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ABSTRACT 

Climate change is a reality. It is impacting life and support systems on 

earth. It is a formidable challenge faced by human beings in recent times and is 

impacting holistically ecological processes in lithosphere, hydrosphere, atmosphere 

and cryosphere. Hydrosphere, in particular the freshwater ecosystem has relatively 

been impacted more. Kalpani ecosystem being an urban stream and life line of 

Mardan and Nowshera districts has been rendering invaluable ecological services. 

It has been subjected to every sort of use and abuse and so profoundly exhibits the 

impacts of climatic changes. The impact, of climatic changes primarily variation in 

temperature and precipitation influencing the water discharge, on PCFs and fish 

fauna was investigated in detail from February 2007 to November 2008. 

 

To assess and evaluate the impact of climatic changes Kalpani stream was 

divided into 10 zones. Standard materials and methods were adapted for fish 

sampling, water sampling and data analysis. Sampling resulted in collection of 31 

fish species belonging to 9 families. The fish species caught were grouped as per 

the research design into: Cyprinid - Crossocheilus latius, Tor putitora, Baralius 

modestus, Baralius vagra, Baralius pakistanicus, Puntius chola, Puntius Ticto, 

Puntius sophore, Puntius terio, Puntius vittatus, Salmostoma bacaila, Garra 

gotyla, Labeo dyocheilus, Labeo dero, Aspidoparia morar, Danio devario, Chela 

laubuca, Carassius auratus; and, Non Cyprinid - Triplophysa naziri, Schistura 

microlabra, Acanthocobitis botia, Mystus bleekeri, Mystus cavasius, 

Heteropneustes fossilis, Oreochromis mossambicus, Channa punctata, 

Glyptothorax naziri, Glyptothorax punjabensis, Ompok pabda, and Mastacembelus 
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armatus. Water sampling for 21 pxxiiysicochemical factors (PCFs) was carried 

out. To establish relationship between fish species and PCFs data was subjected to 

statistical analysis using Minitab 14 and CANOCO 4.5 computer software. To 

draw future scenario of water discharge data was extrapolated to generate scenario 

of 2025 using cftool of matlab computer software. 

 

Under the winter scenario most number of Cyprinid fish (39.18%) were 

caught in zone 10, followed by zone 9 (24.75%) with less number of fish caught 

(0.68%) in zone 3 and 5, while under summer scenario most numer of Cyprinid 

fish were caught (32.03%) in zone 10 followed by zone 9 (13.94%). Under winter 

scenario most number of non Cyprinid caught were caught in zone (35%), 

followed by zone 9 (23.75%), no fish was caught in zones 4, 5 and 6, while under 

summer scenario most numner of non Cyprinid fish caught were from zone 10 

(32.21) followed by zone 9 (20.52) while in zones 3 and 4 less number of fish 

(1.04 in each) were caught. The results reveal that fish biodiversity and catch 

increases from north to south with maximum found in Risalpur and Nowshera 

zones alluding to optimum environmental conditions. Tor putitora a fish of high 

commercial value was found in all the zones, any improvement either at species 

level or population level of Tor putitora would be an indication of improvement in 

the environmental conditions of Kalpani. The results suggested that parameters like 

temperature, DO, altitude, turbidity and TSS have direct impact on the 

assemblages‘, composition, abundance and distribution of fish species. The 

regression analysis of intrarelationship suggested that Temperature, DO, altitude, 

total hardness, sulphates, conductivity, Fe and Ni, and Zn; Turbidity, conductivity 
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and TSS had strong intrarelationship and significantly reduc lethality of pH. The 

degraded surface water values are close to threshold values of WHO and NEQS for 

Pakistan. In comparison to the study conducted by IUCN, (1994) the stream has 

deteriorated to a very high degree; results of heavy metals results were devastating. 

DO showed improvement in its status plausible reason for which could be the flash 

floods occurring since mid 1990s. The species environment relationship had been 

explained through Canonical correspondence analysis (CCA). The first two axis of 

the CCA ordination i.e. CC1 and CC2 explains the species-environment 

relationship clearly and accounts for 77.9% of the variation in the weighted 

average of 19 Cyprinid fish species with respect to summer environmental 

variables and 80.37% for Non Cyprinid. The first two axis of the CCA ordination 

i.e. CC1 and CC2 explains species-environment relationship clearly and accounts 

for 77% of variation in the weighted average of 19 Cyprinid fish species with 

respect to environmental variables and 76.6% for Non Cyprinid under winter 

scieario for example. The water discharege projections suggest that in 2025 

Kalpani freshwater ecosystem would experience increase in the duration of very 

low flows due to variation in precipitation in view of increase in global warming, 

the fish fauna would be facing local extinction e.g., the endemic fish species with 

weak tolerance range in response to certain environmental factors. The overall fish 

production may not drop appreciably but the diversity would be low. To verify the 

results of future water discharge scenario met data from three meteorological 

stations having influence on the Kalpani stream analyzed was found consistent 

with the findings of the water discharge data (both current and projected). If the 

current trends of both meteorology and water discharge hold true then the future 
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scenario will be one of low flows as has been projected. Non-climatic changes like 

sand mining and gravel extraction operations were observed to be highly 

unsustainable and will have serious affect on the groundwater recharge quality of 

Kalpani stream and result in loss of precious habitat. Zones like Gujar Garhi, 

Baghdada, Hoti and Chowki Nisar are already heavily degraded, under the sand 

mining and gravel extraction besides pollution. 

 

Declared on the basis of scientific evidence as the 2
nd

 most dirty tributary 

of Kabul River system in 1992-93 the stream is dirtier than ever and the day is not 

far away when it will ecologically die under increasing natural and anthropogenic 

stressors unless drastic measures at the government and societal level are taken. 

Declared as ―biological assets freshwater ecosystems are both disproportionately 

rich and disproportionately imperiled‖, and on the basis of data generated and 

collected for the study Kalpani stream fully vindicates the statement. It can be 

stated with high degree of confidence that Kalpani stream is imperiled and is 

dying. The impacts described are based on projected GHGs that will double by the 

end of this century and an improvement in the situation keeping in view the track 

record of the parties to the Kyoto protocol seem highly unlikely. Thus, it is 

incumbent upon KPK to focus on adaptation strategies to protect and conserve 

freshwater resources based on carefully conducted targeting research program. 

This puts to the front that more research focused on the freshwaters is needed to 

enable the policy level and decisions makers to take appropriate measures to save 

their biological assets for future generations. 
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Chapter 1 

INTRODUCTION 

1.1. CLIMATIC CHANGES 

Climate change is affecting life and supporting systems posing the most 

formidable challenges facing mankind across the globe. The interaction of 

atmosphere, lithosphere and hydrosphere regulates earth‘s surface temperature 

resulting in what we know as ―climate‖. Climate represents day to day changes in 

weather of a place. When these changes are observed over time scale of years to 

decades they become climatic variability and decades to century‘s climate change. 

It is believed that anthropogenic activities such as fossil fuels burning; land use 

changes; etc have increased these changes (Hengeveld, 1995). 

 

Climate change started with the first inch of the land tilled and with the first 

stone laid for the construction of the first house from the time immemorial. 

Peruvian fishermen were the first to document the El Niño phenomenon centuries 

ago, probably the first documentation of climate change, when instead of catching; 

they saw dying anchovy fishes on the beaches. Some of the factors and/ or their 

combinations which cause climate change include: variations in solar radiation; 

variations in the earth‘s orbit; the location of continents and oceans; volcanic 

activity; land use changes; surface and atmospheric albedo; and atmospheric 

composition.  These factors operate in combination and at different time scales. 

One of the major root causes of rise in the average surface temperature and 

subsequent climate change is Global warming. This is due to Green House Gases 

(GHGs). In the phenomena of greenhouse gas effect, solar radiation at short
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wavelengths between 0.15 m and 5 m with an average of 342 watts heats each of 

the square meters of the earth surface all year long (IPCC, 2001b), one-third of 

which is reflected at longer wavelengths of 3-50 m (IPCC, 1994) and of the 

remainder 168 watts per square meter is absorbed by ocean, ice surfaces and land 

with a small portion absorbed by atmosphere (IPCC, 2001b). The part of the 

radiation reflected back as longer wavelength is trapped by atmospheric gases 

mainly – water vapor , carbon dioxide, ozone, methane, nitrous oxide, and clouds 

(Benarde, 1992) just like the greenhouse effect  - ―transparent‖ to incoming short- 

wave radiation, but ―opaque‖ to outgoing infrared radiation, maintaining a desired 

level of heat in the green house and works as an insurance for life on earth 

elevating the earth surface temperature to about 33 °C (15 °C) which otherwise 

would have been -18 °C (University of Cape town, 1999). The concentrations of 

these gases in atmosphere e.g., have shown unprecedented increase since the 

beginning of pre-industrial age in 1750. A comparison of the past, present and 

future in case of CO2 emissions show that the situation is worsening and will 

continue in times to come (Appendix 1). 

 

The CO2 over the last 650,000 years show nearly 30% increase. Similarly 

methane has increased twice from 715 ppb to 1732 ppb in the early 1990s to 1774 

ppb in 2005 and nitrous oxide by about 15% i.e. from 270 ppb to 319 ppb in 2005. 

More than one third of all N2O is mainly contributed by agriculture. In addition 

average content of water vapor and Chlorofluorocarbons in atmosphere has 

increased since 1980s. It is however worth mentioning that carbon dioxide has a 
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life span of 50-200 year, Methane 10-12 years, Chlorofluorocarbons 100, 00 years 

and Nitrous oxide 150 years (IPCC, 2007). 

 

These phenomena over the years especially in the industrial and post 

industrial periods have resulted in rise of sea level by about 1.8 mm per year from 

1961-2003 and unprecedented rise in average temperature by about 0.74 °C from 

1906-2005 (12 years during 1995-2006 were the warmest on record so far ) with 

the result that cold days and nights have decreased in numbers, frequency of 

extreme events such as flooding, droughts, dry spells, hailstorms, spread of disease 

like cholera, malaria etc will increase. Anthropogenic activities though 

contributing to the climatic changes is also producing substances called Aerosols 

(nitrate, black carbon, organic carbon, dust, sulphates) produce a cooling effect 

(IPCC, 2007). The situation has become more complicated with presence of weak 

legislation on water law and policy, the knowledge which does not match the 

formidable challenge of climate change and the impact on freshwater resources. 

 

1.2. FRESHWATER ECOSYSTEM 

The global water budget presents a very interesting picture. Of the 100% 

water on globe 97.406% of water is seawater and is undrinkable, 2.594% is 

freshwater, of which 0.014% is in the biosphere (0.008% is in lakes and 0.005% in 

soils) and 2.58% (1.97% is locked in glaciers and 0.61% in groundwater), so only 

0.624% of the freshwater is available to the whole of humanity. More than 60% of 

the 0.624% freshwater is possessed by Indonesia, US, India, Columbia, Brazil, 

Russia, Canada, Democratic Republic Congo and China indicating its uneven 
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distribution. Due to unsustainable water withdrawals about half of world wetlands 

have been lost (Carpenter et al., 1992). This has resulted in threatening of more 

than 3,500 species of which 25% are fish and amphibians. 

 

Huge quantities of waters from all sources including surface and ground are 

extracted by human beings to address its needs at the cost of vital benefits that 

freshwater ecosystem renders on sustainable basis. However awareness is growing, 

that functionally intact and biologically diverse freshwater ecosystems provide 

many economically valuable commodities and services. The commodities and 

services are: regulatory (essential ecological processes and life support systems 

including climate, water supply, soils, waste treatment etc); Habitat (maintenance 

of  biological and genetic diversity); production (food, fiber, shelter, fuel, fodder, 

genetic resources, ornamental resources, etc); and Information, aesthetic, and 

spiritual functions (opportunities for reflection, relaxation, communion with nature, 

recreation, tourism, cultural and artistic inspiration, connection to history and 

heritage, scientific education, etc). Only intact ecosystems can face challenges like 

climate change to ensure the sustainable provision of these commodities and 

services. Global experience show that once degraded these benefits are next to 

impossible to be replenished. It is therefore absolutely essential that any 

deliberations involving water budgeting should always keep provisions for 

maintaining the integrity of freshwater ecosystems as these are often ignored in 

economic planning and decision making. It would be in the benfit of all 

stakeholders and freshwater ecosystem that in the decision making and policy 

formulation their voices are heard. 
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1.3. HYDROGRAPH OF KALPANI AND KABUL RIVER SYSTEM 

The river system of Khyber Pakhtunkhwa (formerly called NWFP) is part 

of one of the river systems of Pakistan i.e. the Indus drainage, Balochistan, coastal 

drainage and land locked river system (Rafique, 2001). Indus the largest of the 

three systems is the Indus drainage system which originates from Kailas range in 

western Tibet (China). The running length is some 2900 kilometers and has an 

average discharge of 5.6 x 1000 m
3 

sec-1 and drainage area of some 1,165,500 

km3 (Wellcome, 1985). On its way it receives drainage of rivers Jehlum Chenab, 

Ravi, Sutlej and Beas. River Kabul joins the Indus River system on the western 

side near Khairabad. The general flow pattern of all the rivers is the same. All the 

rivers and streams originate from higher altitude receiving higher precipitation and 

are mostly turbid and torrential, having cold waters and rocky beds with low 

microhabitat diversity. The river channels are comparatively broad and large as 

many side streams join the main channel with a gradual increase in the average 

temperature of water, which results in transitional water regime, between cold 

upstream and warm downstream waters. In the plain areas the Rivers are slow, 

warm and wide with wider variation in available microhabitats. According to 

Gresswell and Huxley (1965) and Fazl-i-Hadi, et al. (1988), the Kabul River 

originates from the base of Unai Pass in the Paghman mountains in Afghanistan. 

Flowing east along the northern side of the Safed Koh range it passes Kabul 

approximately 72 km from its source, to its confluence with the Logar River. It is 

joined by the Kunar River below Jalalabad. 
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The Chitral River originates in the Hindu Kush Mountains in Pakistan. At 

Arandu in Chitral, it enters Afghanistan and is joined by a branch from Nuristan; 

where it is named the Kunar River. The Kunar joins the Kabul River near 

Jalalabad. The Kabul River enters Pakistan at Shalman in the Khyber Agency. It 

then flows through the Khyber and Mohmand Agencies flanked by the Koh-i-

Sufaid Mountains until it reaches Warsak Dam. Below the dam it is diverted into 

several canals and divides into the three main distribution channels which irrigate 

the Peshawar, Charsadda and Nowshera districts, before joining the river Indus at 

Kund. The three branches of the river from the south to north are Shah Alam, 

Naguman and Adezai. The main tributaries of the Kabul are Chitral River, Swat 

River, Bara River and Kalpani stream (sometimes called nullah). The soil type, 

land use, riparian conditions, variation in topography and presence of lakes and 

other wetlands can result in a wide range of water quality conditions which can 

potentially control the distribution of different fish species in different areas (Koel, 

1997). Variation in altitudes (very cold waters in upper reaches and warm water in 

the lower reaches and at sea level), beds (rocky to gravely, sandy and muddy), 

along with different types of partially or completely stagnant water bodies makes 

available all possible environmental gradients in the fresh water system of Pakistan 

and Khyber Pakhtunkhwa (KPK) and imparts unique distributional patterns to the 

fish fauna. For effective conservation and management of the biotic resource the 

understanding of the relationship between fishes and their habitats is important. 

