture of 

electroplates and batteries, or preparation of vegetable oils or from motor fuels 

and exhausts. My work has demonstrated that juvenile common carp are quite 

sensitive to Cu, Hg, Pb, Ni, Zn and Fe, but that there is size specific response to 

acute exposures. Considerable variation in the 96-hr LC50 occurred among 

replicate tests. Such variation may either reflect susceptibility differences 

between experimental fish or be due to variations in water hardness. Sprague 

(1969) has pointed out the possibility of more sensitive individuals in one group 

than another. Water hardness, also has pronounced effects on the LC50 of fish to 

given metals (Alabaster and Lloyd 1980). LC50 values decrease as water 

hardness decreases. However, measurements of water hardness were not made, 

and this hypothesis cannot be tested. Another important point regarding 

variability pertains to the methods of analysis. In my study, the mortality data 

were analyzed by probit and trimmed Spearman-Karbar methods. The latter 
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method yielded LC50 values for the replicate tests which had narrow differences 

compared to differences obtained with the probit method. According to Hamilton 

et al. (1977), the trimmed Spearman-Karber method is the more reliable 

analytical technique. The 96-hr LC50 values for the various metals presented in 

my results are generally consistent with the acute toxicity ranges reported by 

other workers. Juvenile common carp are most sensitive to Cu and least 

sensitive to Fe (Tables 7 to 10). According to Saxena et al. (1982), species of 

Dania and Puntiu5 are also sensitive to Cu. Zn and Pb are less toxic than Cu or 

Hg. Metal toxicity reveals considerable species variation. The 96-hr LC50 of 

juvenile cutthroat trout exposed to Cu ranged between 0.016 and 0.370 ppm, 

depending on water hardness (Chakoumakos et al. 1979). The range for rainbow 

trout is from 0.080 to 0.514 ppm. The early life stages of salmonids are more 

sensitive than are adults. Brook trout are more sensitive to Cu than rainbow 

trout (Sprague 1964; McKim and Benoit 1971; Zitko et al. 1973). In static 

acute tests (96-hr), the LC50 values for Cu for juvenile common carp are 

usually less than 1.0 ppm. The median lethal concentrations of Zn over a 96-hr 

period vary between 0.01-10.0 ppm, depending on water chemistry and age of 

the fish (Alabaster and Lloyd 1980). For other metals such as (Pb, Hg, and Ni), 

the 96-hr values are known to vary with species, size and water hardness 

(Pickering and Henderson 1966; Alabaster and Lloyd 1980). Therefore, the 

results of my study for individual metals may not be meaningfully because of 

differences in experimental conditions (regional and local features of water used, 

duration of experiments, age differences within species). 

Zn, Pb, Cu, and Hg impair growth, cause increased production of mucous 

on respiratory surfaces, and impair gaseous exchange in fish. They also cause 
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adverse effects on hemoglobin levels, liver, muscle and brain glycogen as well as 

modifications of serum glucose in several species of Labeo, Cirrhina, Cat/a, 

C/arias, Heteropneustes, Mystus, and Channa (Shaffi 1979a, 1979b, 1981; 

Weis et al. 1981; Tuurala and Soivio 1982; Wright and Hamilton 1982). 

Bioaccumulation studies were possible in the present investigation only 

under experimental conditions. Exposure of juvenile carp to sublethal 

concentrations of selected metals for 15 days in semistatic situations revealed 8-

fold, 5-fold and nearly 2-fold accumulation of Fe, Cu, and Pb in whole fish. 

Determination of metal residues in whole fish and tissues in experimental 

situations has been a common practice and provides informations on the rate at 

which various metals are taken up and retained (Alabaster and Lloyd 1980). 

Field Studies and Bioevaluation of Water Samples 

Quality of water from the stand point of conditions for aquatic organisms 

and human health forms a major area of current interests. Judgments regarding 

suitability of water depend on whether the interest rests on survival and biology 

of fish or on effects on human health. In countries such as Pakistan, standards of 

water quality tend to vary, and generalized specifications of safe and unsafe 

waters can not always be given in absolute terms. I attempted to determine the 

physicochemical properties of effluent water reaching specific aquatic systems. 

I also conducted a bioevaluation aimed at testing the effects of contaminants on 

fish survival. Inflow of industrial drainage has acute effects in the immediate 

vicinity of the discharge. Mixing and dilution of effluent reduces the effects of 

contaminants on aquatic life. Previously there was only limited published 

information on industrial pollution of freshwater systems in the Islamabad, 
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Rawalpindi, and NWFP (North Western Frontier Province) area. Bhatti (1950) 

described fish mortalities in Leh Stream in Rawalpindi from effluents of the 

adjoining brewery and refineries. However, comprehensive information on the 

effects of industrial pollution on the freshwater system in Islamabad was not 

available. Therefore, the data presented in this paper serve as a baseline for 

future studies. 

Industrial effluents from northern Islamabad and in NWFP show unusual 

pH's (highly acidic or alkaline) and low oxygen levels. After mixing, these levels 

return to normal. Water hardness also varies from station to station. Values 

from stations also vary depending on time of the year. The levels of hardness may 

reach 584 mg/L in the Tormah stream which receives effluent from stations 1 

and 6. Water from control locations such as the fish hatchery and Rawal Lake 

have nearly neutral pH and less hardness. Both pH and water hardness effeci fish 

metabolism and, at extreme levels, are likely to influence fish survival. The 

most drastic changes in pH and water hardness are likely to occur where there is 

sustained drainage of effluents. In fact, large segments of Tormah and Jhablat 

streams which run next to an industrial area do not support aquatic life. The 

residents of the area report foul smells at particular times of the year, highly 

discolored water and gradual disappearance of fish. The most noteworthy features 

of my data are the heavy metal content of the effluents and stream water. The 

most notable of these pertain to the level of Pb, Fe, and some extent Zn and Cd. 

Effluents are higher in levels of Fe and Pb in the Tormah, Jhablat, Haro River, 

Indus River and Kabul River than they are in the fish hatchery water (Table 11), 

Relatively high values of Fe also occur in rivers Ravi and Chenab. These values 

vary over time as illustrated by the extremely high values of Fe (11.75 ppm) in 
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the effluent in the Tormah stream (station 1) in June (Table 13). The 

concentrations of Pb and Fe are also high in effluent and stream water in the 

Industrial area of Islamabad. Water from the receiving streams in this area 

ultimately enters La! Nala which has extremely foul conditions. 

Cadmium was consistently high in the Islamabad Industrial area. This 

consistency raises the possibility of faulty determinations. Cadmium levels of 

this nature do not occur in other effluents or in receiving streams. The values 

obtained do not appear to be reliable. 

The level of Zn in Tormah stream which receives effluent from stations 1 

and 6 ranges between 0.39 and 0.50 ppm. The levels of Hg and Ni are extremely 

low or close to detection limits at nearly all stations. The streams in the 

Islamabad area and parts of streams and rivers extending between Islamabad and 

Nowshehra are exposed to waste water. These streams are characteristically low 

in oxygen levels, have extremely disturbed pH, often vary in water hardness and 

contain somewhat elevated levels of Pb, Fe and Zn. 

The water in the streams in the industrial area of Islamabad and the water 

ways located between Wah and Nowshehra is highly discolored and foul smelling 

and in many places contains dead and rotting vegetation. Those parts of the 

streams which lie in immediate proximity of the industrial effluent appear to be 

entirely devoid of fish and other aquatic organisms. With increasing distance 

from the discharge site, pH, hardness, oxygen and metal concentrations return to 

near normal, but aquatic life is still periodically subject to the acute effects of 

highly acidic or alkaline conditions and elevated levels of various salts and heavy 

metals. 
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Bioevaluation Studies 

The observations on the characteristics of the effluent water from the 

industrial area are supported by the data on the survival of juvenile common 

carp following exposure. Water from Tormah Stream in Wah region, Indus and 

Kabul Rivers are extremely toxic and cause 100% mortality within 24 hours. 