Variation in the available habitat conditions can potentially influence feeding, 

reproduction and survival of fish fauna by affecting their physiology, behavior and 

genetics (Shoener, 1974; Southwood, 1977). 
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Kalpani stream is the life line of Mardan and part of Nowshera districts. It 

is a second order stream and is formed by the confluence of Kalpani minor nullah 

which originates at an approximate height of 1520 feet at 34
o
31‘48.39‖ N 

72
o
11‘22.5‖ E in Malakand agency and Landi khwar near Chanchanokhat district 

Mardan. It flows from north to the south. Kalpani stream lie between coordinates 

34
o
31‘48.39‖ N 72

o
11‘22.5‖ E and 34

o
30‘49‖ N, 72

o
5‘9‖ E and has a catchment 

area of 2725 square kilometers. It has an approximate length of around 110 

running kilometers from its origin and around 54.87 kilometers from 

Chanchanokhat to its confluence with Kabul River near Pirsabaq, Nowshera. On its 

way to confluence with Kabul River it is joined by Bagyari khwar coming from 

Dargai near Khan Garhi, Muqam nullah coming from Sudham valley and Naranji 

Khwar from the Narangi hills near Ghala Dhair and Murdara drain near Rashkai. 

Besides it is augmented from the bifurcation of Machai and Abazai branches of 

Swat canal at Jabbon. The stream shows altitudinal variation of 279 meters at 

Kandaro Nowshera to 316 meters at Chanchanokhat (the study area) (Figures 1.1 

to 1.3). 

 

Recognizing water quantity, quality and availability issues as critical, they 

were made part of the agenda 21 of the United Nations Environment Program 

(IPCC, 2001). From the availability point of view the countries will suffer 

occasionally where annual per capita water use exceeds about 1,700 m
3
, taking this 

as a threshold, countries whose renewable water availability falls to 1,000 m
3
 will 

begin to experience periodic water shortages, below this level countries will 

experience chronic water stress, and the situation of below 500 m
3
 will be scarcity 
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Figure 1.1: Kalpani stream at a glance 

Source: Flood forecasting division Lahore, Pakistan Meteorological department. 
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Figure 1.2: Sketch of the main Kalpani stream and its tributaries 

Source: Flood forecasting division Lahore, Pakistan Meteorological department. 

 

Figure 1.2: Sketch of the main Kalpani stream and its tributaries 

Source: Flood forecasting division Lahore, Pakistan Meteorological department. 
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Figure 1.3: Catchment area of Kalpani stream 
 

Source: Pakistan Meteorological department Islamabad, Pakistan 
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 of water, disrupting economic development and ultimately human well being. 

Pakistan is close to being water scarce country as it currently stands at 1100 m
3
 / 

capita / year (Appendix 2 and 3). 

 

Around 60% of life support systems are being degraded which will result 

e.g., shifts in regional climates, collapse of fisheries, (MEA, 2005), hitting the 

poorest the most. The report says ―The impact of climate change on water 

resources depends not only on changes in the volume, timing, and quality of stream 

flow and recharge but also on system characteristics, changing pressures on the 

system, how management of the system evolves, and what adaptations to climate 

change are implemented. Non-climatic changes may have a greater impact on 

water resources than climate change‖. The report says that global water abstraction 

will increase between 20-85% during the period 2000-2050. For species the 

freshwater ecosystems which are situated near the current temperature limits would 

be of less importance where they will face extinction (at least locally) in 

comparison to the ones lying closer to minimum temperature limits (Thomas, 

2004). 

 

1.4. FISH FAUNA 

Every ecosystem particularly freshwater are under increasing stress 

resultantly one fourth of the freshwater fish species are on the verge of extinction 

(IUCN, 1994). The loss of habitat and species due to dams, pollution, overfishing, 

land use change, associated changes in runoff and more so climate change etc is 

comparatively far greater in freshwater ecosystems. 
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The whole of fish fauna belongs to South Asian sub region of the oriental 

region though Puntius spp, Heteropneustus fossilis and Channa punctata have 

been extended to it from Indus plains. Several attempts have been made to describe 

the fish fauna of Kalpani but their presence and distribution throughout the length 

of the water in relation to the environmental factors have hardly been attempted. 

To achieve this objective a model will be evolved which may become a baseline 

and will be applied to similar water bodies and with required modification to larger 

water bodies. Efforts have been made to make the model replicable and upscalable. 

The fish fauna of Kalpani and its tributaries have been studied at different times 

and places: Day, 1871-72, 1880, 1889; Hamilton, 1822; Hora, 1933; McClelland, 

1839, 1842; Ahmad and Mirza, 1963, (43 spp from Peshawar and  Mardan); Sufi, 

1963 (added 3 more spp); Mirza, 1973a (added 9 more to the list); Mirza, 1975; 

Ahmad, et al. 1976; Butt, 1976; Butt, 1979 (described 27 spp from Mardan adding 

18 more to the list of Mardan and  11 to the Peshawar vale list); Mirza, 1980; Butt 

and  Mirza, 1981 (increased the list to 54 adding another 16 new spp); Mirza, 

1990; Mirza, 1993; Mirza, 1994; Rafique, 2001; Mirza, 2003; Rafique, 2007.  

 

1.5. PHYSICOCHEMICAL FACTORS (PCFs) 

Besides other factors PCFs play an important role in the fish fauna, its 

distribution, composition, assemblages‘ and productivity of a water body. 

Knowledge of the status of the PCFs is absolutely crucial for conservation and 

management of water bodies. The studies carried out on the freshwater ecosystem 

of Kalpani on different occasions include Butt, 1989; Akbar, 1992; Yasmin, 1992; 

Gul, 1992; Ali, 1992; Zubair, 1993; IUCN, 1994; Rafique, 2007. Some of the 
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similar works carried out on other water bodies at different times which can be 

compared with current work is: Baqai and Siddique, 1974; Bryan, 1976; Nazneen, 

1980; Badsha and Goldspink, 1982; Sadiq and Zaidi, 1984; Bianchi, 1985; 

Akhunzada, 1986; Diyar, 1986; Jan, 1986; Muzzafar, 1987; Ashraf and  Jaffer, 

1988; Daulatkhel, 1988; Jaffer et al. 1988; Kamran, 1988; Naeem, 1988; Abassi et 

al. 1989; Khan, 1989; Ashraf and Jaffer, 1990; Aziz, 1990; Sarwar et al. 1990; 

Shah, 1990; Marwat, 1991; Hasan, 1992; Jadoon, 1992; Khan, 1992; Jaleel and  

Jaffer, 1993; Paukert and  Zdenck, 1993; Gulfraz et al. 1997; Chowdhry et al. 

1997, 1998; Dewani et al. 1997; Qadir et al. 1997; Iqbal and Rizwan, 1997; Mastoi 

et al. 1997; Zafar and  Shah, 1997; Zahid and  Baig, 1997; Zakiullah et al. 1998; 

Zareen and  Saeed 1998; Salam and Rizvi, 1999; Ali et al. 2000; Salam et al. 2001; 

Gulfraz, 2000; Nazneen et al. 2000; Iqbal et al. 2004; Khawar et al. 2009. 

 

1.6. PROBLEM STATEMENT 

The Kalpani is an urban stream and as such is subjected to every 

conceivable use and abuse. The ecosystem of Kalpani provides invaluable services 

to the people of Mardan e.g., irrigation, waste disposal, relief from scorching heat 

of summers, recreation, fishing, fish production, disease regulation, waste 

recycling, soil formation, industrial waste disposal, ground water recharge, 

transportation, primary production, nutrient recycling, freshwater, climate 

regulation, food, water purification, education and a host of others. Growing 

population, industrial and municipal waste of Takht bhai, Mardan, Risalpur and 

Nowshera, agricultural runoff, growing human habitation, over fishing, 

unsustainable water abstraction etc are responsible for expanding the ecological 
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footprint on Kalpani stream. These are responsible for impairing the ecosystem 

functions i.e. supporting functions, provisioning functions, regulating functions, 

and information, aesthetic and cultural functions. There are already signs of the 

decreasing trends in providing the above mentioned ecosystem services and with 

the current trend will have a significant impact on the socio-economy and 

environment of Mardan and Nowshera. Though of crucial nature, to have a 

comprehensive knowledge of the freshwater ecosystems no organized concerted 

efforts have been made to carry out a limnological study of the water bodies across 

the country. The efforts made so far are fragmented, patchy, taking into 

consideration a few factors, mostly revolving around a few pollutants which do not 

portray full picture. This sort of basic information is absolutely necessary to 

monitor and evaluate the environmental health of the fresh water ecosystem and in 

turn the welfare of human beings. 

 

As they say that fish is the barometer of environmental health of fresh 

water ecosystem so fish has been used as a bioindicator to assess and evaluate the 

impact of the climatic changes on Kalpani stream. The Kalpani stream has been 

referred as one of the dirtiest streams of KPK. Kalpani stream is used as waste 

disposal drain by 134 industrial units of district Mardan and around 80 out of 149 

industrial units of district Nowshera (Directory Industrial Establishment, 2007). 

The arrangements to treat municipal as well as industrial wastes before their 

disposal to Kalpani stream are very weak. The situation has become grave with the 

increasing population of the districts (the population of the district Mardan has 

increased fourfold i.e. 0.357 million to 1.46 million) which is increasing demands 
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on the ecosystem of Kalpani impairing its ecosystem functions to a considerable 

extent. The situation is not much different in Nowshera district as far as pollution 

is concerned. The organic pollution and nutrient recycling has increased the 

eutrophication which has lead to decrease in its draining capacity. Land use 

practices are one of the basic causes of pollution. The situation has been made 

extremely complicated with the climatic changes that are putting additional stress 

in the shape of increasing average temperature and disturbed precipitation resulting 

in uncertain flow regime which is impacting biota especially fish. Loss of breeding 

grounds, disturbed food chains and food webs, disturbed species composition, local 

extinction of species in foreseeable future, population collapses and fragmentation, 

changed population dynamics, dominance of undesirable species, altered habits 

and habitats etc are a few of the visible impacts of climate change that the 

freshwater ecosystem of Kalpani is faced with. The conditions for fish have been 

made more unfavorable with fishing beyond sustainable limits, fishing with illicit 

and cruel means, and catch of big fish putting fish population under threat (local 

extinction). Fish ranges are anticipated to extend northwards. Those unable to 

stretch their ecological and thermal limits may face local extinction. 

Interdependent PCFs are exerting stress on fish life and other biota and will also 

speed up the decrease in productivity of Kalpani stream. The low flow conditions 

will increase the negative impacts of the environmental factors. One of the factors 

which is also anthropogenic in origin and often escape the attention of the 

scientists is the sand mining and gravel extraction in the stream. The activity is 

continuing unchecked, will result in dropping of water tables and so loss of the 

ability of the streambed to recharge the groundwater. Unsustainable sand mining 
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and gravel extraction impairs the ground recharge characteristic of the riverbed, 

affects the water flow, enhances the penetration of sunlight deep into the soil 

increases groundwater evaporation, and distorts the flow regime leading to results 

in the river bank erosion. Associated vehicular movement destroys the entire 

habitat in the area which in some cases is irreversible. The situation has become 

grave in view of the climatic changes and is impacting the life fabric of Kalpani 

stream. Being an urban stream Kalpani provides a valuable opportunity for 

research. From the discussion above it can safely be said that it might slowly and 

gradually die unless some measures to abate and reverse the ecological disaster are 

taken. The study might also help in saving similar water bodies in other parts of the 

country which are faced with anthropogenic and natural challenges. The current 

study is the first organized effort of its kind and will go a long way for the cause by 

evolving a model for assessing and evaluating the adverse impacts of climatic 

changes on fresh water ecosystems.  Keeping in view the deteriorated freshwater 

ecosystem of Kalpani the present study was designed by framing the following 

hypothesis: ―the climatic changes can affect the freshwater ecosystem of Kalpani 

with reference to fish fauna‖. The purpose of this study is to design and propose a 

dynamic model to increase the productivity of the Kalpani stream under altered 

climatic and hydrologic scenarios. The objectives of the present study are: 

 

Objectives: 

1. To assess past trends of fish diversity and fish catch of Kalpani 

stream. 
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2. To extend the past trends of Kalpani stream flows and water quality 

changes for prediction. 

3. To predict local changes in climate, glacial melting/snow melting, 

precipitation, atmospheric and water temperature and water balance 

components (including evaporation/transpiration, infiltration, 

surface and subsurface flows and river discharge) resulting in depth 

discharge variations. 

4. To anticipate fish diversity and catches of native species in response 

to predicted changes in river flows and water quality e.g. 

Temperature, DO2, pH,
 
conductivity, suspended solids, turbidity, 

heavy metals (cobalt, iron, chromium, Nickel, Zinc), river beds, 

altitude, dissolved solids, hardness, alkalinity, calcium, chlorides, 

sulphates, depth. 

5. To model introduction and propagation of new/exotic fish species to 

increase productivity of Kalpani stream based on adaptive/ 

mitigative measures recommended as a result of the findings of the 

study. 

 

The model developed will enable to introduce adaptive/ mitigative 

measures to maintain/increase the productivity of the freshwater ecosystem of 

Kalpani. 
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Chapter 2 

REVIEW OF LITRATURE 

2.1 CLIMATE CHANGE 

Events of the last 50 years clearly suggest that anthropogenic activities 

leading to warming and cooling of the atmosphere have definitely played a part in 

climate change. The impact of greenhouse gases is evaluated by their residence 

time in the atmosphere i.e. the greater the residence time, the larger the total impact 

on global warming. The greenhouse gases and their impact are discussed in detail 

as under. 

 

2.1.1 Carbon Dioxide 

CO2 the main contributor to the radiative forcing and other GHGs are 

transboundary air pollutants which basically mean that pollution is not limited to 

place of emission. The main sources of CO2 emission are burning fossil fuels like 

oil, coal, natural gas and land-use change (SRES, 1996). A sustainable society 

should be more dependent on renewable energy sources than on fossil fuels. CO2 

has been projected from more than 40 to less than 6 billion tons by the end of the 

current century, almost a 7 fold increase to the emission levels of 1990s (IPCC, 

2007; Enzler, 2009). 

 

2.1.2 Methane 

Agriculture and livestock as major, burning of fossil fuels and biomass as 

minor, are sources of methane emission. Contribution of Methane to global 

warming is larger than CO2 (IPCC, 2007; Enzler, 2009). In comparisons to the 
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1990 level of 310 Mt CH4 TCH4 the projected range is of 549 to 1069 Mt by end of 

this century. NOAA contradicting the above mentioned and reports that build of 

methane in the atmosphere has slowed down greatly and might reach zero levels in 

the next few decades (Dlugokencky et al., 1998). IPCC has acknowledged the 

report in the chapter on future methane concentrations which may explain the 

differences between IPCC and NOAA scenarios. 

 

2.1.3 Nitrous Oxide (N2O) 

One third of N2O emissions are from agriculture, soils, cattle feed and 

chemical industry with major contributions of natural supply from the oceans and 

minor from processes in soils (IPCC, 2007; Enzler, 2009). 

 

2.1.4 Other Green House Gases 

 Having the longest residence time in atmosphere and each CFC molecule 

having equaling several tens of thousands of CO2 molecules has the greatest 

potential in global warming. Many countries have agreed to reduce emissions 

under the 1987 Montreal protocol (IPCC, 2007; Enzler, 2009). 

 

2.1.5 Temperature 

If supposedly GHGs are abruptly somehow stopped even then temperature 

would not be able to stabilize before 2050 (SRES, 1996). The total amount of 

global rainfall might increase but pattern will change less at some, more at others 

and even none at some places with increase in extreme rainfall and temperature 

days. Visible impact of rise in temperature would probably be in the Polar Regions 
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and probably there will be no ice by 2090. In subtropical areas monsoon rains will 

be heavier and will result in increase in extreme flood events (IPCC, 2007; Enzler, 

2009). 

 

2.1.6 Sea Level Rise 

Sea levels will rise by about 18 cm around 2040 and 48 cm by 2099. The 

rise may seem negligible for people living close to the coast but will flood the 

people on land. Variation in moisture content will destabilize ecosystem (IPCC, 

2007; Enzler, 2009). 

 

2.1.7  Droughts and Floods 

Temperature and sea level changes are causing the frequency of droughts 

and floods to increase and extreme drought will negatively influence crop yield. 

Global climate remained stable varying within the range of 0.5-1 
o
C for the last 

8,000 years (Anonymous, 1995). But the atmospheric composition has been 

drastically modified by increase in energy consumption patterns of modern 

consumers (Pearce, 1995). It was observed that 5.5 gigaton of CO2 per annum from 

all sources and a contribution of 1.5 gigaton from land-use changes and smaller 

amount of contribution from cement industry are released into the atmosphere. 

(Anonymous, 1999a) results into 25% increase in  CO2 levels since 1850 in 

comparison to pre-industrial era (Jardine, 1994; IPCC, 2001c), with the last fifty 

years experiencing the largest increases (Wigley, 2001; Appendix1), which is 

―unprecedented‖ in the last 20,000 years (IPCC, 2001d) mainly due to 

anthropogenic (Warbrick and McGoldrick, 1998), and due to other sources, such as 
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chlorofluorocarbons and halons (Brasseur, 1994), and an additional 2.4 gigaton per 

annum from land use changes mainly through clearing of tropical natural and 

secondary vegetation (Fearnside, 2001). 

 

The rise of temperature of less than 1 °C (0.74) over the last 100 years 

which seem  rather insignificant has already caused significant increase in raging 

forest fires, floods and storms particularly in the last two decades. Of the recorded 

history 19 warmest years have occurred since 1980 and the three hottest years ever 

in the last fifteen years. From the above it is interesting to note that not only the 

increase but the speed of warming has also been unprecedented. The natural 

climate changes occur in glacial ages and interglacial ages happen in the range of 

50,000 to 100,000 years. Using the proxy record, some scientists believe that about 

every 150 millions years or so major cooling periods occur, each lasting several 

million years (Crane, 1997). The proxy reconstructions for the last two million 

years are considerably more abundant and reliable than those of earlier periods 

(Anonymous, 2003). During the past 750, 000 years, there have been nine ―ice 

ages‖ that have been occurring with remarkable regularity (Crane, 1997). Studies 

show changes in climate have been relatively predictable, glaciations in every 

100,000 years followed by an abrupt interglacial (warming) period lasting about 

10,000-12,000 years. The last glacial age occurred about 18,000 to 20,000 years 

ago with the prevailing average temperature was 9-12.6 F cooler than it is the 

present times (Carlisle, 1998; Imbrie et al., 1984). 
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The changes in the GHGs, aerosols, solar radiation and in land surface 

properties altering the energy balance of the climate system in terms as radiative 

forcing, is used to determine how a range of anthropogenic and natural factors 

influence the global climate. The modelling of changes into the aspects of radiative 

forcing since TAR, it can be said with very high degree of confidence that the 

anthropogenic activities since 1750 with a radiative forcing of +1.6 [+0.6 to +2.4] 

W m
–2

 has been warming the earth (IPCC, 2007; Houghton et al., 2001). 

Palaeoclimatic information supports show that the last time the Polar Regions were 

significantly warmer than present was about 125, 000 years ago. 

 

Surprisingly enough the areas of the globe predicted to warm the fastest are 

the Polar Regions.  The implications of a polar climate change are drastic ranging 

from melting ice packs, to increased glacial sediment deposits (Kane et al., 1991). 

To put this into historical terms, a warming rate this fast, (2-6 
o
F over a century), is 

faster than experienced in the last 10,000 years. The polar ice caps are some of the 

largest surface features on the globe. Melting is expected to reduce the size of these 

ice caps. This melting would contribute to a 1-3.5 foot rise in sea levels. This 

influx of cooled freshwater could also change ocean circulation and storm tracks. 

Across the U.S. e.g., a rise of 2 feet sea level even if additional protection 

measures are put in place could eliminate 17-43% (Yosemite.epa.gov; EPA, 2000). 

The El Niño of 1997–1998 slowed down the Earth‘s rotation by 0.7 milliseconds. 

Scientists note that the worst El Niño of 1997–98 on record, , could be a prelude to 

more disasters to come. 
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2.2 EFFECTS ON FRESHWATER ECOSYSTEM 

The IPCC assesses worldwide climate change science in three working 

groups working group I: the physical science; Working Group II: Climate change 

impacts, adaptation and vulnerability; and: working group III: mitigation of climate 

change (IPCC, 2007). The assessment presents major response to the climate 

change at the global level and reveals that high latitudes and some wet tropical 

areas will experience rise in average river runoff and water availability by 10-40%, 

and mid-latitudes, dry tropics and over some dry regions fall by 10-30%. These 

changes in the ecosystems will have serious consequences for all life forms. 

 

It was observed that raise of every 1.8 °F (1 °C) in average temperature 

increase the atmospheric water-holding capacity by 7%. This results into increase 

in frequency of precipitation events i.e. heavy downpour at some places and none 

at others. There will be early spring and autumn melting increasing runoff in water 

bodies, low flows in summers. The precipitation might come more as rain and less 

as snowpack. Around 10% decrease on the average from April to July in the runoff 

was noted in the California‘s Sacramento River which is projected to increase to 

41% by 2020s due to the effects of reduced snowpack (Kiparsky and Gleick, 

2003). Similar decrease in snowpack from 1900 to 2005 was noted in satellite data 

in both the hemispheres where eastern parts of South and North Americas, north 

Europe and central Asia and northern Asia Sahel Mediterranean and Southern 

Africa decrease. The baseflow will decrease by nearly 20% by 2030 (Mortsch and 

Scheraga, 2003). Fresh water aquifers are most vulnerable as rise in sea levels will 

turn them salty (EPA, 2000). Water demand will increase with increase in water 
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temperature to compensate for the decrease in the cooling efficiency of the water 

and loss of precipitation in many areas. 

 

The scientific knowledge about the ecological needs of freshwater 

ecosystems has improved dramatically over period of time. People now value 

rivers not only for water and other resources but for addressing energy needs e.g., 

water from aquifers with gradient saves energy costs of pumping groundwater, 

hydropower generation. The uncertainty in the water availability will recalibrate 

the agricultural practices e.g., irrigated agriculture for low value crop will have to 

be ceased for more productive and less thirsty crops especially in arid and semi 

arid areas (McNider, 2007). Unsustainable use of water resources have led to loss 

of: Half of the world's wetlands; 3,500 species one fourth of which are fish and 

amphibians; 20 million hectares of forest, in 1999 (IUCN, 2000). Increase in 

variability of precipitation, decrease in temperature variability and diurnal range 

are directly affected by warming (Rind et al., 1989). Transpiration affects runoff 

and makes predictions of how the water will be distributed difficult (Idso and 

Brazel, 1984; Rosenberg et al., 1990; Wigley et al., 1985). Factors like soil and 

soil moisture and terrestrial vegetation which affect evapotranspiration are 

expected to experience changes due to change in climate (Overpeck et al., 1990, 

Emanuel et al., 1985). 

 

Generalizations that emerge are: (i) runoff and precipitation are nonlinearly 

related (Wigley et al., 1985); (ii) under decreased precipitation scenarios (predicted 

for continental interiors (Wigley et al., 1980), streamflow are likely to be reduced 
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(Williams, 1989); (iii) river basins falling in arid zone are more prone to variation 

in precipitation compared to basins in humid areas (Wigley et al., 1985; Karl and 

Riebsame, 1989); (iv) total runoff seems less important in cold mountainous terrain 

than seasonal shifts in streamflow distributions where snow fall is more than 

rainfall (Lettenmaier and Gan,1990). Certain regions may become wetter due to 

global climatic changes (Schndder et al., 1990). Extreme events such as increased 

streamflow, frequent floods and expansion of wetlands will increase (Bultot et al., 

1988). 

 

Meyer and Pulliam (1991) predicted that climate change will decrease the 

availability of nutrients and organic matter which will alter the productivity and 

species composition in a water body. Thermal tolerances often define fish fauna in 

a water body as coldwater (e.g. Salmonidae), coolwater (e.g. Percidae) or 

warmwater (e.g. Cyprinidae) forms (Magnuson et al., 1979). Changes in 

temperature will change the thermal limits of fish species from low to high altitude 

or become locally extinct (Johnson and Evans, 1990; Shuter and Post, 1990). As a 

result of unsustainable water abstraction from Huang He Basin in China the 

lowflow period increased from 40 days in 1990s early to 200 days in 1997 putting 

aquatic biota and the 100 million dependent populations under stress. In a study 

run for estimating environmental water need per basin range from 20 to 50% of 

total water available per water basin (WRI, 2003). 

 

Projected increases in air temperature increase temperature and reduce 

oxygen in groundwater, with local modifications which may adversely affect eggs 
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and larvae, which are usually deposited at sites of groundwater discharge at low 

altitude. At higher latitudes and altitudes, elevated groundwater temperatures will 

increase the duration and extent of optimal temperatures in turn benefiting the life 

stages of biota (Meisner et al., 1988). Finding no opportunity to move north within 

the river courses, many freshwater fishes will not have access to a thermal refuge. 

Some genetic adaptation is possible but the low mutation rates and development of 

tolerant strains which is an inverse function of the rate of warming make genetic 

adaptation difficult (Matthews and Zimmerman, 1990), which may lead some 

species to local extinctions (Quattro et al., 1989). Shuter and Post (1990) observed 

that all aspects of life histories were accelerated by global warming and many 

species stretched their ecological limits. Similar results were also obtained by 

analyzing bioenergetics model (Kitchell et al., 1977; Magnuson et al., 1990) that 

greater total annual growth is due to increases in duration of the growing season 

and volume of habitat offering preferred temperatures (Hill, 1991). Diversity, 

yields in fish species is inversely proportional to latitude (Christie and Regier, 

1988; Regier et al., 1990). The majority of freshwater fish species occupy low-to-

middle latitude environments. 

 

Changes in climate change hydrologic patterns and establish complex 

relationships with runoff (Waggoner, 1990). Amount, timing, and variability of 

flow are dependent on variation in total precipitation, seasonality and extreme 

rainfall events (Poff, 1991; Ward et al., 1991), in turn affecting the timing, 

frequency and intensity of flash flooding (Gleick, 1987); disrupting ecosystems 

more than changes in mean conditions (Grimm and Fisher, 1991; Poff, 1991; 
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Walker, 1991). The role of disturbance in lotic communities and ecosystems is 

currently a major focus of research (Peckarsky, 1983; Poff et al., 1989; Power et 

al., 1988; Resh et al., 1988; Niemi et al., 1990; Yount et al., 1990). Reduced flows 

can concentrate pollutants (Boulton and Lake, 1990; Larimore et al., 1959; Towns, 

1985). As such assessment of pollution impact on extreme low flows is an area of 

high priority (Ford and Thornton, 1991; Meyer and Pulliam, 1991). Chessman and 

Robinson (1987), poor water was due to pollution impact on low flows. The 

hyporheic zone assumes more importance in its effects on surface water chemistry 

and biota (Stanley et al., 1991); including input of low-oxygen and high-nutrient 

water (Valett et al., 1990). Loss of hydrologic connection between these 

subsystems (Stanley et al., 1991), however, can result in significant stresses to 

biota in underground habitats. 

 

Fisheries yields are often heavily dependent on the occasional strong year 

class (Pitcher and Hart, 1982), as successful recruitment  is dependent on rate of 

survival in early life history stages (Wooton, 1990; Trippel et al., 1991), the 

increased variability in critical habitat will increase variability in the success of 

individual cohorts (Glantz, 1990). Rise in temperature respiration tends to increase 

faster than primary production, and the P/R ratio falls (Busch and Fisher, 1981), 

assuming organic substrates are sufficient, which renders streams more of a sink 

than a source for organic matter and decrease downstream export (Busch and 

Fisher, 1981), while the metabolism of the ecosystem depends on export, import 

and intrasystem storage pools of organic matter (Fisher and Likens, 1973). 
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Research so far has been focused on the relevance of aquatic ecology to 

global change; little attention has been diverted to its consequences. This has to 

change and more research needs to be conducted on freshwater ecosystem at 

landscape and watershed scales focusing on hydrology, wetland ecology, stream 

ecology, and limnology. Mesoscale climate models (Schndder, 1992) which can be 

adjusted to ecosystem scales and which can accommodate the effects and 

responses to variation in CO2, precipitation, climate, vegetation, soil change on 

runoff need to be adapted. The theme of climate change is cross cutting and cannot 

be studied in isolation from human use of land and freshwater resources from the 

effects of land use change and direct human use of freshwater resources. Unilever 

for its operations left only 3% of impact on the global fresh water resources in 

1997 by resorting to drip irrigation instead of furrow in Brazil and Australia and 

thus rescued its water use by 37% during the period 1997-2003. To promote 

recycling of contaminated water Procter and Gamble (P and G) has developed a 

powder that purifies 10 liters heavily contaminated water and reduces the incidence 

of diarrhea by up to 50% in some countries. To reduce its global water footprint P 

and G in 2003 alone reduced its global water use from 86 million cubic meters to 

79 million cubic meters. 

 

Studies conducted show that the immediate impact of rising temperature 

will be on the status and distribution of permafrost (Anisimov and Nelson, 1996, 

1997), and in turn on hydrology. In view of increase in global population from 8 

billion to 10 billion the water with drawls will increase by 22% over the period of 

1995 to 2025 (Rosegrant et al., 2002). Forecast show a 37% increase under crisis 
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and less than 20% under sustainability scenarios. As such for meeting ever 

increasing demand for food and MDGs, water use efficiency assumes paramount 

importance (Molden and Falkenmark, 2003). 

 

In regulated rivers and streams environmental flow, for example, the 

Murray-Darling Basin cap (Acreman and King, 2003), Water recovery can be 

ensured by changing the consumptive uses of water such as irrigation if the needs 

of the system are known (Postel, 2000), which is possible if the flow of water and 

floods are scientifically managed. The method has been implemented in rivers such 

as the Senegal, Phongolo, and Kafue in Africa (Acreman et al., 2000), Colorado in 

the United States (Webb et al., 1999), and the Murray in Australia (Siebentritt et 

al., 2004). 

 

All stakeholders need to be involved while taking decision for maximizing 

human well-being from freshwater dependent ecosystems (Poff et al., 2003), which 

has to take into account water requirements needed for other ecosystem services in 

addition to uses by humans (Acreman, 2001). It is now recognized fact that no 

single method can be adapted for calculating ecosystem water requirements and 

setting objectives for purely hydrological and setting of minimum flows (Acreman 

and King, 2003). The costs of natural calamities such as drought, floods etc is very 

high particularly for a country like Pakistan e.g. the drought of 1999-2000 which 

lasted upto 2002 particularly in Sindh and Balochistan was the most severe of its 

history, which affected around 3.3 million people in addition to killing several 
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hundred. The cumulative economic cost of floods from 1947 to 2000 runs into Rs. 

110 billion in addition to the death toll of 6500 persons. 

 

2.3 IMPACT ON SPECIES 

Climate change affects growth, reproduction and migration patterns and so 

fish yields in a water body (Ficke et al., 2007). Variation in temperature induce 

changes in climate and thus in rainfall and hydrology and so shift patterns of 

species abundance and availability leading to decrease or increase in fishery 

production (WorldFish Center, 2007). Though the available freshwater resources 

are less than 1% of the entire water budget of the globe their contribution to total 

global fish catch is about 6% (WRI, 2003). Under scenarios of climate change, 

spawning and hatching of spring and summer spawning population are likely to 

occur earlier in the year. Though may be the growth period is longer yet there is 

likelihood that larvae may be of smaller size may suffer from increased predation, 

lower survival rate, stunted growth etc. Climate changes can: (i) adversely affect 

natural resources in turn affecting their livelihood options; (ii) decrease freshwater 

availability and degrade its quality (iii) adversely affect human health by 

increasing exposure to vector- and water-borne diseases; and (iv) increase their 

vulnerability to natural disasters, e.g., floods and droughts. Poor and marginalized 

segments of the society are the most vulnerable groups to the effects of the climatic 

changes. 