Water from the Korangi River in the immediate drainage area produced 20% 

mortalities in 96 hr. Water from streams in the industrial area of Islamabad 

also had toxic effects on common carp; 30-60% mortalities within 120 hr of 

exposure. These mortalities were considerably reduced when the water samples 

were diluted by 50%. The mortality effect was noticeable over a period of 15 

days. Given the apparently polluted appearance of the streams, these results 

were not unexpected. However, it is difficult to specify the factors in each water 

sample that are responsible for fish mortalities. In some instances high acidity 

or alkalinity may be a cause. In others, the concentrations of Pb and Fe may be 

responsible for mortalities; several samples are close to the 96-hr LC50 values 

determined. The levels of Zn are elevated but are usually lower than the 96-hr 

LC50 values. Levels of Pb and Cd are consistently elevated and Fe is high in some 

cases (Table 14). The levels of Pb in these samples fall well within the 96-hr 

LC50 range (0.44 to 1.33 ppm). The acute toxicity tests are based on individual 

metals whereas the combined effect of various metals in the effluents would be 

different owing to metal complexation and interaction; synergistic action of 
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metals (Figure 5) may also be a causative agent in mortalities (Johnson and 

Finley 1980). Therefore, no valid conclusions can be made regarding which 

metal is responsible for the observed toxicity. It can be concluded, however, that 

water samples from streams receiving industrial effluents are more or less toxic 

to juvenile common carp in experimental test situations and that the presence of 

toxic effluents limit the options for fisheries management. High toxicity levels 

and the unknown extent of chronic effects render expenditures of additional funds 

to facilitate the fisheries management in these specific waters unwise. 

Development of the fisheries in the streams in and around Islamabad will require 

the control of industrial effluents. The current study emphasized only the effect 

of these industrial effluents on fishes. Additional work will be required to 

identify other effects. 
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CHAPTER II 

MANAGING EXISTING FISHERIES: 

USE OF VULNERABILITY MODEL IN MESH SIZE OF GILL NETS AS A 

MANAGEMENT TOOL 

INTRODUCTION 

Gill nets are used widely in commercial fisheries because they are 

efficient and economical (Hamley 1975). Knowledge concerning the 

vulnerability of fish to gill nets is an important aspect of fisheries management; 

mesh size regulations should be set to obtain maximum sustainable yield and 

cause minimum losses to nontarget species and sizes. One of the simplest methods 

of comparing vulnerability is by inference from girth measurements. This 

approach assumes that any fish caught has a maximum girth that is larger than 

the perimeter of the mesh (Regier and Robson 1966; Hamley 1975). 

The regulation of mesh size as a fishery management tool must be 

coordinated with the goals that management hopes to attain by mesh size 

regulation (Smolowitz 1983). The most obvious benefit of mesh size regulation 

is that it results in the reduction of the number of undersized fish discarded. 

What constitutes an undersize fish varies with the management objectives. To a 

fisherman, it may be any fish too small to market profitably or legally. To a 

scientist or manager, it may be any fish smaller than some optimum. 

Generally, the number of undersized fish discarded decrease with 

increasing mesh size. Theoretically, there is a mesh size that results in a 

62 



maximal sustain yield in weight from the fishery. Fishing mortality, natural 

mortality, and growth rate determine what this mesh size is. Maximum yield is 

not the only goal that can be reached by mesh size regulations. Mesh sizes can 

also be selected that protect a certain portion of the spawning stock (i.e., allow 

fish to spawn at least once or twice before recruiting to the fishery). The size 

mesh needed to accomplish this objective is usually intermediate between the size 

needed to reduce the number of small fish that need to be discarded and the mesh 

size needed to maximize the yield by weight. There may also be an economically 

optimum mesh size, one that would provide a stable supply of certain size fish or 

maximize the return to the fishermen. 

Mesh size regulation may even be used to limit short term effort. 

Increasing mesh size by an increment that would offset any catch increases due to 

improved efficiency would cause a decrease in catch per unit effort (Alam and 

Magnuson in press). However, a new steady state condition will eventually be 

reached where the CPUE may be greater than before. For many countries the 

objective is to protect a portion of the spawning stock. The mesh size regulation 

is then a compromise between reducing the number of unmarketable fish and 

optimizing the overall yield (weight landed) of a single species fishery. That was 

the objective for fisheries management in Pakistan. The study reported herein is 

the first attempt to set harvest regulations for Mangla Reservoir based upon 

mesh size regulations. 

The Food and Agriculture Organization of the United Nations (1988) has 

reported that the WAPDA (Water And Power Development Authority) Fisheries 

(including Mangla Lake) in Pakistan are being under utilized (Naik 1986). Gill 

netting data from Mangla Reservoir are the only data on this fishery. Gill nets of 
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different mesh sizes have been used to harvest fish. I relate the girth size of fish 

to the specific mesh size in which they were caught. These data were then used to 

evaluate the impact of variable mesh sizes on the harvest of fish from Mangla 

Reservoir. 

The objective of the research was to find a compromise between reducing 

the number of unmarketable fish and optimizing the yield by mesh size. 
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DESCRIPTION OF ~w~ANGLA RESERVOIR 

Mangla Reservoir is formed by four dams. The main dam is on the 

Jhelum River and is 3,139 meters long and 116 meters high. The reservoir is 

259 square kilometers in area, and is located at longitude 72°-43" and latitude 

34°-05". It is located about 13 kilometers from the national highway which 

links Rawalpindi and Islamabad with Lahore. The main dam is one of the largest 

earth-filled dams in the world. Water from the reservoir irrigates 4 million 

hectare of land and powers 8 generators at the Mangla Power House. The stored 

water is of great value during the winter when the Jhelum River goes almost dry 

(Raashed 1985). Water quality is good and there is high fish production 

potential (Naik 1986). 

Mangla Reservoir (Figure 6) is of great economic importance to the area. 

Fish culture is being developed in the lake. Opportunities for aquatic sports 

like boating, yachting, sailing and fishing have been developed. 
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MATERIALS AND METHODS 

Fish were sampled between May 21 and June 1, 1990, with 13 gill nets 

(monofilament and thread nets); each had a different mesh size; 10, 12, 17, 20, 

30, 38, 45, 55, 65, 75, 85, 105 and 115 mm. Six were monofilament gill nets 

supplied by F.A.O. and the remaining 7 gill nets were thread nets provided by 

Wapda Fisheries. All nets were set in the afternoon and were retrieved the 

following morning. 

Nets were set in five sampling stations in areas where commercial fishing 

takes place. The fishing depth varied from station to station. The number and 

size of each species caught in each mesh size was determined. 