 

Water availability in Pakistan compared to 5,000m
3
 per capita in 1951 has 

fallen to about 1,100 cubic meters currently, which is just above the globally 
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recognized scarcity level and is projected to fall to 700 cubic meters per capita by 

2025 (Pak-SCEA, 2006). In KPK and Balochistan over-abstraction of groundwater 

has reached saline layers at most of the places (Pak-SCEA, 2006) due to heavy 

ground and surface water use by 72% of the rural population (SOE, 2005). Fish 

diversity and richness increases with increase in river discharge (Oberdoff et al., 

1995; Poff et al., 2001), fish populations, composition, distribution, size; 

reproduction and biomanipulation therefore are affected by reduced flows (Poff et 

al., 2001; Lake, 2003). 

 

2.4 IMPACT OF PHYSICOCHEMICAL FACTORS AND POLLUTION 

A suitable environment is necessary for any organism, since life depends 

upon the continuance of a proper exchange of essential substances and energies 

between the organism and its surroundings (Welch, 1952). Physical and chemical 

properties of water have profound impact on the biota. Rivers and natural 

freshwater ecosystems have been used for centuries by mankind. The natural fabric 

has significantly been disturbed by adding chemicals to these waters. In the process 

hardly a water body can be found which has been left in pristine state. 

Physicochemical and limnological organized studies were initiated in the mid 

eighties in Pakistan in general and Khyber Pakhtunkhwa (NWFP) in particular. 

Fragmented and need based studies have been carried out. Comprehensive studies 

or investigation have hardly been carried out. Major limnological work was 

undertaken in the late eighties in Khyber Pakhtunkhwa (NWFP) on Kabul-Indus 

drainage system by Zoology Department, University of Peshawar through the 

sponsorship of PARC Islamabad. It was the first comprehensive study of its kind at 
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the national level and laid the foundation for all such studies in future. This was 

followed by a study on Pollution in Kabul River and its tributaries by IUCN 

Pakistan with financial support from Planning, Environment and Development 

Department NWFP (Khyber Pakhtunkhwa). Further such studies were conducted 

on various water bodies throughout Khyber Pakhtunkhwa between 1988 and 1994. 

Studies of similar nature were then conducted on water bodies in other provinces. 

Detailed work was done on river Ravi and Chenab in Punjab. Afterwards 

environment sections were created in PCSIR. This was followed by need based 

studies in irrigation departments and Wapda. Investigations of this nature were 

made mandatory in Environmental Impact Assessments for power generation 

projects and other projects involving water ecosystem. In early twenty first century 

Pakistan Council for Research in Water Resources (PCRWR) launched a project to 

investigate water quality in 21 cities and 6 rivers. Simultaneously universities have 

also been carrying out studies on PCFs and pollution in different water bodies 

throughout the country. 

 

Work on the impact of PCFs on biota has hardly been given due weightage. 

Major work in Khyber Pakhtunkhwa as already mentioned has been carried out 

from mid eighties to mid nineties on Kabul-Indus drainage system. Besides that 

Tassaduqe et al. (2003) worked on the biological and physicochemical aspects of 

Indus river in southern Punjab, Tabinda et al. (2000, 2003) focused Industrial 

pollution on Deg nullah fisheries in Narowal district, effects of erosion on Indus 

river biodiversity in few places of southern Punjab by Khan and Ali (2003), 

phytoplankton distribution and abundance in relation to environmental factors in 
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Haleji lake was studied by Nazneen and Bari (1984), while Javed and Hayat (1995) 

carried out study on effect of waste disposal on water quality of river Ravi in 

Lahore district. Interestingly none of the studies so far carried out have ever 

encompassed a full stretch of any river or related the distribution of fish fauna in 

relation to environmental factors. Of late, though, the knowledge of fisheries has 

improved (Rafique, 2000, 2001) yet role of PCFs in distribution and composition 

of fish communities is still young at the country level. Some of the efforts at the 

regional level (India) on inland fisheries include Sivaramakrishnan (1995); 

Ganasan and Hughes (1998); Arunachalam (2000); Bhat (2002, 2003, 2004); 

Dahanukar et al. (2004); focusing on western Ghats, while Jayaram (1981); Birasal 

et al. (1991); Dugeon (1995); at the global level works such as increase in species 

diversity and richness downstream is a function of stream order by Zalewski et al. 

(1990), correlation of species richness with stream order by Hutchison (1993), 

species richness decrease with increase in altitude and increase with stream order 

and distance from source by Oberdoff and Porcher (1992); Bistoni et al. (2002); 

Beecher et al. (1988), Whiteside and McNatt (1972) reported that stream order and 

physical and chemical conditions such as temperature, turbidity, DO, P
H
, 

conductivity, alkalinity and heterogeneity is greatest in downstream, lead to 

stability and diversity of fish communities and is regulated by biotic factors e.g. 

competition and predation. Environmental gradient determined mostly by 

elevation, temperature, flow of the water and the emergent vegetation was 

responsible for species separation (Moyle, et al., 2003; Piers et al., 1999) 

considered water temperature, water depth, width of river, and the type of 

substratum as fundamental factors determining fish assemblages, while Bain et al. 
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(1988) considered water depth and current velocity as important factors 

responsible for fish community structure. Morgan (2002) while studying Sulphur 

river grouped eighteen habitat types into six groups on the basis of cluster analysis 

and observed that physical factors such as DO, temperature, conductivity, water 

depth and velocity, affecting the fish distribution, concluded that distribution of 

fish species was negatively or positively correlated with higher velocities and 

water depth and that other PCFs had no effect on the distribution of fish. Oberdoff 

et al. (1993) using factor analysis identified similarities among samples and 

species and showed ichthyologic changes along upstream/downstream gradient.  

Effects of various physicochemical factors were reported by Lashari et al. (2009); 

Javed and Mahmood (2001); Iqbal et al. (2006). Effects of heavy metals were 

studied by Rauf et al. (2009); Chattopadhyay et al. (2002); Papagiannis et al. 

(2004); Javed (2005). 

 

Water pollution is the degradation of the quality of water that renders water 

unsuitable for its intended purposes. Anything, which degrades the quality of 

water, is termed as pollutant. Water pollutants can be broadly classified into five 

major categories namely organic, inorganic, suspended solids and sediments, 

radioactive materials and heat. The excess amounts of minerals and ions (cations 

and anions) are the main causes of water pollution which create metabolic and non 

metabolic problems resulting in toxicity for both humans and animals (Lamb, 

1985; Baloch et al., 2001). Water soluble toxicants from industrial and municipal 

wastes, leached soils and the atmosphere have rapidly transferred to natural bodies 

of water. While some of the pollutants decompose or volatilize, others from 
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insoluble salts, which precipitate and get incorporated into the sediment (Bowen, 

1979). Uptake of such toxicant by aquatic organisms like fish may be followed by 

metabolism of the toxicants into more toxic derivatives (Webb, 1975a). Several 

cases of the adverse effects of environmental pollution on fish and fish consumers 

have been reported (Bowen, 1979; Dix, 1981). 

 

In the last few years, a significant increase in population growth all over the 

world has been accompanied by intensive urbanization, increased industrial 

activities and intensive agriculture in arable land (Buzina et al,. 1989; Iqbal, 2000; 

Akif et al., 2002; Jan et al., 2002). This has resulted in tremendous increase both in 

quantity of discharge and the range of pollutants having undesirable effects on fish 

and fisheries (Alabaster, 1980; Heath, 1987; Mukhopadhayay and Konar, 1988; 

Bhatnagar and Tiwari, 1989; Akif et al., 2002). Recently Nnabuife (2001) has 

indicated that about 97% of the freshwater which is stored in the underground 

aquifers faces the danger of contamination by heavy metals, pesticides and 

industrial chemicals. All industrial wastes when not handled according to the 

World Health Organization (WHO, 2004) regulations create many problems. 

Aquatic habitat degradation can result from any action that alters the physical and 

chemical attributes of a stream or river thus reducing utilization by biota (Charles, 

1992a). 

 

Toxic effects of various heavy metals and other PCFs studied on freshwater 

and marine waters reveal definite contamination in the edible muscles of fish 

(Bianchi, 1985). Similar studies were carried out on fish; from various water 
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bodies (Ashraf and Jaffer, 1988 and 1990); from Arabian Gulf and Shattle-Al-Arab 

(Bryan, 1976) and fish as bioindicator for heavy metals from various water bodies 

(Sadiq and Zaidi, 1984; Badsha and Goldspink, 1982; Khan et al., 1985). 

Bioaccumulation of metals like nickel, copper, zinc, mercury, lead and chromium 

is known to adversely affect the liver, muscles, kidneys and other tissues of fish, 

disturbs metabolism, impedes development and growth of fish (Spehar, 1976; 

Anadon et al., 1984; Kadiiska et al., 1985a.b; Birge et al., 2000) and in turn are 

very harmful for human health. 

 

Suitable depth for fish is from 2-3 meters (Butt, 1978). Great fluctuations in 

depth within a water body varying from season to season and even during the same 

day are harmful for many kinds of fish (Rounsefell and Everhart, 1953) and results 

in peculiar biota which can tolerate these fluctuating conditions (Mayer, 1928; 

Nielsen, 1950; Coker, 1954; Holmes and Wilton, 1977). Changes in depth through 

flow regulations have also been used for man‘s benefit by controlling black flies 

(Davies and Walker, 1986). These changes become very important in view of 

PCFs having marked effect on the varying levels of water. Lower levels of 

Phosphorous can adversely affect the primary productivity not only in aqua-sphere 

but also in terrestrial sphere (Goldman and Horne, 1983), Phosphorous content 

increase with increase in slope (Goldman and Horne, 1983). Running waters makes 

the accumulation of Phytoplankton at one point to an appreciable extent impossible 

resulting in lower primary productivity (Townsend, 1980). 
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Less hard waters are less productive (Meehean and Ali, 1967). Fungi and 

bacteria with their protein rich bodies form a rich source of food for bottom 

organisms whose number is therefore related to the amount of food present at the 

bottom (Meehean and Ali, 1967; Kikkawa and Anderson, 1986). In polluted spots 

or area the number of fish species is always small (Rounsefell and Evehart, 1953). 

A richer fauna can fix greater amounts of nitrogen (Hem, 1985). Unionized 

ammonia may increase P
H
 (Boyd and Lichthoppler, 1979). Ideally ammonia should 

be below 0.2 mg/L, values above 2 mg/L are usually an indication of serious 

organic pollution (Chapman, 1992). Nitrites are usually present in very low 

concentrations in freshwater of <0.001 mg/L, and rarely exceed 1 mg/L (Chapman, 

1992). Human influenced level of Nitrate may increase upto 5 mg/L indicating 

pollution by human or animal waste or fertilizer run-off. In case of extreme 

pollution concentration may reach 200 mg/L (Chapman, 1992). 

 

Metals being non-biodegradable in nature cause mutagenic, carcinogenic 

and mutagenic effects in biota (More et al., 2003). Apex species in most of the 

cases is fish and as such concentrates large amounts of metals in their bodies 

(Mansour and Sidky, 2002). Multiple factors including season, physical and 

chemical properties of water (Kargin, 1996) can play a significant role in metal 

accumulation in different fish tissues. Mineral content are essential for all 

organisms, for building skeleton, living cells and tissue fluids (Ca, Mg), for 

osmotic regulation of body fluids and acid base balance alongwith bicarbonates 

(Na, K) and building of blood tissues etc (Fe, Co) (Coker, 1954). Mineral can 

therefore greatly influence the abundance and distribution of aquatic organisms 
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(Boycott, 1936). For example Ca++ less than 20mg/l can restrict the presence of 

many mollusks in a particular stretch of water and absence of appreciable amounts 

of silica may act as a limiting factor for diatoms (Townsend, 1980), which make a 

bulk of the fish food. Ca++ at a level of 26 mg/l is considered necessary for 

healthy culture of fish (Nacon and Worthington, 1951). Calcium is absorbed 

through gills (Millikin, 1982) and not from food. Calcium and Phosphorous are 

essential for proper growth of fish (Ohmae et al,. 1979). Level of one element may 

affect the availability of the other (Butt, 1984; Hem, 1985). Toxicity of Zinc, 

Copper and Iron becomes evident above 0.05, and 0.1 mg/L (Hafeez, 1984). 

Increase in water hardness reduces the toxicity of Zinc, values greater than 2 mg/L 

kills fish (Mason, 1991). Toxicity of Copper is high at values 0.6 mg/L (Anon, 

1976). Aquatic ecosystems eliminate metals and so they tend to move them from 

one compartment to another including the biota and often with detrimental effects 

(Chapman, 1992). 

 

It has been observed that sulphides in excess of < 0.05 mg/L cause 

complete mortality of fish (Anon, 1976). In case P
H 

is less than 10 sulphides should 

not be considered as at lower P
H 

sulphides exist as non-ionized molecules of 

hydrogen sulphide (H2S) and hydrosulphide (HS), with negligible concentrations 

of sulphide ion (S-). Termed as the second most dirty of all the tributaries of Kabul 

river system Kalpani stream has not been thoroughly investigated so far (IUCN, 

1994). Since water has been taken for granted little respect is shown to conserve 

and protect its integrity. It is worth mentioning that enforcement of NEQS has 
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remained weak. Better management is needed, like metered water supply at 

realistic costs may improve the situation. 

 

Surface and ground water contamination with respect to trace elements by 

industrial and domestic effluents has increased in recent years (Nasreen and Awan, 

1995; Lone et al., 1999; Mathrani and Khwaja, 2001; Bashir et al., 2001; Ilyas, 

2002). The untreated industrial wastes are dumped into the streams, rivers and 

canals considering them as the easily available ‗sink‘ (Ali, 1997). As much as 9000 

million gallons of wastewater is disposed off into the water bodies on daily basis 

(Saleemi, 1993). It was observed that seepage from the sewage and industrial 

waste water channels cause great threat to ground water quality (Bashir et al., 

2001). Many elements in drinking water are essential for human health but their 

excessive intake may cause severe health problems (Begum et al., 1998). National 

water policy and national environment policy 2005 were formulated to cover for 

abatement and neutralizing the adverse effects of freshwater ecosystem pollution. 

Limnological characteristics are influenced by the supply and flux of nutrients 

which are dependent upon timing and intensity of ice melt under climatic changes 

(Lesack et al., 1991). Increase in temperatures, provide favorable environment to 

warm water fish at the cost of cool or cold water fish (Lehtonen, 1996). In view of 

climatic changes total fish production might increase but the composition of the 

fauna might change with drop in commercial value of catch (Lehtonen, 1996). Fish 

production varies with variation in quantity and availability of nutrients e.g., 

salmonid biomass is heavily nutrient-dependent and varies with nutrient levels, 

habitat type, and discharge. 
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Water of Sohan River was found to be unfit for drinking and irrigation 

purposes as it contains high level of heavy metals and other PCFs discharge in 

effluents from industries of Rawalpindi and Islamabad (Gulfraz et al., 1997; 

Zakiullah et al., 1998). Similar results have been reported for Phulleli canal 

Hyderabad city, which joins river Indus in highly contaminated condition (Dewani 

et al., 1997); for river Ravi (Zahid and Baig, 1997) and for Elbe River, Czech 

Republic (Paukert and Zdenek, 1993). Temperature in streams, lakes and ponds are 

closely coupled with air temperature (Meisner et al., 1988), so increases in air 

temperature are expected to be followed by similar increases in water temperature, 

though the magnitude may be somewhat lower. For example, Northcote (1992) 

predicted that a 4 
o
C increase in atmospheric temperature would result in a 3-8 

o
C 

increase in the surface temperature of a 10 m deep lake in British Columbia, 

Canada. Changes in global air temperature will also affect some groundwater 

sources. The temperatures of shallow aquifers that recharge some of these systems 

usually approximate the mean annual air temperature for that region (Meisner et 

al., 1988; Boyd and Tucker, 1988), (which means that if other environmental 

conditions do not change then for a long time the fish fauna would remain intact) 

temperature increases is associated with lower flows, at low flows, adult growth is 

low, whereas young-of-the-year continues to grow well e.g., Arctic grayling. The 

relationship of wastes and increase in temperature and its impact on aquatic 

environment was studied: on Shannon River, Dublin, Ireland by Zareena and Saeed 

(1998); on industrial effluents from Rawalpindi and Islamabad by Gulfraz et al. 