GILL NET VULNERABILITY MODEL 

The probability of catching an individual fish of length 'L' in a net with 

mesh size 'm' consists of two probabilities: 1) The probability that the fish 

encounters the net, P(EL), and 2) the probability that the fish will be caught 

and retained by the net of mesh size 'm' after an encounter, P(RLm). The 

number of fish of size 'L' caught in the net with mesh size 'm' (CLm) is equal to 

this combined probability multiplied by the total number, or density of the fish 

of that size (NL) (Rudstam et al. 1984). Therefore: 

CLm = P(EL) . P(RLm) . NL ( 1 ) 

P(RLm) is a function of the ratio of the fish girth to mesh perimeter 

(McCombie and Berst 1969) when girth is a function of fish length. This curve 

for the Mangla Lake fishery was derived using the method of McCombie and Fry 

(1960). In the terminology of Regier and Robson (1966), McCombie and Berst 
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combined type B vulnerability curves (i.e., a graph of vulnerability versus mesh 

size of a given fish size) plotted against fish girth to mesh perimeter ratios into a 

single type B master curve by adjusting each curve to a unit area. This master 

curve also represents a type A curve (i.e., a graph of selectivity versus fish size 

for a given mesh size) because girth to mesh perimeter ratio is a function of both 

fish size and mesh size (Hamley 1975). The assumption that each type B curve 

has the same area is equivalent to considering P(EL) as a constant. Therefore, 

McCombie and Berst's (1969) vulnerability curve is proportional to the 

probability that the fish is caught and retained after encounter (P(RLm))' 

The linear regression equation of the depth through dorsal fin base to total 

length was used (Khan and Jhingran 1975) to obtain the ratio of girth-to-mesh 

perimeter (x), from the length-to-girth (G) relationship which is described as: 

G = (p + qL) 

x = (p + qL) / 2m 

In these equations 'G' is girth in mm, 'L' is total length in mm, 'x' is the ratio of 

girth-to-mesh perimeter and 'm' is the stretched mesh size used; 2m is the mesh 

perimeter and p and q are coefficients from the regression of girth through 

dorsal fin base on length. The values of p and q used for Mangla Lake data were 

0.900 and 0.266, respectively. 

First, girth to mesh perimeter ratios (G/2m) were calculated for each 

mesh size for each 5-mm size class (Figure 10), and the number of fish 

captured was plotted against the girth to mesh perimeter ratio (G/2m) for each 

mesh size. Curves of the same height were then drawn. The assumption was made 
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that all nets had the same relative total efficiency over the respective size ranges 

in which they caught fish. A single type B curve was made of the adjusted 

frequencies for the length classes between successive modes, that is, covering the 

length range between the smallest and largest mesh sizes as described by 

McCombie and Berst (1969). 

Girth to mesh perimeter ratios derived for a particular mesh size were 

used to estimate vulnerability values by applying a vulnerability rate 

multiplier. The algorithm is based on the premise that the vulnerability curve 

has a maximum value at some optimum girth to mesh perimeter ratio. This 

maximum diminishes in magnitude as the girth to mesh perimeter moves away 

from the optimum G/P ratio. The vulnerability at any G/P is a product of the 

maximum vulnerability rate times a vulnerability coefficient; the vulnerability 

coefficient varies over the range of 0 to 1.0. It is 0 at minimum G/P (smallest 

fish encountered and retained in each mesh) and 1 at optimum G/P (maximum 

number of fish caught in the size class). The algorithm uses the basic form of the 

logistic equation to generate the shape of the vulnerabilty rate coefficient curve. 

The shape of the vulnerability for the ascending curve obtained from the ratio of 

minimum G/P to the optimum G/P is expressed by: 

Where 

V 1 = A. e a (x - C) I [1 + A. {e a (x - C) - 1}] 

V1 = vulnerability of the ascending curve; for x < mode; 

A = vulnerability coefficient near minimum G/P ratio; 

( 2 ) 

a = vulnerability rate coefficient for ascending vulnerability curve; 

x = G/P ratio; 
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C = minimum G/P ratio. 

Values for d can be determined by using the equation: 

d = (1 I G - C) In (0 (1 - A»I (A (1 - 0)) 

Where 

G = modal G/P ratio; 

0=0.98 

( 3 ) 

The value of 0 is specified as 0.98 rather than 1.0 since the logistic equation 

asymptotically approaches 1.0 but attains this value only at the limit of infinity. 

Various values were tried for 0 with 0.98 resulting in the best fit to the data. 

The shape of the vulnerability curve from the characteristic G/P ratio to 

the maximum G/P is expressed by: 

Where 

V2= A1.ed1 (F-x)/[1+A1·{ed1(F-x)-1)}] 

V2 = vulnerability of the descending curve; for x > mode; 

A1 = vulnerability coefficient near the maximum G/P ratio; 

d1 = vulnerability rate coefficient; 

F = Maximum G/P ratio. 

The value for d1 can be determined by evaluating the equation: 

( 4 ) 

d1 = (1 I F - G) In (0 (1 - A1» I (A1 (1 - 0) (5) 

G (modal G/P) will be same in equations 3 and 5. The equation describing V 2 was 

developed by rotating the equation for V1 about the ordinate and shifting it to the 

right along the abscissa. 
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The vulnerability curve was generated over the entire range of G/P ratios 

using the equation: 

v = V1 . V2 

V is the vulnerability for the entire G/P. The product of equations 2 and 4 

yielded the reproduction of the vulnerability curve. 

Next, graphs of vulnerability values were plotted against ratios of fish 

girth to mesh perimeter. Then the graphs of vulnerability versus fish size for a 

given mesh size were plotted (Figure 11). These second plots were needed 

because the ratio of girth to mesh perimeter is a function of both fish size and 

mesh size (Hamley 1975). Since girth is related to fish length, P(RLm) was 

written as a function of fish length and mesh perimeter. 

P(RLm)=A2.f(L,m) (6) 

where A2 is constant. 

The encounter probability 'P(EL)' is directly proportional to the distance 

traveled by the fish during the sampling period. This distance is directly 

proportional to the routine speed if: 1) different sized fish swim for the same 

amount of time during the sampling period and 2) different sized fish occupy the 

same habitat, that is, different sized fish have similar behavior and habitat 

utilization. Swimming speed can be approximated as a power function to fish 

length (Bainbridge 1958; Yates 1983). Probability to encounter the net is: 

P(EL) = A3. LZ 

Where A3 is constant. 

( 7 ) 
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The exponent (z) in the expression for routine and! or sustained 

swimming has been determined for several fishes and is often 0.5 (Magnuson 

1970; Brett and Glass 1973; Jones et al. 1974; Wu and Yates 1978). Since 

routine speeds of the studied fish have not been reported in Pakistan, I used the 

estimate for bloater because indigenous carps (particularly Labeo rohita) look 

like bloater. The length exponent calculated for bloater is 0.8 (Rudstam et al. 

1984). 

From equations 6 and 7, equation 1 becomes: 

or 

( 8 ) 

In equation 8, A4 is constant. Equation 8 is the absolute vulnerability coefficient 

of the net with mesh size 'm' towards fish of size 'l'. To obtain Nl, the values of 

the constant (A4) are needed. In most instances these constants are not known 

and only relative values for numbers of fish in each length group can be obtained. 

Equation 8 was modified to account for the vulnerability of the whole set of nets 

(Figure 13); since the fishing effort with each mesh size was the same. The total 

catch of fish of size 'L(cL), is the sum of the catch in each individual net (elm), 

Thus: 

( 9 ) 

Where 

f(l) is the sum of f(L,m) over all mesh sizes used. 

The relative vulnerability coefficient 
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C(L) = LO.8 . f(L) 

was scaled 1 for a particular fish size (Figure 13) (in my calculations, an 11 

cm-Iong fish) by dividing with the constant Vex f(y). This scaled coefficient 

equals 1 for length (L) and 'y' regardless of the value of power function of the 

swimming speed. 

The corrected size distributions were obtained by dividing the catch of 

each length group by the relative vulnerability coefficient. The relative 

vulnerability coefficient was calculated for the midpoint of that length group. It 

assumes that the probability of any fish encountering the net is equal ( Figure 

15) and that the probability of encountering the net is proportional to the 

swimming speed (Figure 16). According to Rudstam et al. (1988) total 

corrected size distribution is catch per unit effort (CPUE) in all nets. 
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RESULTS 

During the fishing trials, a total of 30 species were caught (Table 17). 

Catla catla dominated the fishery (18% of the total weight). Labeo rohita made 

up 15% of the catch by weight, Mystus species (predatory fish) 12%, Cirrhinus 

mriga/a 1.3% and Cirrhinus reba 4.3%. Smaller non-marketable fishes like 

Ambassis nama (5%), Ambassis ranga (4%), Crossocheilus /atius (4%). 

Sa/mostoma species (10%) and Puntius species (10%) were also represented in 

the catch. Other fishes of economic value like Labeo ca/basu, Labeo 

microphthalmus and Tor putitora occurred in very low numbers. Major 

predatory fishes like Mystus seengha/a (11.5%), Mystus oar (0.3%), Gagata 

cenia (0.8%), Wal/ago attu (0.6%) and Eutropiichthys species (0.1 %) were 

also present in the samples. 

Indigenous fishes from 245 to 260 mm were mostly 1-2 years old, while 

those 261-605 mm long were 3-4 years old. Fishes larger than 606 mm were 

older than 4 years old. Curves depicting the absolute values of length and weight 

at age (Figures 7 and 8) show that Cat/a catla and Labeo rohita were larger and 

older than were Cyprinus carpio and Cirrhinus mriga/a. 

The length frequency distribution of gill net catches (Figure 9) were used 

in my model to calculate vulnerability. The regression between length and girth 

and mesh perimeter (Figure 10) was used to develop type B vulnerability curves 

for different nets. Figure i 1 is the type A vulnerability curve (i.e., graph of 

vulnerability versus fish sizes for a given mesh size) plotted against the length 

of the fish derived by applying the type B vulnerability curve (i.e., graphs of 
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Table 17. Fish species (length, weight, age and sex) caught in experimental gill nets, twine 
thread nets and four commercial gill nets at Mangla Lake (Pakistan). 

LENGTH RANGE WEIGHT RANGE AGE RANGE SEX RATIO PROPORTIONAL 
OFTHETOTAL 

SPECIES (cm) (grams) (years) Mnle:Female (%) 

Ambassis nama 4.0-9.0 3.5-5.0 2.0: 3.0 5.40 
2 Ambassis ranga 5.0-9.5 2.0-10.0 1.0 : 4.0 4.40 

3 Barilius vagra 
4 Calla calla 75.0-95.0 8.5-39.7 4.0-10.0 3.0 : 2.0 18.00 
5 Cirrhinus mrigala 45.0-70.0 1.0-3.0 2.0-5.0 1.0 : 2.0 1.30 
6 Cirrhinus reba 23.0-32.0 0.1-0.27Kg 1.0 : 2.0 4.30 
7 Chela gora 12.0-20.0 15.0-50.0 1.0 : 4.0 0.20 
8 Crossocheilus lalius 10.0-17.0 3.0-22.0 2.0-6.0 1.0: 5.0 4.20 

9 Cyprinus carpio 25.0-41.0 0.2-1.7Kg 1.0-4.0 1.0 : 3.0 3.10 
1 0 Euttropiichlhys spp 3.0 : 2.0 0.10 
1 1 Gagala cenia 1.0 : 3.0 0.80 
1 2 Labeo calbasu 26.0-37.5 1.0-4.0 1.0-3.0 3.0 : 1.0 2.10 
1 3 Labeo gonius 30.0-41.0 1.0-2.5 1.0-4.0 2.0 : 3.0 0.60 
1 4 Labeo microphlhalmus 38.0-42.5 0.5-0.7 1.0-4.0 1.0 : 3.0 140 
1 5 Labeo rohila 55.0-72.0 1.5-4.0Kg 1.0-3.0 3.0 : 4.0 15.30 
1 6 Labeo sindhensis 37.0-41.0 0.5-1.5Kg 1.0-3.0 3.0 : 1.0 2.00 
1 7 Maslacembelus armalus 35.0-41.0 125.0-250.0 1.0-3.0 2.0 : 3.0 1.70 
1 8 Mystus seenghala 41.0-87.0 2.5·25.0 2.0 : 3.0 11.50 
1 9 Myslus oar 15.0-22.0 1.5·67.0 1.0-3.0 3.0 : 2.0 0.30 
20 Channa puncta Ius 15.0-32.0 0.6-2.5 2.0-4.0 1.0 : 2.0 1.30 
21 Ompok bimaculatus 14.0-28.0 16.0-30.0 0.10 
22 PUn/ius sophore 7.4-10.0 3.2-9.8 1.0-4.0 2.0 : 5.0 1.00 

23 Punlius sarrana 15.0-34.0 53.0-628.0 2.0-5.0 1.0 : 4.0 1 70 
24 Punlius liclo 6.0-9.4 1.5-9.5 1.0-9.5 2.0 : 3.0 3.30 
2 5 Salmosloma bacaila 18.3-19.9 17.0-52.0 1.0 : 4.0 4.50 
26 Salmosloma punjabensis 10.0-16.0 8.2-46.0 3.0 : 2.0 5.40 
2 7 Securicula gora 7.0-13.0 11.0-23.0 3.0 : 2.0 1.00 
28 Tor pull/ora 31.0-68.0 0.2-3.0 2.0-5.0 1.0 : 3.0 3.60 
29 Xenenlodon cancila 24.2-28.0 29.0-59.5 1.0 : 2.0 2.90 
30 Wallago attu 11.0-12.0 16.0-125.0 3.0 : 1.0 0.60 



Table 18. Size composition of major carps, taken with experimental gill nets 

and commercial gill nets. 

Fish size category Size Range Approximate Age 

(mm) (Years) 

Small 245-260 1 to 2 

Mediam 261 -605 3 to 4 

Large > 606 Older than 4 
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Figure 9. Size frequency distribution of fish caught in gill nets (10, 12, 17, 

20, 30 and 38 mm mesh size). 



79 

20 
38mm 

15 

10 

5 

10 

8 
30mm 

6 

4 

2 

12 
20mm 

.. 
J: 
C) 6 :s 
c:3 4 

J: 2 
CI) 

u: 12 
17mm .... 

0 10 
100 
(I) 8 Jl 
E 6 :s 
Z 

2 

12 

10 12mm 

8 

6 

4 

2 

20 
10mm 

10 

018Jl~l1~2~nTnT16TnTn~2TonTTnT2n4nTnTn2~8TnTn~3~2~~36~rr 
Total length (em) 



40 
38 

30 
~ 

~ 30 
0 - -t 

,., 
~ 20 l: 

I-
CJ 20 ~ ~ ~ 17 z 
w 
...J 

10 ~ ~ 
12 

...J 10 
<t 
I-
0 
I-

O~I------~----~------~----~------~-----r----~ 
0.09 0.11 0.13 0.15 0.17 0.19 0.21 

GIRTH TO MESH PERIMETER RATIO (G/P) 

Figure 10. Relationship between fish length and G/P ratio derived by linear regression 

for each mesh size (10, 12, 17,20,30 and 38 mm). 

0.23 

00 

o 



vulnerability versus mesh size for a given fish size) by adjusting each curve to a 

unit area. This type B curve was converted into a type A curve (Figure 11) 

because girth to perimeter ratio is a function of both fish size and mesh size 

(Hamley 1975). A typical gill net vulnerabilty curve for a mesh appeared to be 

bell shaped (Figure 11), falling to zero on both sides of the maximum. The mode 

corresponds to the optimum length or girth of the fish caught; width shows the 

selection range, and height describes how efficiently the mesh catches fish of 

optimum length or girth. The slope of the right side of each curve represent 

larger fish and the slope of the left side of each curve shows smaller fish 

captured in that particular mesh. The vulnerability curves for individual mesh 

size (10, 12, 17, 20, 30 and 38 mm) were derived by assuming that the 

probability of encountering the net for all sizes of fish is the same and that 

different sized fish swam with the same speed. Vulnerability was combined for 

the whole set of nets (Figure 12), the relative vulnerability coefficients and 

scaled to 1 for 11 cm long fish. 