(1997); by Fenn and Kissel (1974) and found that inorganic reaction rates double 



41 

 

 

with every 10
o 

C increase in the temperature; by Gould et al. (1973) and found that 

organic reaction rates increase linearly to temperature increase. 

 

For populations already food-limited, further increases in temperature will 

increase the metabolic rate thereby increasing demand for more food will have 

significant effects on population abundance e.g., an increase of 3 °C increase in 

mean July epilimnetic temperatures Toolik lake trout will not survive as it would 

require a greater than eight-fold increase in food. Fish population may respond to 

climatic changes through: (i) physiological changes to PCFs, e.g. temperature, (ii) 

changes in behavior, such as moving into new suitable areas by taking evasive 

action, (iii) changes in population dynamics, such as abandonment of traditional 

sites, (iv) ecological changes such as trophic interactions, (v) effects in abundance, 

distribution. Moreover response of species to climatic changes response of the 

species to environmental stimuli depends on the eco-physiology of various life 

stages (Pearson and Dawson, 2003). 

 

Conductivity as measure of pollution has been studied by: Din et al. 

(1997a) on Rawal and Simli dams finding it well above the permissible limits of 

500 µS/cm; Khurshid (1997) on Baharianwala drain close to Lahore and found the 

values very high; Qadir et al. (1997) on sewage water of Faisalabad city; Irshad et 

al. (1997) on Haripur and found very high values indicating high pollution in the 

water bodies. Din et al. (1997a) and Irshad et al. (1997) analyzed samples from 

Simli and Rawal dams and industrial effluents from Haripur found the conductivity 
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values to be within the permissible limits of 50-500 mg/L as CaCO3 as reported by 

Jaffer et al. (1988). 

 

Khurshid (1997), Zafar and Shah (1997) and Din et al. (1997a) analyzed 

the samples of Bahrianwala drain, of industrial effluents from Gadoon Industrial 

Estate and Rawal and Simli dams respectively for determining total dissolved 

solids. Jaffer et al. (1988) and Sarwar et al. (1990) analyzed various water bodies 

and industrial effluents from Lahore for determining levels of Chromium and 

found them quite high and well above the permissible limits (upto 5 ppm). For 

measuring the concentration levels of Cobalt, water samples and industrial 

effluents were analyzed by: Dewani et al. (1997) from Pulleli drain; Mastoi et al. 

(1997) from Jamshoro; Abassi et al. (1989) from Faisalabad and found the values 

very high particularly from industrial effluents. Iron was found to be within 

reasonable limits in water samples of industrial effluents of Jamshoro city, Haripur 

and Faisalabad by Dewani et al. (1997); Irshad et al. (1997) and Qadir et al. (1997) 

respectively. 

 

Significant research has been conducted on Sohan River, Islamabad by 

Zakiullah et al. (1998); Phulleli canal, Hyderabad Dewani et al. (1997); Faisalabad 

city by Qadir et al. (1997) and various rivers and lakes by Jaleel and Jaffer (1993). 

Levels of Zinc on Phulleli canal, Hyderabad by Dewani et al. (1997); on Karachi 

industrial estate effluents by Iqbal and Rizwan (1997) and on industrial effluents of 

Haripur by Irshad et al. (1997) have been measured. 
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 2.5 WATER DISCHARGE AND FUTURE SCENARIO 

Research suggests impacts of future climate scenarios on aquatic 

ecosystems at a regional scale (Hauer et al., 1997; Melack et al., 1997; Moore et 

al., 1997; Mulholland et al., 1997; Meyer et al., 1999; Stone et al., 2001). These 

studies give a fair idea of the type of changes that might take place such as changes 

in ecological ranges of species, nutrients delivery, and temperature of lakes. These 

changes and impacts are due to interaction of human and climatic changes (Moore 

et al., 1997; Meyer et al., 1999; Fox et al., 2001; Stone et al., 2001). Basin 

sensitivity vary under these disturbances some are more sensitive than others e.g., 

for a water body which might experience low flows due to drier conditions might 

be more sensitive to human use than the ones from which the withdrawals are not 

heavy. 

 

Mardan and Nowshera are not metropolitan but Mardan in particular is 

close to become one. Metropolitan are large areas with climatic conditions 

epitomizing global climatic changes (Oke, 1993). The climatic changes in urban 

areas result in increase in annual average air temperature by 1-3 
o
C in comparison 

to the similar closer rural areas (Oke, 1993). In some instances the nights may 

become warmer by upto 12 
o
C than the nearby areas depending on the population 

density (Oke, 1993). Temperature however, over the last 100 years in the urban 

areas have increased more during the summers than winters (Changnon, 1992). 

Current increase in glacial melt in the Himalayas due to climate change is leading 

to changes in the hydrology of the region (Barnett et al., 2005; IPCC, 2007) that 

will result in temporary increase in annual flow followed by a reduction of  
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Himalayan River flows in the long run. This reduction in turn is expected to have a 

significant and broad based impact on the livelihood of the people and economies 

of both the highland and downstream regions. 

 

2.6 SAND MINING AND GRAVEL EXTRACTION 

Sand is vital for survival of the water bodies especially lotic. Experts are of 

the opinion that unsustainable mining and extraction is disturbing the life fabric of 

the freshwater ecosystems. The ensuing impacts manifests in the form of altered 

faunal composition, depth, turbidity, geometry, flow patterns, excess in sediment 

load etc. (USEPA, 1999). During spats water might flow into the excavated areas 

and may entrap fish that might face unfavorable conditions (USEPA, 1999). Heavy 

equipment used for mining and extraction including the vehicles damage precious 

habitat and biota, increase suspended solids and turbidity (NMFS, 1998). 

 

Erosion control, provision of habitat, facilitation of nutrient input, buffering 

against pollution are some of the functions of the riparian zone (Osborne and 

Kovacic, 1993; Wohl and Carline, 1996). These functions are impaired during 

mining and extraction operations destabilizing for example the banks leading to 

increased erosion, sediments input which in turn increase the temperature of stream 

(Roth et al., 1996). 
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Chapter 3 

MATERIALS AND METHODS 

3.1  SAMPLE COLLECTION 

3.1.1 Zonation of the Kalpani Stream 

Freshwaters are distinguished by having less than 1% salt concentration. 

Approximately 41% of the existing fish species abode freshwaters. Freshwaters are 

divided into cold, cool and warm waters life zones. Each has peculiar 

environmental conditions and fish diversity. 

 

The cold water life zone is characterized by streams/ rivers with crystal 

clear, cold turbulent waters with high DO content. Flora and fauna consist 

commonly of algae and mosses and trout fish species. The second life zone is 

characterized by warmer streams which are deeper and wider with lower DO 

content. Phytoplanktons are very common in this zone. The warm water zone has 

deep and wide streams and rivers with lower DO content and high temperature.  

Variation in nutrient content is subject to land run-off. Kalpani stream lies in the 

second and partly in the third life zone of the freshwater ecosystem. The basis of 

zonation has been explained in the proceeding discussion. To have comprehensive 

research results the stream was divided into 10 zones i.e. the 54.87 kilometer 

length of the stream from Chanchanokhat to the point of its confluence with Kabul 

River (Table 3.1 and Figure 3.1). 
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Table 3.1: Zones of Kalpani Stream 

Zone Representative 

Name 

Boundary of Zone 

1 Chanchanokhat Point of confluence of Landi khwar and Kalpani 

where the Kalpani stream is borne to the 

Saidabad bridge 

2 Pirabad Pirabad to Dojanga bridge 

3 Gujar Garhi Gujar Garhi to shaker mori bridge 

4 Baghdada Sar Anjam tukre to Faizki bhatta 

5 Hoti Sikandari pull to Nagar baba 

6 Turo Mayar Turo pull to Khare kele 

7 Chowki Nisar Chowki Nisar to Nava kele 

8 Ghala Dhair Ghala Dhair to Kotar Pan 

9 Risalpur Motorway to Risalpur 

10 Nowshera Kandaro bridge to Karl Nowshera 

Each of the zones is characterized by specific fish fauna and 

physicochemical factors. 
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Figure 3.1: Catchment area of Kalpani stream and zones of data collection 

Source: Pakistan Meteorological department, Islamabad, Pakistan. 
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The first two zones are relatively away from the main population centers 

and except for Takht bhai sugar mills which has lesser significant effect on the 

water physiology and chemistry, has no other industry. From Gujar Garhi the main 

habitation begins so this station was selected to evaluate the ‗before‘ effect of 

pollution due to human habitation and Hoti as the station to evaluate the ‗after‘ 

effect. Turo Mayar was the station to analyze the ‗before‘ effect of industrial 

pollution and Chowki Nisar as the station to analyze the ‗after‘ effect. Ghala Dhair 

was the ‗before‘ of human habitation of Risalpur and the Industrial Estate Risalpur 

and Risalpur as the ‗after‘ effect. The last station to provide the information on the 

state of PCFs before its confluence with Kabul River is Kandaro Nowshera. 

 

3.1.2 Fish Sampling 

The samples of fish were collected from representative locations along the 

length of the stream. The locations included Chanchanokhat, Pirabad, Gujar Garhi, 

Baghdada, Hoti, Turo Mayar, Chowki Nisar, Ghala Dhair, Risalpur and Nowshera. 

The fish collected were preserved in 5% formalin immediately after landing. For 

the sake of convenience the fish collected from these locations were given 

abbreviated names (Appendix 4). The sample collection was done on monthly 

basis to have a fair idea of fish distribution in the entire length of the stream under 

various environmental conditions. Distance between two fish collection points was 

kept at one kilometer. For collection of fish nets of various sizes were used with 

mesh size ranging from small size (20 m x 2 m) to large size (30 m x 2 m) to 

collect fish of all sizes. At each spot net was caste five times. Collection was 

carried out in the middle and the sides of the stream. To collect bottom fauna 
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casting was done in shallow waters and under the stones and the objects in the 

stream through water agitation. Various mesh size caste nets were used for fish 

collection as certain fish species were of small size and also to have an idea of 

general fish size. The fish samples were preserved in 5% formalin immediately 

after the landing. Fish were collected from February 2007 to November 2008. 

 

In all around 31 fish species were collected. In accordance with the design 

of the research fish species were divided into cyprinid and non cyprinid groups. 19 

species were grouped as cyprinid (Appendix 5) and 12 species as non cyprinid 

(Appendix 6). Each fish group was then divided into summer and winter scenarios 

i.e. samples collected during April to September were grouped into summer 

scenario and fish collected during October to March were grouped into winter 

scenario. 

 

3.1.3 Fish Species Identification 

Standard key was used to identify the fish species caught. The fish were 

identified at the Zoology section of the Pakistan Museum of Natural History, 

Islamabad. Representative fish species have been donated to the Pakistan Museum. 

 

3.1.4 Water Sampling 

The accurate assessment of the concentration of pollutants present in water 

primarily depends upon the samples collected for the analysis. Aggregate samples 

are those, which are collected in the grab manner from the fixed sampling sites at 

regular time intervals in single day. Thus, the changing conditions of the existing 
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aquatic ecosystem with respect to the varying intensity of solar radiation are 

known by the method. This type of sampling is more described in Physicochemical 

and limnological studies where production is to be evaluated. Surface water in 

plastic gallons of one liter was collected. One of the gallons was without 

preservative and the other was preserved with 1 ml of Sulphuric Acid. Three water 

samples one from either bank and third from the middle of the stream was mixed 

from which two samples were taken for analysis. For some of the PCFs the water 

analyses were carried out on the spot, this included water temperature, Dissolved 

Oxygen, altitude, pH, depth and nature of the stream bed. Samples were collected 

on monthly basis over a period of around eighteen months spanning over two 

years. The samples after collection were refrigerated prior to analysis in PCSIR 

laboratories complex Peshawar. 

 

3.2 METEOROLOGICAL DATA 

Meteorological data was provided by Pakistan Meteorological Department 

Peshawar for all the meteorological stations having influence on the Kalpani 

stream, which include Rislapur, Peshawar and Saidu Sharif. Daily data on 

temperature and precipitation provided for each station was from the date of 

establishment of the station till 31
st
 December 2007 (Peshawar and Saidu Sharif) 

and 31
st
 December 2009 (Risalpur). The processed data with graphs and images 

was provided by Pakistan Meteorological Department Islamabad and raw data by 

Peshawar office. 
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3.3 WATER DISCHARGE DATA 

Water discharge data was provided by Provincial Irrigation Department 

Peshawar. The data provided was on daily basis from 1983 to December 2005 

recorded at the Chowki Nisar gauging station close to Risalpur. The data was 

converted to yearly averages because of extreme fluctuations in the data (Appendix 

7) for the sake of projecting the data and drawing the future scenario. 

  

3.4 PHYSICAL FACTORS 

3.4.1  Altitude and Global Position 

Altitude and Global position of the stations was measured through GPS 

model Garmin E-Trex, 2005. 

 

3.4.2 River Bed 

It was done through collection of bed material at all the locations and also 

wherever possible through visual observations. 

 

3.4.3 Depth  

Depth of river was measured of all the locations through measured sticks 

and the gauges wherever available. 

 

3.4.4 Temperature  

For each of the 10 sampling stations temperature was measured with 

standard glass mercury thermometer. At least three times surface temperature was 

recorded and average was taken as the correct temperature. 
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3.5 CHEMICAL FACTORS 

3.5.1 Dissolved Oxygen (DO) 

DO was measured on the spot through portable Hanna test kit model HI 

3810. The concentration of DO is crucial to the development and growth of aquatic 

life especially of fish. 5 mg/L of DO should be present in aquatic environment to 

sustain life. 

 

Glass bottle was rinsed three times and filled with water to overflow for 

each measurement. The bottle was stopped so tightly that a small portion of the 

sample spills over. 5 drops each of Mangnous Sulphate and Alkali-Azide reagents 

were added to the sample. Some more water was added to the sample to fill the 

bottle completely. To ensure that no air bobbles have been trapped inside that 

might corrupt the reading the bottle was again tightly Stoppard and a little sample 

water was allowed to spill over. The bottle was inverted several times till the 

sample became orange-yellow and a flocculent precipitate is formed indicating the 

presence of oxygen. The sample would be allowed to stand till the flocculent 

precipitate occurred. When the upper half of the bottle became limpid in 

approximately two minutes, 10 drops of sulphuric acid solution were added. The 

particulate material was dissolved after the bottle was Stoppard and inverted few 

times. When the sample became yellow and completely limpid the rinsed plastic 

vessel was filled to the 5 ml mark and capped. A drop of starch indicator was 

added through the cap port and mixed by carefully swirling the vessel in tight 

circles. The solution turned violet to blue color. The pipette and the syringe were 

joined to ensure that no air can get in. The plunger was dipped in HI 3810-0 
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titration solution and pulled to the 0 ml, mark of the syringe. The titration was 

carried out by entering the tip of the syringe into the cap port of the plastic vessel. 