Figure 13 is the vulnerability curves if it is assumed that the probability 

of encountering (P(E» the net is proportional to fish length to the 0.8 power 

(Le., larger fish swim faster). Here the relative vulnerability coefficients are 

again scaled to 1 for an 11 cm long fish for the whole set of nets. 

Figure 14 shows the changes in the sum of the relative vulnerability 

when the probability of encountering the net by different sized fish is constant or 

when the probability of encountering the net is proportional to the size of the 

fish. 

Figure 15 is the comparison of the corrected size distribution with the 

actual catch of different sized fish by gill nets assuming that probability of 
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encountering the net was constant and when assuming that the probability of 

encountering the net was proportional to the size of the fish (Figure 16). 
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DISCUSSION 

The growth pattern of fish in Mangla Reservoir varied from species to 

species (Naik 1986). The condition factors (well being) for Catla catla and 

Labeo rohila were excellent. The rapid growth seen in Calla calla and Labeo 

rohila, may be related to the availability of food. Conversely Cyprinus carpio and 

Cirrhinus mrigala grew slowly. Slow growth could be due to many factors such 

as lack of food or presence of other fish species. The predator Myslus seengha/a 

is abundant in Mangla Reservoir. Predatory fishes may also effect the growth and 

survival of the fingerlings of major carps. 

The majority of the fish were caught wedged on the body or behind the 

operculum. The range of the selection curve increased with mesh size (Figure 

11). This increase occurs because fish girth increases faster than fish length. 

The magnitude of difference between girth and length varies from species to 

species (Clarl<e and King 1986). These results are qualitatively in agreement 

with those obtained by authors who have estimated selection curves directly 

(Hamely 1972, 1975; Hamley and Regier 1973). However, it is not clear 

whether the relationship between girth and length provides a complete 

quantitative explanation of the results. 

Many authors have commented that a population that consists of long

lived fish all but rules out the use of short experimentation to determine 

management approaches. As Larkin (1972) stated, "the only alternative to 

experimentation . . . is the use of provisional hypothesis which are clearly stated 

and which make predictions. If the prediction is correct, the hypothesis is 

vindicated and retained; when it is incorrect, the hypothesis is revised and then 
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used as a basis for the next prediction." Many descriptive mathematical models 

in fisheries develop hypothesis by quantifying processes intuitively known to 

fisheries ecologists. For example, Beddington and May (1977) showed 

mathematically that the predictability of the catch tends to decrease as effort 

increases (Gulland 1978). However, the mathematical formulation of the 

problem led to the hypothesis that the variation in catch would be more 

pronounced for the harvesting strategy based on constant quotas than one based on 

constant effort (Beddington and May 1977). 

Hamley (1975) suggested that increasing efficiency of capture with mesh 

size could be explained by increasing mobility of older fish, and hence an 

increased probability of older individuals encountering the gear. My study 

confirms that the efficiency of a gill net at capturing larger fishes increases as 

mesh size increases (Figure 13). Many of the indirect methods used by fishery 

biologists for estimating vulnerability curves (reviewed by Hamley 1975; Pope 

et al. 1975) rely on assumptions that all mesh sizes are equally efficient at their 

optimum G/P ratio or length, and lor that the distribution width of each curve 

remains the same. My results support the conclusion of Pope et al. (1975), who 

advised, that such assumptions are not reliable, and that other methods should be 

used to adjust for gill net vulnerability. Hamley and Regier (1973) estimated 

that a set of vulnerability curves may apply to several lakes at a time, but that 

no single set of such curves can be accurate for all lal<es at all times. 

A correction for encounter probability based on swimming speed may not 

completely account for the increased capture efficiency for larger fish. Other 

factors such as daily activity patterns and lor differential habitat utilization of 

different sized fish may also be involved. 
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There are a number of limitations to the model used here. First, the 

model is not dynamic and does not take into account the progressive change in 

population structure over time, nor does it take into account population 

compensatory responses such as increased growth rates and maturation (Healey 

1975). Addition of these factors to the model and the use of different 

assumptions of permissible harvest and the number of fingerlings to be stocked 

each year and year classes that should be maintained would allow the development 

of better management models. Such a model may more accurately reflect the real 

vulnerability which would be experienced in the related commercial fishery. 

For example, mortality estimates can also be used to approximate vulnerability 

curves according to Jensen (1972) and Hamley (1975). Second, the mesh-size 

vulnerability model developed here, requires modification to incorporate the 

vulnerability of larger fish to the mesh sizes used by commercial fishermen in 

Mangla Lake. According to Hamley (1980), several authors have worked on the 

shapes of vulnerability curves, but the results are not yet clear. Third, the 

model has used an arbitrary scale of fishing intensity. Fishing intensity should 

be keyed to a field situation such as the number of gill nets per unit area. 

Recognizing these limitations in the model, the following are my 

observations and recommendations for the management of the fishery in the 

Mangla Lake. The model shows that there are a greater number of fish in the size 

class theoretically harvested by the commercial fishery nets (65-105 mm 

mesh) than are currently being harvested. It is this preponderance of large fish 

that led F.A.O. (1988) to conclude that this fishery is underutilized. There are 

two possible approaches to harvesting this surplus of large fish. The first 

approach is to increase the number of nets in the 65-105 mm mesh size that can 
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be set by commercial fishermen. The advantage of this approach is that it 

insures that fish in the smaller size classes are subjected to minimal disturbance 

by the nets, but that the number of large fish harvested will be increased. Going 

to larger mesh size allows fish to grow to the larger size even with the increase 

in the fishing intensity. If we use this approach, this increased effort must be 

carefully monitored to ensure that the reserves of old fish are not depleted below 

a sustainable level. 

The second approach to managing this fishery is to use a broader range of 

mesh sizes. Using a broader range of mesh sizes allows the harvest of some 

smaller fish. Harvesting some fish at a smaller size may reduce the number of 

fish entering the larger size classes. This approach must also be closely 

monitored to ensure that enough large fish are recruited to sustain the 

population. 

The critical elements in choosing between these two strategies is what is 

happening to the fish in the larger size class and what proportion of fish in the 

smaller size classes are lost to natural mortality and could be harvested. To 

understand ihese factors we need detailed jl)~ormation and more field studies. It 

is difficult to decide which of the two approaches discussed above is "best" for the 

fishery on Mangla Lake from the present data. However, it appears clear that 

both fishing intensity and mesh size must be controlled. Thus a systematic 

evaluation of the information recieved from mesh size regulations, together with 

length frequency distribution of the initial catch and its change over time, would 

provide the feedback upon which susequent management decisions could be made. 
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CHAPTER III 

ENHANCING fiSH CULTURE OPERATIONS: 

GROWTH OF CARPS FED THREE SUPPLEMENTARY FEEDS IN A 

COMPOSITE FISH CULTURE SYSTEM 

INTRODUCTION 

Polyculture is the husbandry of two or mOie fast growing species of fish in 

the same water. Ideally each species has different feeding habits thereby 

allowing maximum production per hectare of water. This system is called "mixed 

fish farming" or "composite fish culture" or "polyculture". Generally indigenous 

species such as CatJa calla (a surface feeder), Labeo rohita (a mid-water column 

feeder), and Cirrhinus mrigala (a bottom feeder), are stocked together in the 

Indian subcontinent. Intensive culture, including artificial feeding of these 

indigenous carps and fertilization of ponds has provided high yields of fish flesh. 