After adding each drop of solution the sample was swirled to ensure thorough 

mixing of the sample solution. The process was continued till sample solution 

became colorless. Amount of titration solution used was multiplied by 10 to get the 

DO present in the water solution. As a standard procedure if the process show the 

results of DO lower than 5 mg/L, then 10 ml of the unused sample would be taken 

in the vessel and the above mentioned titration procedure would be repeated. 

 

3.5.2 pH 

pH is a measure of the hydrogen ions (H
+
) concentration in a solution. It is 

an important PCF and varies with variation in dissolved substances in the water 

through chemical reactions. pH is capable of increasing the substances load of the 

solution. pH of pure water is 7.00 

 

Instrument: 

pH meter: Mettler Delta. 

Model:        320. 

Serial #:        M 4150. 

Make:  United Kingdom. 

 

Procedure: 

 The temperature of the laboratory was noted. The pH meter was first 

calibrated with freshly prepared solutions of standard pH tablets. Then the pH of 
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the samples was determined by dipping the electrode in the samples one by one. 

The electrode was washed with distilled water before dipping in the next sample. 

The pH is read and then noted directly from the pH meter screen. The used portion 

of the sample was discarded. 

 

3.5.3 Conductivity 

 Conductivity depends on how much ionized a solution is. It assess the 

effects of total ion concentration on flora and fauna and also measures the degree 

of mineralization in the solution. It estimates sample size to be used for common 

chemical determination, quantity of ionic reagent needed and to check the results 

of chemical analysis. Total dissolved solids are also measured if conductivity is 

multiplied by an empirical factor. Relatively high factor is required for saline and 

boiled waters, while low factor for OH
 

or free acid. The conductivity increases 

shortly after exposure to both air and water. 

 

Instrument: 

 Conductometer: JENWAY. 

 Model:   4060. 

 Serial #:  11789. 

 Make:   England. 

 Chemicals:  Analytical grade KCl. 
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Procedure 

The instrument was first calibrated with freshly prepared standard KCl 

solution. The temperature of the laboratory was noted. When the reading of the 

instrument became constant then the conductivity measurement of the samples was 

started. The reading for each sample was noted directly from the digital screen of 

the instrument after putting the electrode in the separated portion of the sample. 

The electrode was washed with distilled water between two consecutive readings. 

The readings are in microsiemens (s)  1 % accuracy. The used portion of the 

sample was discarded. 

 

3.5.4  Total Hardness 

Hardness is a measure of total Ca and Mg concentration though other 

metals such as Fe and Sr also contribute to the hardness. Carbonate hardness is 

equal to total alkalinity. It is expressed in mg/L of CaCO3. 

 

Instrument  

 Method: Chelometric titration. 

 Indicator: Eriochrome black T. 

 Chemicals: Ethylene diammine tetra acetate (EDTA), NH3/NH4Cl. 

           Buffer of pH:  10. 

 Color change:From pink to blue. 
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Procedure 

25 mL sample was taken in a cleaned titration flask, 2 mL NH3/NH4Cl 

buffer solution of pH =10 was added to it. After shaking a small quantity of solid 

Eriochrome black T, just enough for color change, was added to it with spatula. It 

was shaken and started titrating against standard EDTA solution taken in burette. 

The volume used was noted. Hardness was reported as CaCO3, mg/L. 

 The formula used is as follow: 

 Weight of CaCO3 in 25 mL sample = 

 Molecular weight of CaCO3  VL of EDTA used  M of EDTA. 

 Where, 

 VL stands for the volume of EDTA solution used and measured in liters, 

and 

 M stands for the molarity of EDTA solution. 

 After this the calculations were made for the weight of CaCO3/L of sample 

as 

Total hardness mg/l as CaCO3 =   VL x M x100 x1000 

              ml of sample. 

 

3.5.5 Calcium 

 Method:         Complexometric titration 

 Indicator:       Mureoxide. 

Chemicals:     Buffer of pH=12.5 (50 g NaOH/250 mL solution. Standard 

EDTA solution. 

Color change: From pink to violet. 
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Procedure 

 2 mL buffer was added to 25 mL sample and a small amount of solid 

mureoxide indicator just enough for a clear color change was added to it with a 

spatula. It was shaken and started titrating against standard EDTA solution taken in 

burette. The volume used was noted. The result was reported as mg CaCO3/L. 

 

The formula used is as follows: 

Calcium mg/L as CaCO3 =   VL x M x100 x1000 

          ml of sample. 

 Where, 

VL stands for the volume of EDTA used, measured in liters and 

M stands for the morality of EDTA. 

The result was reported as parts per million of CaCO3. 

 

3.5.6 Turbidity 

Turbidity is a measure of finely divided suspended particles of clay, silts, 

organic and inorganic matter, plankton and microscopic organisms. Silt gives the 

advantage that it checks light penetration in certain area of the Lake, including the 

inlets. Chlorination can never be an effective disinfectant due to turbidity in water. 

Waters low in turbidity are safe for drinking. 

 

Procedure 

Turbidity was measured through nephlometer. The method does not require 

formal preparation of sample for analysis. Sample of water was as such taken in a 
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glass tube and was put into the nephlometer alongwith a reference solution. The 

measurements were noted from the instrument. 

 

3.5.7 Total Alkalinity 

Alkalinity is due to the presence of bicarbonates, carbonates, hydroxides 

and the basic radicals like Ca, Mg, Na and K. Alkalinity is the sum of components 

in water that tends to elevate the pH of water above a value of about 4.5, and is an 

estimate of the buffering capacity of water. Alkalinity of municipal water supplies 

affects the amount of chemicals need to be added to accomplish coagulation and 

softening. It also controls corrosion in distribution systems. 

 

 Method:  Simple standardization against a standard acid. 

 Chemicals:  Standard H2SO4 solution (0.02N). 

 Indicator:  Methyl orange. 

 Color change:  From yellow to pink. 

 

Procedure 

25 ml sample was titrated with a pre-standardized H2SO4 solution using 

methyl orange as indicator. The volume of the acid used was noted from the 

burette. Then the following formula was used: 

 Total alkalinity = (VmL of H2SO4  25) 50000  N. 

 Where 

 VmL stands for volume of H2SO4 solution used and measured in mL. 

 N stands for normality of the acid solution. 
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 The above formula gives results for alkalinity in mg CaCO3/L, directly. 

 

3.5.8 Chlorides 

Chlorides in water bodies are mostly present in combination with Na, Ca 

and Mg. Its concentration varies with the physiological and biological actions. 

Chlorides are added through natural mineral rocks, seawater, irrigation discharge, 

or from industrial effluents. Mostly, all types of water reservoirs contain chlorides 

less than 50 mg/L. In large concentrations they may be hazardous and lead to water 

pollution. Chlorides in high concentrations cause an undesirable salty taste. 

 

 Method:        Argentometric titration. 

 Chemicals:   Standard H2SO4, standard AgNO3 solution. 

 Indicator:      K2Cr2O7 solution. 

 

Procedure 

0.02 N H2SO4 solution (equivalent to the alkalinity of the sample) was 

added to 25mL sample followed by the addition of 3-4 drops of the indicator and 

then titrated with standard AgNO3 solution (0.014 N) taken in special type of 

burette. Volume of silver nitrate solution was noted. 

 Formula used: 

 Weight of Cl
-
 mg/L

 
= (atomic weight of Cl

-
  VL  N  10

3
) 25. 

 Where, 

 VL stands for volume of AgNO3 solution used measured in liters, and 

 N stands for normality of AgNO3 solution 
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3.5.9 Sulphates 

 Mine drainage wastes add a large amount of sulphates through pyrite 

oxidation. Ground and surface waters contain sulphates that comes from the 

dissolution of mineral deposits containing sulphides, pyrites and thiosulphates. 

  

 Method:       Back titration of excess Ba
2+

 with standard EDTA. 

 Chemicals:  Standard HCl solution, standard BaCl2 solution, NH3/NH4Cl 

            Indicator:     Eriochrome black T. 

 Buffer of pH=10, standard EDTA solution, MgCl2 solution. 

 

Procedure 

Some volume (equivalent to the alkalinity of the sample) of standard HCl 

solution was added to 25ml sample followed by heating to boiling. At the onset of 

boiling 5ml of 0.02 M BaCl2 solution was added to it and the flask was removed 

from burner. After cooling to room temperature 1mL MgCl2 would be added to it 

followed by the addition of 2 mL buffer and was titrated with standard EDTA 

using EBT as indicator. The volume of EDTA was noted. 

 Formula used: 

 Moles of SO4
-2

 = moles of added BaCl2 – moles of used EDTA. 

 The value of moles was then put in the following equation 

Weight of SO4
-2

, mg/L=(moles of SO4
-2

  molecular weight of SO4
-2 
 10

3
)25. 

 

3.5.10 Total Solids 

 Method:        Simple evaporation on a flame. 
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Procedure 

The beakers to be used for evaporation of water were washed twice with 

detergent and rinsed with distilled water followed by drying in oven and cooling in 

desiccators. Then these were weighed and 50mL sample was put in each of these 

beakers. All were then put on the hot plate till complete evaporation of water. 

These were then put in the oven at 105 

C for half an hour followed by cooling at 

room temperature in desiccators. Then each of them was weighed. From the weight 

difference the total solids were found out. The weight was converted directly from 

grams per 50 mL sample to mg/L of the sample as below: 

 (Weight in grams in 50mL sample  1000)  50 = mg/L. 

 This weight includes both dissolved and suspended solids. 

 

3.5.11 Total Suspended Solids (TSS) 

TSS is caused by disposal of a variety of wastes such as domestic, 

industrial etc and is hazardous to aquatic life in high concentrations. 

 Method: Filtration through Whattman # 41 filter paper. 

 

Procedure  

Whattman filter papers # 41 (one for each sample) was put in oven at 105 


C for ½ hour followed by cooling in desiccators for another ½ hour. Then every 

one of these was weighed separately. Then 50 mL from each sample was filtered 

through these one by one. Then these filter papers were put in the oven for half an 

hour at 105 

C followed by their cooling in desiccators to room temperature. After 
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cooling each of the filter papers was weighed and from the weight difference the 

amount of TSS was determined as below: 

 Weight of the suspended solids in grams = 

 Weight of the filter paper + suspended solids – weight of the filter paper. 

 For conversion to ppm the following relation was used 

 Milligrams of TSS/L = (weight in grams in 50 mL sample x 1000)  50. 

 

3.5.12 Total Dissolved Solids (TDS) 

TDS salts, minerals, anions, cations, metals material in water that can pass 

through a 2-micron filter.  

 

Procedure  

For determining TDS in a sample the simple principle of subtracting the 

TSS of that sample from its TS is followed as given below. 

  TDS in mg/L = TS in mg/L – TSS in mg/L. 

 

3.6 HEAVY METALS 

Determination of heavy metals 

Method:     Atomic Absorption Spectroscopy. 

Instrument: Atomic Absorption Spectrophotometer (Hitachi Z-8000 Japan). 

 

Pre-treatment of samples 

 All the samples werefirst filtered before subjecting to the instrument. No 

pre-concentration step was performed. 



63 

 

 

 The samples were analyzed for the following metals: 

 a. Nickel (Ni). 

 b. Chromium (Cr). 

 c. Zinc (Zn).   

 d. Cobalt  

 g. Ferrous  

   The concentrations were in mg/L. 

References: 

1. APHA/AWWA/WEF (1998) 

2. Analytical Use of EDTA (1958) 

3. Standard Method for the Examination of water / wastewater 20
th

 

      Edition 1998. 

 

3.7 WATER DISCHARGE AND SCENARIO GENERATION 

The daily discharge data for the period 1984-2005 (21 years) was converted 

into yearly averages. Then using these yearly values of 21 years, future predictions 

using mathematical theories available were employed. For this CURVE 

FITTING TOOL BOX of Matlab was used by typing command cftool on Matlab 

command window. Of the many approximating techniques available in the tool 

box including Interpolation, Polynomial approximation etc 4th and 8th order 

approximating polynomials were used to cover next 20 years starting from 2006-

2025. Due to extreme fluctuations in the data it was really hard to interpolate and 

extrapolate given data upto several decades. As there were extreme fluctuations in 

the available data and given mathematical model alongwith curve fitting tool box 
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fail to make good approximations. This provoked detailed mathematical studies for 

extrapolations of such data sets because of the sensitivity of the data. 

 

It is a known fact that water discharge can never be negative. When 

polynomial approximations for extrapolation were used negative values started 

coming out after certain years which is not true and requires methods that do 

preserve positivity. This is a huge area of research known as SURFACE 

RECONSTRUCTION meaning using given data you construct an interpolating 

polynomial satisfying the inherited properties of given data such as POSTIVITY, 

MONOTONICITY, CONVEXITY etc. The current attempt will open a new 

window of research from this point and the model established passing through all 

the difficulties can then form the basis of many similar and improved research 

attempts. 

 

3.8 METEOROLOGICAL SITUATION 

Secondary data on weather was provided by Pakistan Meteorological 

Department (PMD) for the three stations (Peshawar, Saidu Sharif and Rislapur) 

having influence on Kalpani freshwater ecosystem. PMD also provided trends in 

the data from 1960-2007 which clearly indicate the changing climate over the 

region. Morevover PMD in addition to abover provided carfully worked out details 

on the catchment area, length and ordination of stretch of the Kalpani stream 

demarcated as the study area. PMD also provided actual maps showing zones and 

other detailed fieatures of the study area. 
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3.9 ANALYSES OF SPECIES ASSOCIATION AND DISTRIBUTION 

Echelle and Schnell (1976) determined association of 48 species in the 

Kiamichi River, Oklahoma by making use of factor analysis. The advantage of the 

technique is that it reduces large data sets into small No. of complements with each 

component comprising of positively associated species. Ludwig and Reynolds 

(1988) employed Cluster analysis for sorting objects into groups or clusters on the 

basis of their overall resemblance to one another. 

 

Several methods are employed to explain the distribution of fishes such as 

factor analysis (Oberdoff et al., 1993), correspondence analysis (Strayler, 1993; 

Pusey et al., 1995). Of them most commonly used are Principal Component 

Analysis (PCA) and Canonical Correspondence analysis (CCA). PCA partitions a 

resemblance matrix (correlation or variance-covariance) into a set of orthogonal 

(perpendicular) axes or PCA. The first few components explain the largest %age of 

variation in the data set (Gauch, 1982), and ordination of sampling units on these 

axes provide information about the ecological relationships. Basically it is used for 

expressing two or more variables by a single factor. In the current study 

STATISTICA (Statsoft Inc.) package (version 5.0) was used. The first component 

(PC1) was interpreted as a ―size‖ factor (Humphries et al., 1981; Bookstein et al., 

1985) and all the characters are positively correlated with this component 

(Humphries et al., 1981; Somers, 1989). A categorized scatter plot of the factor 

scores for every two principle component was used to visualize the results of the 

analysis. Total variance in the matrix was equal to number of variables. The 

principal components extracted account for less and less variance so that the first 
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principal component (PC1) expresses the most variance and the second (PC II) 

expresses a lesser part of the total variance. Components that account for only a 

small portion of the variance are ignored. Corresponding eigenvectors are 

calculated through Minitab 14. The eigenvalues are the variance extracted by the 

factors where the sum is equal to the number of variables. These values indicate 

the weight of each of the principal component in the analysis so that the proportion 

out of the total observed variance, which is attributed to such PC, is known. Factor 

loadings indicate how the variables are related to PCs. In general, the magnitude of 

the loading depicts the strength of the variables‘ association with that factor, while 

its sign reflects direction of allometry relative to general size (Schaefer, 1991). 

CCA was developed by ter braak (1986) to explain that composition of biota was 

due to variation in PCFs and so is widely used for determining distributional 

patterns of fishes. 

 

3.10 RESEARCH PLAN 

Though primarily adverse impacts of climate change were planned to be 

assessed and evaluated, but there were various very important non climatic 

changes that also needed to be looked into if not comprehensively evaluated. The 

schematic plan is given below on how the study was planned and conducted. The 

scheme of study show that climatic changes manifests in the form of increase in 

average temperature and variation in precipitation which effect the biota and PCFs 

with subsequent changes in fish assemblage, composition and distribution of fish 

fauna which consequently impacts the production of Kalpani stream. Fish was 

selected as bioindicator for assessing and evaluating the adverse impacts of 
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climatic changes on the fresh water ecosystem. Relationship of the various factors 

was tried to be established to arrive at a conclusion that how much these impact the 

system. Scenarios were generated in the fish fauna, in PCF and water discharge to 

paint the future picture of various components of the Kalpani ecosystem both 

under the impacts of climatic as well as non climatic changes. Various data 

analysis techniques were employed to work out the current and future scenarios of 

how the freshwater ecosystem would be in and around 2025 on the basis of the past 

and prevailing data. 
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 Figure 3.2: Research Plan 
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Figure 3.3: Study approach in the form of flow chart 

 

Figure 3.3: Study approach in the form of flow chart 
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Chapter 4 

RESULTS AND DISCUSSION 

4.1 FRESH WATER ECOSYSTEM OF KALPANI STREAM 

Kalpani stream is dying. Kalpani the life line of Mardan and part of 

Nowshera districts is under increasing stress from human habitation and the 

changing climate. The ecosystem services are being impaired by anthropogenic 

activities. Flash floods which of late have regularly been occurring have been 

giving Kalpani stream new lease of life e.g. August 5
th

 2006 floods were the 

maximum of the recorded history (more than 800, 00 cusecs of water) of Kalpani 

stream. While it took away precious human life and damaged property and 

infrastructure it cleaned Kalpani stream of all sorts of pollution and prepared new 

habitats for biota especially fish. It has globally been observed that floods that visit 

a water body with regular intervals of two years help the system to reset by getting 

rid of hazardous fine materials from the streambed leading to increased 

productivity in baseflow periods. High flows help organisms to distribute over the 

entire stretch of the water body. Prior to discussing the research findings it would 

be better to draw a holistic picture of climatic changes and their impact on 

freshwater ecosystems and develop an understanding of the issues, dynamics and 

formulate recommendations to address the issues. The increased frequency of the 

flash floods after 1994 could be attributed to the changing climate in the area. But 

one thing can be said for sure that Kalpani is ‗imperiled‘. 

 

Societal water management goals of the 21
st
 century include maintaining 

and enhancing natural aquatic communities and ecosystem services. In other
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 words, now healthy aquatic communities, sedimentation control, flood plain 

connectivity, high water quality, and Riparian corridor enhancement is often 

viewed at par with the previously existing goals of water supply, flood control, 

channel maintenance, power production, and commerce. Thus, the paradigm has to 

shift from a simple question of ―How much water can be taken from streams and 

lakes for human use?‖ to a more complex question of ―How much water is 

required in streams and lakes to sustain critical water-dependent natural 

resources?‖ The new paradigm must include a shift to a full range of scales rather 

than only small scale, consideration of the whole hydrograph not just minimum 

flows, a dynamic channel as opposed to a static channel, linkage of surface water 

and ground water, and ecological communities rather than single species. These 

shifts in scale and endpoints of concern have created gaps in the scientific 

information base available for management decisions, and point to the areas of 

greatest need for new research. Surface-water withdrawals, ground-water mining, 

dams and other types of flow regulations, channel modifications, water 

development, and riparian vegetation management can result in water-level 

depletion and/or alteration of natural flows and levels. Atmospheric deposition and 

terrestrial loadings to streams, rivers, wetlands, lakes and ground water introduce 

contaminants, nutrients, and sediment that cause toxicity, siltation, and 

eutrophication, respectively. Many aquatic ecosystems have been compromised to 

the point where the dependent fauna and flora have severely been affected. 

Groundwater withdrawals cause declines in ground-water levels, resulting in 

decreased streamflow during dry periods and increasing stream temperatures. 
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Depletion and contamination of water resources have serious consequences for 

water-dependent natural resources in all areas. 

 

The investigations describe how water use and allocations are expected to 

affect fish and their habitats in Kalpani Stream, 1) identify the water needs of fish; 

2) recommend to ensure that those needs are reflected in water allocation plans and 

decisions; 3) anticipate and address any adverse effects on fish caused by shortfalls 

in water allocations; 4) how changing climate affect the ecosystem services; 5) 

how changing climate affect the aquatic environmental factors, biota and how they 

impact each other and 6) ultimately the overall ecosystem of Kalpani stream and in 

turn the socio-economy of Mardan and Nowshera districts. 

 

4.2 STRUCTURE AND FUNCTIONS OF THE FRESHWATER 

ECOSYSTEM 

 

Freshwater ecosystems cater for common needs for water and other 

services within certain parameters of quality and quantity, requiring a range of 

natural variation to maintain the resilience. They vary from place to place and 

climate to climate but share important common features. The variation in flow 

impacts water quality and habitat conditions which in turn influences size, pattern 

and composition of dependent flora and fauna. 

 

During the course of its journey freshwater ecosystem establishes linkages 

between upstream and downstream, surface and ground-waters and floodplains 

with riparian wetlands. It receives runoff from land laden with anthropogenically 

generated material which influences their structure and functions. The spatial and 
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temporal interaction of these interconnected and interdependent influences or 

drivers that determines the nature and degree of dynamism can be grouped in to 

five: 

1. Flow regime 2. Material input and chemistry 3. Light and Temperature 4. Plant 

and animal assemblage and 5. Climatic changes. 

 

Any assessment and evaluation of a freshwater ecosystem should include all five 

of these drivers. 

 

4.2.1 Flow Regime 

It includes rate of rainfall, snowmelt, circulation pattern and duration of 

storage within the ecosystems, which impacts the biological productivity and 

diversity. These processes are further divided into baseflow, periodic floods, 

extreme flood events, flow seasonality, annual variability and human impact. 

 

4.2.1.1 Baseflow 

It is defined as the minimum quantity of water directly influencing habitat 

availability. The duration and magnitude of baseflow depends on climate, geology, 

and vegetation of a watershed. 

 

4.2.1.2 Periodic Floods 

The floods that visit a water body with regular intervals of two years help 

the system to reset by getting rid of hazardous fine materials from the streambed 
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leading to increase in production in baseflow periods. High floods may also 

facilitate distribution of organisms throughout the stretch of the water body. 

 

4.2.1.3 Extreme Events 

Such as floods occurring in river system from 50-100 years (the high 

extreme flash floods that have regularly been visiting the Kalpani stream e.g., 

particularly 2005 and 2010 floods), bring large amounts of sediment which are 

often transferred to floodplains leading to diversification and resetting of habitats. 

High flows rid the system of weakly adapted species such as nonnative fish species 

(it can be safely argued of the fish fauna remaining intact for a long time in 

Kalpani stream such as the endemic species, will be under threat of local 

extinction). 

 

4.2.1.4 Flow seasonality 

Fish like Cyprinus carpio depend on variation in annual spats for 

reproduction so any uncertainty drastically impacts the spawning and in turn the 

production of the water body. 

 

4.2.1.5 Annual variability  

It refers to yearly variation in the runoff volume which impacts the species 

diversity, food web and structure in turn affecting the productivity. 
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4.2.1.6 Human impact 

Hardly any water body can be found that is pristine i.e. not been affected by 

human activities. While water through modern technology has been taken to the 

place of need with high degree of success little consideration has been given to the 

need and the integrity of life and its support system in the water bodies. Damming, 

sand and gravel mining, construction along the banks etc have been causing loss of 

fish species which ultimately degrades the water body both qualitatively and 

quantitatively. 

 

4.2.2  Materials input and chemistry  

Basically responsible for providing support material that sustains life such 

as substrates, cover, refuges for reproduction and growth and nutrients. The 

nutrient load that enters the ecosystem from land runoff and watersheds is 

responsible for habitat structure and function especially in smaller rivers and 

streams (Kalpani stream presents a classical example), where it is a source of 

energy and raw materials for substrates. Flora and fauna over the periods adapt to 

the sediment volume and movement and any variation in it causes stress to which 

they may not be able to cope. The organisms both flora and fauna are perfect 

natural recycling machines and are responsible for the health of the ecosystem by 

carrying out natural processes like nutrient cycling, purification and 

decomposition. Anthropogenic activities have drastically altered the dynamics of 

the sediment through damming, for example, which alters the sediment regime 

both upstream and downstream increasing it upstream and decreasing it 

downstream. 
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4.2.3  Light and temperature 

They are responsible for oxygen content of a water body which in turn 

affects the water chemistry and physiology of biota. Light and temperature are 

depended upon the suspended material, water chemistry and algal activities, which 

regulate the metabolic processes, activity levels, and productivity of biota which in 

turn impacts the productivity of the water body. Variation in the thermal regime 

defines composition, distribution, association and behavior, of a particular flora 

and fauna of a water body. Human interferences such as damming of water bodies 

can change thermal regime and impact species abundance. e.g., the mean monthly 

temperature range changed from 2
 o

C in winter and 18
 o

C in summer to 4 
o
C and 9 

o
C with construction of a George dam in Utah‘s Green River resulting in loss of 18 

genera of insects and allowed freshwater shrimp to dominate the invertebrate 

fauna. The insect fauna has still not recovered. With the growing demand for water 

and power Kalpani stream may also see a dam construction in future which 

definitely is going to alter the quality and quantity of water. 

 

4.2.4  Plant and animal assemblages’ 

Interaction of plant and animal assemblages‘ affects ecology of water body. 

It provides support to the water body in coping with external stresses. It may seem 

that certain species in a water body perform superfluous activities which seem to 

have no bearing on ecology of the water body but it certainly provides cushion in 

times of stress on the water body and supports it to adjust, respond better and 

protect from degradation to a certain extent. Higher biodiversity and connectedness 

to other water bodies which facilitates the mobility of species provides capacity to 
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maintain ecological functions and in turn the benefits that it accrues. Kalpani 

stream in this regard is connected to Kabul River which provides it the insurance to 

maintain a certain level of ecological functions. Anthropogenic activities may push 

water bodies beyond their capacity of resilience and impair their ecological 

functions both spatially and temporally. These changes in the ecosystem can invite 

invasive species which thrive in such conditions, providing the local fauna with 

tough competition which may result in local extinction of certain species, which 

may or may not affect the productivity of the water body but certainly its 

resilience. 

 

4.2.5  Climatic Changes 

Having discussed and understood the structure and function of how a 

freshwater ecosystem operates and lives, comparisons can now be drawn with 

Kalpani stream to assess and evaluate the impacts of various factors that are 

responsible for putting the stress on the freshwater ecosystem and its life support 

systems under changing climatic conditions. 

 

4.3  FISH FAUNA AND FISH AS A BIOINDICATOR 

For generating scenarios the fish species caught were grouped into cyprinid 

(19 species) and non-cyprinid fish (12). The two groups were then divided into 

summer and winter scenarios to evaluate the response of fish fauna to climatic 

changes and different levels of domestic and industrial pollution. The Cyprinid 

group belongs to 1 order, 1 family, 12 genus and 19 species, of which 17 are native 

and two are introduced (Appendix 5), while Non Cyprinid belongs to 4 orders, 8 
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families, 10 genus and 12 species, of which 5 are endemic, 6 native and 1 

introduced (Appendix 6). 

 

Under the winter scenario of Cyprinid group zone 1 had 6 species, 2 had 5 

species, 3 had 1 species, 4 and  5 had 1 species each, 6 and  7 had 4 species each, 8 

had 10 species, 9 had 13 species, and 10 had 16 species. It showed that the 

diversity increased from north to south with maximum at Nowshera zone not only 

species wise but also number wise (Figure 4.1 and Table 4.1). Crl species was the 

fish caught the most number of times followed by Top with Puc and Gag caught 

less number of times. 
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Table 4.1: Fish Species (Cyprinid) in Various Zones in winters 

 

Representative 

Name 

Crl Top Bam Bav Bap Puc Put Pus Pur Puv Sab Gag Lad Lar Asm  Dad Chl Caa Cyc 

Chanchanokhat 0 0 0 0 2 0 4 2 0 0 0 2 0 2 0 0 2 0 0 

Pirabad 0 0 0 0 2 0 3 0 0 0 0 0 2 2 0 0 1 0 0 

Gujar Garhi 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 

Baghdada 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 

Hoti 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 

Turo Mayar 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 

Chowki Nisar 7 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 1 2 

Ghala Dhair 25 5 1 4 0 0 2 0 0 0 1 0 2 0 0 2 0 4 3 

Risalpur 31 9 2 2 0 0 2 0 0 1 2 0 1 3 6 5 0 3 5 

Nowshera 52 8 1 5 0 2 2 6 3 3 3 0 4 6 5 4 0 5 5 
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Figure 4.1: Cyprinid fish winter scenario 
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 Under the summer scenario of Cyprinid group zone 1 had 8 species, 2 had 8 

species, 3 had 8 species, 4 and  5 had 6 species each, 6 had 9 species, 7 had 8 

species, 8 had 11 species, 9 had 10 species, and 10 had 14 species. It showed that 

the diversity increased from north to south with maximum at Nowshera zone not 

only species wise but also number wise (Table 4.2 and Figure 4.2). Crl species was 

the fish caught the most number of times and found in all the zones, followed by 

Top and found in all the zones with Puc caught less number of times. 

 

Under the winter scenario of Non Cyprinid group zone 1and  2 had 3 

species each, 3 had 2 species, 4 , 5 and  6 had none, 7 had 2 species, 8 had 4 

species, 9 had 6 species, and 10 had 9 species. It showed that the diversity 

increased from north to south with maximum at Nowshera zone not only species 

wise but also number wise (Table 4.3 and Figure 4.3). Myb species was the fish 

caught the most number of times followed by Orm with Hef and Glp caught less 

number of times. 