The key to successful polyculture is often artificial feeding. The chemical 

composition and nutritional value of various feeds in Pakistan have been worked 

out by Malik and Chughtai (1979), but increasing feed costs have led to renewed 

interest in the feasibility of using alternative ingredients. However, there are 

relatively few ingredients that can be used in fish feed because high levels of 

protein are required to meet nutritional requirements for amino acids and 

nonspecific nitrogen. Fish feeds made from materials indigenous to Pakistan have 

never been developed, but New (1987) proposed some ideas for feed 

formulations based on agricultural and animal by-products which are readily 
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available (Government of the Punjab, Department of Fisheries, 1989). A 

further complicating factor to the development of fish feeds based on local 

Pakistani resources is that fish require different foods based on species and 

season of the year. These factors have to be considered in fish culture because 

growth is a function of total food supply and metabolism of the fish (Hastings and 

Dickie 1972). Supplementary feeding to meet the specific needs of the fish 

generally cultured in Pakistan may be the key to the development of a successful 

aquaculture system (Halver 1972; Chow 1982; Pillay 1983; New 1987; 

Robinson 1990). It would be especially important if inexpensive materials 

could be used in supplementary feeds without decreasing efficiency in fish 

production. 

Three supplementary feeds developed in Pakistan were tested to ascertain 

nutritional composition, palletability and conversion efficiency in growth of 

carps in a typical polyculture system. The objective of the study was to test the 

feasibility of using a low cost, locally formulated supplementary feed to rear 

commercially important fish species in Punjab. 
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MATERIALS AND METHODS 

The study was conducted at the Punjab Fish Hatchery at Rawalpindi, 

Pakistan. Five earthen ponds of 0.012 ha each were used to conduct feeding 

experiments. A "control" pond of 0.044 ha was located nearby. Before the start 

of the experiment, all of the ponds were drained and the soils were sun dried. 

Soil samples from the bottom of the dried ponds were tested for soil quality 

(Table 19). Each pond was treated with lime and fertilized, as described below, 

to increase productivity. 

Liming 

Quicklime was applied to each pond (Hora and Pillay 1962) at a rate of 150 

kg/halyr. This level of application disinfects the ponds and maintains the pH 

below 9. Quicklime contains 98% CaD, and is less expensive to transport than 

limestone. However, it takes 2 weeks after treating with quicklime before fish 

can be added (Hickling 1962). 

Fertilization 

We added organic and inorganic fertilizers to each of the ponds. Organic 

fertilizer (cow manure) was applied at a cumulative rate of 12,000 kg/ha/yr in 

10 equal applications to each pond. Manure was placed in small heaps at the pond 

margins, to allow for gradual dissolution. Cow manure is the most extensively 

used fertilizer for fish culture in Pakistan. It provides a ready-made mass of 

organic matter and contains the necessary nutrients to stimulate plankton growth 

(Alikunhi 1956). 
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Table 19. Soil characteristics at the surface of the pond bottom and a depth of 0.3048 m in the 
substrate before treatment. 

Pond Depth Available K Available P Soil pH Organic matter Saturation 
(Inches) (ppm) (ppm} % % 

1 0 165 11 7.2 2.40 40 
12 165 5 7.3 0.35 33 

2 0 190 10 7.1 2.35 36 
12 180 12 7.3 0.55 34 

3 0 150 4 7.2 0.45 35 
12 150 4 7.4 0.05 38 

4 0 160 8 7.1 2.30 36 
12 150 12 7.3 0.50 35 

5 0 180 6 7.2 2.35 38 
12 180 6 7.3 0.60 34 

Control 0 165 10 7.1 0.74 36 
12 160 10 7.3 0.06 34 
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Diammonium phosphate (DAP) was used as an inorganic fertilizer, and was 

applied to each pond at a rate of 300 kg/halyr in 10 equal doses. 

Preparation of Supplementary Feeds 

Five ingredients (rice polish, wheat bran, maiz glutin, cotton seed meal and 

fish meal) were used to make the three supplementary pelleted feeds (Feed-1, 

Feed-2, and Feed-3) according to the methods described by New (1987). 

Nutritional analysis and nutritive values of the three feeds was conducted at the 

Poultry Research Institute, Rawalpindi and at the Nutritional Laboratory, 

National Agricultural Research Center (NARC) Islamabad (Tables 20 and 21) 

according to the methods described by Cullison (1979). 

Each feed had 25% total protein (TP) to ensure palatability, acceptability 

and digestibility, and to destroy toxins and inhibitors (Halver 1972). The feeds 

were extruded from a motor driven meat grinder to produce moist pellets 2-4 

mm in diameter. 

Stocking 

Each pond was stocked with fingerlings (8 to 10 cm) obtained by rearing 

hatchery produced fry of Labeo rohita; Cirrhinus mrigala; Catla cat/a; Cyprinus 

carpio; and silver carp, Hypophthalmichthys molitrix. These fish species grow 

rapidly, are generalist feeders, and readily accept supplementary feeds. The 

stocking ratio was 2 Labeo: 1.3 Cirrhinus : 1 Cat/a: 1.3 Cyprinus: 1 

Hypophthalmichthys based on the estimated total number of 6,000 

fingerlings/ha (Jhingran 1982) (Table 22). Seventy two fish were stocl<ed in 

each experimental pond, and 265 fish were stocked in the control pond. 
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Table 20. Chemical analysis of the five ingredients used to make three different pelleted feeds. 

Feed ingredients {l2ercentage} 
Chemical analysis Rice Polish Wheat bran Maiz glutin meal Cotton seed meal Fish meal 

Dry matter 90.70 91.40 90.40 92.20 90.00 
Moisture 09.30 08.60 09.60 07.80 10.00 
Crude protein 13.12 14.40 28.00 46.37 57.75 
Crude fat 02.10 03.40 02.10 04.20 10.60 
Crude fiber 09.80 13.40 07.20 04.40 02.00 
Total minerals (ASH) 12.80 05.20 08.60 07.20 28.80 
Calcium 01.70 01.47 02.20 01.85 04.45 
Sodium 00.70 00.80 00.11 00.12 00.85 
Potassium 00.46 00.59 00.58 00.58 00.30 
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Table 21. Chemical analysis of three pelleted feeds. 

Chemical Feed-1 Feed-2 Feed-3 
Analysis % % % 

Dry Matter 90.00 90.40 90.80 
Moisture 10.00 09.60 09.20 
Crude Protein 26.00 28.89 27.12 
Crude Fat 07.80 06.00 06.00 
Crude Fibre 07.60 08.00 06.00 
Total Minerals (Ash) 13.40 13.60 14.00 
Calcium 01.96 01.99 02.60 
Sodium 00.39 00.39 00.39 
Potassium 00.53 00.53 00.43 
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Feeding Trials 

Fish in each of two ponds received Feed-1 (pond 1 and 2) and Feed-3 (pond 4 

and 5). Feed-2 was fed to fish in a single pond (pond 3). Fish in the control 

pond received no feed. All feeds were applied at 5% of body weight over two daily 

feedings (morning and afternoon). Random samples (5 to 7 individuals) of fish 

from each treatment were made each month from April to December. Feeding 

rates were adjusted each month using the following equations: 

( 1) Mean weight of fish X total no. stocked = total biomass of 

stocked fish 

( 2) Total biomass of stocked fish X 0.05 = total weight of 

feed required/day 

Fish were fed at the same time and in the same area of the pond each day. 

Water temperature was recorded three times a day, and water level was adjusted 

daily. Fertilizers were applied every 2 weeks and water quality parameters 

(dissolved oxygen, pH, water hardness, alkalinity, C02 and secchi depth) were 

monitored (Table 23) twice a week. 
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Table 22. Stocking density and species ratio of carps used in experimental ponds. 

Fish species Species origin Stocking density Species Ratio Numbers in Numbers in 
~er 6,OOO/ha % Ex~.Pond Control Pond 

Gatta catla Indigenous 900 15 1 1 40 
(Thaila) 

Labeo rohita Indigenous 1800 30 22 79 
(Rohu) 

Girrhinus mrigala Indigenous 1200 20 14 53 
(Mori) 

Gyprinus carpio Exotic 1200 20 14 53 
(common carp) 

Hypophthalmichthys Exotic 900 15 1 1 40 
molitrix 

(silver carp) 

5 
f-L 



Table 23. Average water quality parameters in experimental ponds. 

Pond Dissolved oxygen Hardness Alkalinity CO2 Seeehi depth 
(mg/L) pH (mg/L) (ppm) (mg/L) (em) 

1 7.5 8 230 249 21 25 

2 7.3 7.2 228 225 29 25 

3 7.3 7.5 238 232 31 30 

4 7.2 7.3 236 234 29 29 

5 7.9 7.5 241 200 27 22 

Control 6.9 7.3 240 234 18 20 

~ 



RESULTS 

All ponds had loam bottoms (Table 19). The pH of the water used in 

experiments ranged from 7.2-8.0, with a total alkalinity of 200-249 ppm. 

Water quality of the ponds receiving feeds did not vary from that in the control 

pond (Table 23) except for slightly lower dissolved oxygen levels in the control 

pond. Feed ingredients (Table 20) were: 1) rice polish, 2) wheat bran, 3) 

maize gluten meal 4) cotton seed meal and 5) fish meal. Fish meal contained 

58% crude protein, 11 % crude fat, and 29% total mineral ash. Cotton seed meal 

had more crude protein than the other vegetable feeds. 

Chemical analysis of the pelleted feeds showed that Feed-1 had more crude fat 

(8%) than Feed-2 and Feed-3 (6%) but that Feed-2 contained the most crude 

fiber. Percentage of calcium was higher (2.6%) in Feed-3 than in the other two 

feeds, whereas potassium was higher (0.53%) in Feed-1 and Feed-2 than Feed-

3 (0.43%) (Table 21). 

Fingerlings showed a positive growth response to all three feeds. Growth 

rates for Hypophthalmichthys molitrix and Cyprinus carpio were good on all 

feeds throughout the culture period (Figures 17, 18 and 19). 

H. molitrix grown on Feed-1, Feed-2, and Feed-3 for 306 days reached 

weight of 564 grams, 628 grams and 986 grams, respectively. The average 

monthly gain in weight was 63, 70, and 110 grams, respectively. The weight 

gain of C. carpio over the entire culture period was 510, 442, and 537 grams 

for Feed-1, Feed-2, and Feed-3, respectively. The average growth was 57, 49 

and 60 grams per month, respectively. The maximum weight was obtained by 

fish fed Feed-3 (Figures 20, 21, 22, 23, and 24). L. rohita and C. mrigala 
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showed moderate growth on all three feeds but CaUa catJa showed low growth on 

all three feeds. 

There was little difference in the mean weights of C. calla and C. mrigala 

(19.25 g) or between C. mrigala and L. rohita (20.5 g). The exotic species C. 

carpio and H. molitrix (16 g) also differed little in mean weight. However, the 

mean weights of C. catJa were statistically different (p<0.001) than H. molitrix. 

The maximum mean weight gain with Feed-2 was 372 g for H. molitrix and 

347 g for C. carpio. The other species had minimal weight gain; 100 g for C. 

cat/a, 129 g for C. mrigala and 147 g for L. rohila. The difference in the mean 

weights of C. catla and C. mrigala was low (29 g) but was high (272 g) between 

H. molitrix and C. cat/a. 

There was a statistically significant difference (p< 0.001) in the growth rate 

of exotic and indigenous carps on Feed-3. The difference in mean weights 

between C. carpio and H. molitrix was small (29 g). Whereas, the difference in 

the mean weights between exotic species and indigenous carps was as high as 286 

grams. 

There were significcmt differences in the mean weight gain of exotic species. 

H. molitrix grew best on Feed-3. The mean weight gained was 399 g on Feed-3 

compared to 372 g on Feed-2 and 350 g on Feed-1. There were no significant 

differances in growth among feeds for this species. C. carpio had mean weights of 

333, 347 and 369 grams on Feed-1, Feed-2 and Feed-3, respectively. 

L. rohita showed mean weights of 136, 147, and 157 g on Feed-1, Feed-2, 

and Feed-3, respectively, C. mrigala showed mean weights of 116, 129, and 

148 g on Feed-1, Feed-2, and Feed-3, respectively. C. catla showed the worst 

106 



u; 
::i 
oct 
a: 
~ 
1-
l: 
(!J 

w 
:c 
w 
(!J 
oct 
a: 
w 
> 
oct 

800 

700 

600 

500 

400 

300 

200 

100 

0 

Catla 

········•······· Cyprinus 

Labeo •••• ....... . Cirrh 

Silver 

_ .................... --· .. ·-·· .... ······~·························• 

March Apr May 

... 
•········· .. ·· , . .. ,. 

,,~······ 

June July Aug Sep 

G = 2.028 (Catla); 2.871 (Labeo); 2.979 (Cirrhinus); 3.477 (Cyprinus); 4.014 (Silver) 

(G= lnstantenous rate of growth on seven months basis) 

Oct 

Figure 19. Growth of five species of fish on Feed-3. 

~ 

8 



growth (mean weight of 96, 100, and 113 g on Feed-1, Feed-2, and Feed-3, 

respectively) . 

Instantaneous rate of growth (G) on Feed-1 computed (Ricker 1975) on a 

monthly basis (Appendix-A) shows Catla catla grew faster (G= 0.843) during 

the period of April-May and slower dur~g September-October (G= 0.021). 

Labeo rohita grew faster during April-May (G= 0.676, 0.611) whereas growth 

slowed down during July-August and August-September (G= 0.111 and 0.124). 

Cirrhinus mrigala had fast growth during April-May, May-June, June-July (G= 

0.717, 0.556, and 0.610 respectively). Among the indigenous carps, the fastest 

growth was by Cirrhinus mrigala during March-April (G= 0.717) and the 

slowest was by Catla catla during September-October (G= 0.021). Among the 

exotic carps, silver carp grew fatests in the first three months (March-April, 

April-May and May-June) with G= 1.421, 0.784, and 0.808, respectively. 

Cyprinus carpio also showed fast growth during the first three months (G= 

1.361, 0.791, and 0.774). 

Instantaneous growth rate (G) was best for Cirrhinus mrigalon Feed-2 in 

the last three months (August, September, and October) G= 0.464, 0.254, and 

0.250 respectively (Appendix-B). Catla catla showed the best growth during 

April-May (G= 0.760) and slowest during August-September (G= 0.0211). 

Labeo rohita showed good growth during the first four months (G= 0.663 March

April, 0.614 April-May, 0.543 May-June, and 0.511 for June-July). 

Instantaneous growth rates (G) were fastest for silver and common carp during 

March-April (G= 1.838, and 1.399 respectively). 

The fastest growth for Catla calla on Feed-3 was during April-May (G= 

0.693) and slowest during September-October (G= 0.021) (Appendix-C). 
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Labeo rohita had the fastest growth during March-April (G= 1.038) and slowest 

growth during September-October (G= 0.030). Cirrhinus mrigaJa showed the 

fastest growth during first half of cultivation (from March-July) (G= 0.726, 

0.660, 0.511, and 0.537). whereas during the last two months growth rate was 

slower (G= 0.95 for August-September. 0.070 for September-October). Silver 

carp had better growth than the other fish species cultured. 
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DISCUSSION 

Artificial feeds are widely used in fish culture in the western world but have 

found little application in Pakistan. In Pakistan, fertilization with manure or 

inorganic fertilizers is the most common attempt made to augment production 

(Jhingran 1982). There is tremendous potential for the use of artificial fish 

feeds in this country because of abundant culture sites and the high demand for 

fish flesh for human consumption. Use of artificial feeds in fish culture in some 

Asian countries has resulted in production of 7-10 tons/hectare/year (Sinha 

1976). Obviously similar increases in production could be obtained in Pakistan 

with the use of the right artificial feeds. 

In my study, the effects of three feeds that have been developed in Pakistan 

were compared relative to their ability to increase the growth of three 

indigenous carps (Catla cat/a, Labeo rohita, and Cirrhinus mrigala) and two 

exotic carps (Cyprinus carpio and Hypophthalmichthys molitrix). Obviously the 

study would have been improved if these three feeds could have been compared 

with a prepared feed for which there is a long data history. However, such feeds 

are not consistently available in Pakistan and, when they are available, they are 

prohibitively expensive. Therefore, the study compared three feeds that have 

been developed in Pakistan and are readily available. 

Overall tile growth of indigenous carps was low on all three experimental 

feeds (Figures 17, 18, and 19). Production of these three species cultured 

separately has been shown to generally approach 4,000 pounds/ha (Chakrabarty 

et al. 1975). 
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The low production of indigenous species was especially noticeable with Catla 

catla. We obtained a maximal production of about 770 I<g/ha from this species, 

whereas Chakrabarty et al. (1975) reported average production of about 1 ,400 

kg/ha. We may have gotten better production from CatJa catla if we had not 

cultured it with silver carp. Silver carp compete for food with CatJa and grows 

much faster (Singh 1972). Silver carp are used in polyculture because they 

have the capacity to utilize natural foods (phyto and zooplankton) and because 

they produce a large biomass. If the rate of plankton production keeps pace with 

the rate of plankton consumption by silver carp, silver carp are a benefit to 

polyculture operation, if production does not keep pace with consumption, water 

soon have low levels of plankton and silver carp outcompete Catla for the food that 

is available. High enough natural plankton production to support both CatJa and 

silver carp can not be assumed in all ponds and reservoirs used for fish culture 

in Pakistan. 

In addition, silver carp have similar breeding requirements to the indigenous 

carps (Chaudhuri 1969). Silver carp have been found to breed in habitats as 

diverse as the Tone River in Japan and the Ah Kung Tian reservoir in Taiwan 

(Karamachandani and Mishra 1979). Although, the reproduction of silver carp 

has not been reported in Pakistan, it appears that it is probable if this species is 

introduced into the natural waters. Therefore, detailed biological studies of 

silver carp need to be undertaken before it is introduced. Similar conclusions 

have been reached in other studies by Alikunhi and Sukumaran (1964) and by 

Singh (1972). 

The exotic species grew much better in these experiments than did the 

indigenous species. Production of the exotic species approached the levels that 
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have been obtained in India on artificial feeds (Nandeesha et al. 1986, and 

Nandeesha and Murthy 1988). These data are important because they show that 

it is possible to culture these two species in Pakistan using feeds made from local 

ingredients that are readily available. Silver carp and common carp are widely 

used in Asian fish culture because they grow well under virtually all conditions 

and because of their resistance to disease and the stresses caused by low water 

quality. 

None of the feeds used allowed the indigenous species to obtain the kind of 

production that has been reported in India (Nandeesha a et al. 1986, 1989). In 

fact there is no evidence that the feed differentially benefited any of the native 

carps. Data from previous polyculture of these indigenous species (Nandeesha 

and Murthy 1988) shows the production of Catla and Labeo to be intermediate to 

that of common carp and that of Cirrhinus to be the lowest. These same 

relationships were also shown in my data. Obviously, there needs to be additional 

work done to improve feed formulations prior to the initiation of wholesale use of 

any of these feeds for culture of indigenous species. 

The best overall production was obtained with Feed-3 in these experiments. 

In addition, each of the species had their highest production on this feed. Jayaram 

and Shetty (1980) reported the best growth of Catta and common carp with a diet 

containing non-deoiled silkworm pupa and attributed increased growth to higher 

fat levels in the feed. My data do not support this conclusion. Feed-1 had the 

highest fat content but Catla and common carp showed the lowest growth on this 

diet. 

The poor growth rates of indigenous carps on all of the diets is probably the 

result of nutrient imbalance in the feeds. There is evidence to suggest that the 
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metabolic response to each feed differs by species. Catla and common carp fed 

silkworm pupa and fat had lower body protein and higher fat levels than silver 

carp and Labea reared on the same diet (Nandeesha et al. 1989). Nandeesh et al. 

(1989) also reported good growth in Labea but poor growth in Catla reared on 

silkworm fecal matter. 

It is commonly recognized that some species require feeds specifically 

formulated for their metabolic needs; notice the plethora of specially formulated 

catfish and trout chows on the European and American fish culture market. In 

Pakistan such feeds are not available and their development does not appear to be 

a high priority. Also, the nutrient requirements of the indigenous carps are not 

well understood. Development of a program to formulate fish feeds (species 

specific formulations) based on locally available material and to test the 

effectiveness of these feeds on fishes indigenous to Pakistan should be a high 

priority for those involved in the fish culture industry in Pakistan. 

RECOMMENDATIONS FOR FURTHER STUDY 

Significant growth of fish can be achieved if a greater proportion of 

Pakistan's available waters are brought into fish production. But to approach the 

type of production increase that is needed, greater scientific, technological, and 

social strides must be made. The following steps would be helpful: 

1 ) The ecological niches of the various cultured carps must be better 

understood, so that pond stocking and management can be carried out on a more 

rational basis. 

2 ) Nutrient requirement of all ages of cultured carps should be studied. 
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APPENDIX A. INSTANTANEOUS RATE OF GROWTH (G) ON MONTHLY BASIS FOR 5 SPECIES 
OF FISH ON FEEO-1. 

SPECIES 

Month Catla Labeo Cirrhinus Common Silver 

April 0.215 0.534 0.336 1.361 1.421 

May 0.843 0.676 0.717 0.791 0.784 
June 0.377 0.611 0.556 0.774 0.808 

July 0.047 0.488 0.61 0.087 0.474 

August 0.227 0.111 0.179 0.226 0.201 

September 0.036 0.241 0.251 0.012 0.107 

October 0.021 0.124 0.185 0.134 0.073 

..... 
to 



APPENDIX B. INSTANTENOUS RATE OF GROWTH (G) ON MONTHLY BASIS FOR 5 SPECIES 

OF FISH ON FEED-2. 

SPECIES 

Month Calla Labeo Cirrhinus Common Silver 

April 0.365 0.663 0.511 1.399 1.838 

May 0.760 0.614 0.751 0.815 0.791 

June 0.241 0.543 0.664 0.574 0.478 

July 0.142 0.511 0.110 0.323 0.415 

August 0.214 0.173 0.464 0.137 0.163 
September 0.021 0.253 0.254 0.091 0.137 
October 0.213 0.139 0.250 0.126 0.082 
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APPENDIX C. INSTANTANEOUS RATE OF GROWTH (G) ON MONTHLY BASIS FOR 5 SPECIES 

OF FISH ON FEED-3. 

SPECIES 

Month Catla Labeo Cirrhinus Common Silver 

April 0.470 1.038 0.726 1.537 1.861 

May 0.693 0.333 0.660 0.766 0.847 

June 0.318 0.505 0.511 0.668 0.482 

July 0.167 0.537 0.432 0.197 0.386 

August 0.109 0.213 0.485 0.109 0.148 
September 0.249 0.214 0.095 0.121 0.159 
October 0.021 0.030 0.070 0.079 0.131 

~ 
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