 

Under the summer scenario of Non Cyprinid group zone 1and  2 ha 3 

species each, 3,4 &and  5 had 2 species each, 6 had 2 species, 7 had 3 species, 8 

had 6 species, 9 had 11 species, and 10 had 10 species. It showed that the diversity 

increased from north to south with maximum at Nowshera zone not only species 

wise but also number wise (Table 4.4 and Figure 4.4). Myb species was the fish 

caught most number of times followed by Orm with Hef and Glp caught less 

number of times. 
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Table 4.2 Table 4.2: Fish Species (Cyprinid) in various zones in summers 

 

Representative Name Crl Top Bam Bav Bap Puc Put Pus Pur Puv Sab Gag Lad Lar Asm Dad Chl Caa Cyc 

Chanchanokhat 15 3 3 0 15 0 20 0 0 0 0 8 0 0 0 11 0 8 0 

Pirabad 29 5 2 0 8 0 15 3 0 0 0 3 0 0 0 7 0 0 0 

Gujar Garhi 19 6 3 0 5 0 12 3 0 0 0 0 0 0 0 4 0 0 1 

Baghdada 17 10 0 0 2 0 3 0 0 0 0 1 0 0 0 0 0 3 0 

Hoti 12 9 0 0 4 4 0 5 4 0 0 0 0 0 0 0 0 0 0 

Turo Mayar 22 21 0 5 0 0 0 11 2 0 0 3 0 0 2 0 0 2 4 

Chowki Nisar 15 2 0 0 0 0 0 9 8 0 0 0 3 0 4 0 0 1 9 

Ghala Dhair 20 16 0 5 0 0 0 6 6 5 5 0  8 0 0 0 1 1 3 

Risalpur 27 13 0 13 0 0 0 0 15 11 8 0 7 0 15 0 3 0 12 

Nowshera 65 25 0 16 0 0 0 17 31 19 10 0 13 27 34 4 7 2 15 
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Figure 4.2: Cyprinid fish summer scenario 
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Table 4.3: Fish Species (Non Cyprinid) in various zones in winters 

Representative Name Tin Scm Myb Hef Acb Orm Chp Gln Glp Omp Maa Myc 

Chanchanokhat 0 3 0 0 5 0 0 2 0 0 0 0 

Pirabad 0 4 0 0 1 0 0 3 0 0 0 0 

Gujar Garhi 0 2 0 0 4 0 0 0 0 0 0 0 

Baghdada 0 0 0 0 0 0 0 0 0 0 0 0 

Hoti 0 0 0 0 0 0 0 0 0 0 0 0 

Turo Mayar 0 0 0 0 0 0 0 0 0 0 0 0 

Chowki Nisar 0 0 1 0 0 0 1 0 0 0 0 0 

Ghala Dhair 0 0 2 0 0 0 0 0 0 1 1 3 

Risalpur 1 0 7 0 0 4 2 0 0 2 0 3 

Nowshera 4 0 6 2 0 7 1 0 1 2 3 2 
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Figure 4.3: Non Cyprinid fish winter scenario 
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Table 4.4: Fish Species (Non Cyprinid) in various zones in summers 

Representative Name Tin  Scm Myb  Hef  Acb  Orm  Chp  Gln  Glp Omp  Maa  Myc  

Chanchanokhat 0 20 0 0 9 0 0 7 0 0 0 0 

Pirabad 0 35 0 0 8 0 0 4 0 0 0 0 

Gujar Garhi 0 0 0 0 3 0 0 0 0 0 1 0 

Baghdada 0 0 0 0 1 0 0 0 0 0 3 0 

Hoti 0 0 6 0 0 5 0 0 0 0 0 2 

Turo Mayar 0 0 6 5 0 0 0 0 0 0 0 0 

Chowki Nisar 0 0 10 0 0 8 5 0 0 0 0 0 

Ghala Dhair 0 0 15 0 0 11 0 0 3 4 2 9 

Risalpur 5 0 24 1 1 18 2 2 3 4 5 14 

Nowshera 8 0 60 1 2 24 4 0 1 3 4 17 
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Figure 4.4: Non Cyprinid fish summer scenario 
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 A look at the Figures 4.1-4.4 and Tables 4.1-4.4 would reveal some 

interesting facts like the fish biodiversity and catch increase from north to south 

with maximum in Risalpur and Nowshera zones alluding to optimum 

environmental conditions. The fact was supported by the temperature regime 

which was around 30 
o
C in the summers and 15-16 

o
C in winters (during the study 

period). Crossocheilus latius and Tor putitora cyprinid species were present in all 

the zones and were caught maximum number of times, while under the Non 

Cyprinid Myb was caught the most times. Tor putitora or Mahseer – the anglers 

dream fish occupied all the zones, which is very heartening and indicates that 

deterioration has not crossed the limits and there is enough hope to restore the 

optimum environmental conditions of the Kalpani stream. So it can be said that 

Tor putitora is the bioindicator of the health of Kalpani freshwater ecosystem and 

any improvement either at species level or population level of Tor putitora would 

be an indication of improvement in the environmental conditions of Kalpani. 

 

The composition at a particular zone varies with the season and time of the 

year. For example in zone 1 in winters 6 Cyprinid species were caught but in 

summers the number increased to 8 but interestingly the species composition was 

not the same i.e. Gag and Chl were missing in summers and instead Crl, Top, Bam 

and Dad were added to the fish assemblage. Similarly in zone 2 in winters 5 

cyprinids were caught, in comparison in summers 8 species were caught. Lad, Lar, 

Chl were found missing in summer and instead Crl, Top, Bam, Pus and Dad 

become part of the fish composition in zone 2. At the species level Bam is found in 

winters in the lower three zones while in summers it was found in the upper three 
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zones. Similar was the case of Put, Dad and Chl. Bap and Gag stretch from their 

winter position to the southern zones i.e. to 5
th

 and 6
th

 zones respectively. The 

species composition in Non Cyprinid did not vary too much both in winters and 

summers except in zones 4, 5 and 6 where there were no fish in winters but in 

summers the situation improves. One reason could be that there ecological range 

was restricted and more so they were probably unable to stretch down south. From 

both the winter and summer scenarios it can be seen that 4, 5 and 6 were the zones 

that fish did not relish. The other reason could be overfishing, loss of habitat due to 

various reasons and close to the lethal levels of pH (Table 4.6) just below which 

fish kills happen. 

 

Unfortunately little or no data was available on the invertebrates or other 

forms of life which would have helped in drawing a holistic picture. The presence 

of fish in particular the presence of Mahseer throughout the length of the water 

body suggests that no part of the stream is ‗biologically degraded/ dead‘ at least in 

particular months if not the whole year. However the concentration of metals 

present was almost certainly causing sub lethal effects upon distribution, 

composition and abundance of aquatic organisms. Most of the metals show the 

ability to bioaccumulate within biota, and then biomagnifies through the food 

chain. The risk in fish consumption cannot be ruled out. This aspect needs to be 

thoroughly investigated to avoid human health hazard in future. 

 

Under scenario generated for assessing the response of fish to variation in 

water discharge under climatic changes for over 200 rivers across the globe reveal 
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that 65-70% in river basins showed increases in discharge, of Asia, North America 

and northern Europe but at the time scale of the scenario (2070) it need to be kept 

in mind that fish species abundance and richness will not increase, because rates of 

species evolution are slow in relation to changes in environment. Rosenzweig 

(1995) through his Island biogeography theory and terrestrial species–area curves 

proved that increase in discharge results in increase in diversity at local level. To 

confirm these results further investigations need to be carried out but it has been 

seen in certain cases that increase in discharge and corresponding changes in 

environmental conditions allows introduced species to establish (Kolar and Lodge, 

2002), but many species are threatened or endangered for local extension in rivers 

faced with decreasing trend in water discharge e.g. the Colorado pikeminnow 

(O‘Brien, 1987). Applying this to Kalpani that in the years of increase in 

precipitation introduced species which are most in numbers belonging to group 

cyprinids will multiply provided that other environmental factors are favorable. 

 

4.4 PHYSICOCHEMICAL FACTORS (PCFs) AND THEIR 

RELATIONSHIP WITH VARIOUS COMPONENTS OF THE 

FRESHWATER ECOSYSTEM 

 

Studies on effects of environmental changes on biotic resources and human 

health have, recently, come into the fore. Little is available in terms of 

comprehensive work on water bodies. Research so far has remained focused on 

describing physicochemical parameters in commercial ponds of the central Punjab, 

artificial lakes in Sindh, seasonal variations of parameters on Ravi and Chenab 

Rivers and studies of industrial effluents in northern Punjab. Relatively 

comprehensive work has been carried out on river Kabul and its tributaries from 
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1988 to 1994 in former NWFP now Khyber Pakhtunkhwa. Of late PCRWR has 

also undertaken work in various cities of Pakistan. But the challenge is enormous 

and requires all the more comprehensive response from all quarters. 

 

Discussion on the details of the findings of the research encompass as to 

how an individual environmental factor can affect the aquatic life. This would help 

in developing an understanding of the conditions of living that are available to fish 

in Kalpani freshwater ecosystem. Under the current study plan impact of PCFs on 

fish and then within the PCFs each individual PCF was plotted against the other to 

study which PCF is affecting the other i.e. intrarelationship of PCF was studied 

(Tables 4.7-4.14, 4.5.1 and 4.6.1). 

 

The physicochemical data as per the research design was divided into 

summer and winter scenarios. 21 aquatic PCFs were selected for data collection 

(Tables 4.5 and 4.6). Personal observations and collected data suggest that the 

stretch of the stream between Chowki Nisar and Ghala Dhair is the most polluted. 

The water level here is comparatively deeper and slow which is also impacting the 

PCFs and in turn the fish population. One of the factors responsible for the state of 

the affairs at the site is heavy sand mining and gravel extraction and then 

accumulation of industrial waste of Rashkai, Risalpur and domestic waste of 

Mardan and Nowshera districts some of which settles down at the site. 
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Table 4.5: Physicochemical parameters in winters 
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Chanchanokhat 19 8 316 7 255 5 0.3 1 0 520 12 200 118.36 200 24.2 111.4 0.196 0.63 0.188 0.51 0.53 

Pirabad 19 8 306 7.5 269 8 0.3 1 0 487 15 198 126.86 196 28.72 112.47 0.191 0.83 0.188 0.57 0.61 

Gujar Garhi 18 7 295 7 222 18 0.4 1 0 447 21 193 125.3 193 31.98 116.38 0.198 1.022 0.176 0.65 0.57 

Baghdada 18 7 293 7.5 202 20 0.45 1 0 457 24 174 129.35 188 30.73 97.38 0.176 1.789 0.178 0.66 0.51 

Hoti 16 7 290 7.1 211 20 0.5 0 1 463 24 168 135.19 185 37.7 99.9 0.176 2.768 0.181 0.65 0.5 

Turo Mayar 16 8 292 7.5 265 55 0.6 0 1 466 18 167 122.22 193 35.57 89.78 0.187 3.161 0.177 0.75 0.48 

Chowki Nisar 16 5 280 5.5 228 48 0.6 0 1 504 16 160.5 127.38 210 42.27 81.46 0.288 4.285 0.247 0.91 1.64 

Ghala Dhair 16 5 277 6 224 35 1 0 1 473 16 159 138.21 192 35.25 88.16 0.686 4.232 0.232 0.85 1.78 

Risalpur 16 6 275 6.8 236 35 0.5 0 1 479 15 166 139.58 197 34.45 79.79 0.55 3.987 0.215 0.83 1.38 

Nowshera 15 7 272 6.5 258 32 0.5 0 1 483 15 173 124.34 206 31.65 71.72 0.269 2.568 0.211 0.83 1.38 



93 

 

 

Table 4.6: Physicochemical parameters in summers 
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Chanchanokhat 24.5 6 316 7.29 325 5 0.2 1 0 315 16.63 174.66 104.49 185.34 355.3 93.76 0.26 1.56 0.22 0.49 0.49 

Pirabad 25 6 306 7.25 320 8 0.3 1 0 318 25.46 178.64 106.61 188.8 333.4 95.6 0.36 1.88 0.21 0.51 0.5 

Gujar Garhi 25 5.5 295 4.02 314 18 0.5 1 0 300 14.86 186.86 106.18 197.72 382.9 92.67 0.34 1.93 0.22 0.62 0.49 

Baghdada 26 5 293 7 313 20 0.5 1 0 345 18.85 180.82 111.45 194.45 354.5 88.94 0.29 2.34 0.23 0.56 0.47 

Hoti 26 5 290 7.1 316 20 0.8 0 1 356 16.28 186.4 115.65 188.45 412.5 84.34 0.32 2.46 0.22 0.65 0.48 

Turo Mayar 27 5 292 7.15 325 100 0.8 0 1 360 21.42 193.15 134.23 179.9 375.2 83.46 0.38 2.68 0.22 0.71 0.44 

Chowki Nisar 29 4.6 280 7.31 336 95 2 0 1 558 60.58 216.41 123.72 196.72 459.3 78.86 0.61 8.03 0.21 0.89 1.45 

Ghala Dhair 28 4.5 277 7.23 327 85 1.5 0 1 560 56.78 210 119.72 158.59 363.7 78.77 0.54 7.54 0.22 0.88 1.32 

Risalpur 30 4 275 6.8 190 80 1 0 1 504 40.5 195.24 116.23 147.56 388.4 67.88 0.43 8.48 0.22 0.82 1.17 

Nowshera 30 4 272 4.04 153 80 0.8 0 1 509 35.25 116.57 131.5 141.29 333.2 65.22 0.37 8.63 0.22 0.76 1.04 
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Table 4.5.1: Physicochemical factors intrarelationship (winter PCFs) 

 Temp Altitude TDS Turbidity Conductivity TSS 

Temp  76.7     

DO 18.7 46.4     

pH 16.5 26.2     

Turbidity 55.4 39.5     

Depth  33.9     

Gravely bed  57.4     

Muddy bed  57.4     

Conductivity   13.6   59.9 

TH 70.3 64.5     

Ca  26.8     

TA     38.1  

Cl
-1

 45.3 37.4     

SO4
-2

 73.5 72.5     

Co  28.5     

Fe 65.5 64  64.4   

Cr 16.6 32.9  12.9 10.8  

Ni 66.0 84.9  63.7   

Zn 28.8 56.8  14.6   
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Table 4.6.1: Physicochemical factors intrarelationship (summer PCFs) 

 Temp Altitude Turbidity Conductivity TSS 

Temp  81.4    

DO 88.4     

pH  0.0    

TDS  24.5    

Turbidity  54.6    

Depth  44.7    

Gravely bed  57.4    

Muddy bed  57.4    

Conductivity 76.8 67.6 59.4  92 

TSS 54.5 47.2    

SO4
-2

 92.5 78.3  61.8  

Co 32.6 32.8 49.5 66.7  

Fe 90 74.3 54.9 92.1  

Ni 69.8 75.5 76.3 83.6  

Zn 63 52 44.4 93.4  
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The PCFs data was put to Regression tests which resulted in generation of 

around 1300 graphs which could not be accommodated in the thesis; however a 

few sample graphs are appended as 12-19 at the end of the thesis as ready 

reference. For the sake of convenience R-square values of each graph, as per the 

design of the research have been summarized into tables 4.7-4.14, 4.5.1 and 4.6.1. 

 

Each individual species was plotted against each environmental factor to 

assess the response of the fish against that factor (Tables 4.7-4.14). Each PCF was 

plotted against each other to develop intra-relationship among them and to assess 

which factor impacts the other especially in view of the changing climatic 

conditions (Tables 4.5.1 and 4.6.1).  To have a glance at the relationship of PCFs 

tables have been developed showing the R-Square values, to assess which 

environmental factor is impacting a species and to what extent and in turn is 

influencing ecological processes of the Kalpani stream. In other words how strong 

relationship that particular species has with a PCF(s). For example in Table 4.7 

Crossocheilus latius seems to have strong relationship with TDS, TH, Ca andSO4
-2.

  

 

That means they prefer an environment with these factors in dominancy 

and in turn it would mean that the other PCFs have lesser or no effect on the fish 

species. The tables reveal that every individual species has a peculiar liking for 

certain PCF or set of factors and which defines its niche in the freshwater 

ecosystem of Kalpani. For the sake of convenience 20+ has been taken as a figure 

of minimum importance i.e. the bigger the figure the more important the factor for 

a species. The values with 20-35 has been taken as low to moderate, 35-55 as high, 

55-70+ as higher and beyond as very high. 
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Table 4.7: R-Square (Regression) values of summer cyprinid vs. summer environmental factors in % 

 Temperature DO Altitude 
pH 

TDS Turbidity Depth Gravely bed Muddy bed Conductivity TSS TH 

Crl 27.60 20.50 18.90 0.20 67.60 8.50 0.70 5.30 5.30 9.60 1.40 69.00 

Top 30.40 39.60 33.80 2.80 35.10 34.30 0.50 31.10 31.10 11.70 2.40 22.90 

Bam 52.40 64.20 59.00 0.90 8.40 47.50 37.80 61.50 61.50 42.10 29.00 0.80 

Bav 64.00 59.80 47.30 0.10 85.20 34.30 2.30 31.40 31.40 31.20 12.50 26.50 

Bap 59.20 71.10 81.10 11.70 11.50 62.40 45.20 51.30 51.30 44.20 34.80 1.80 

Puc 3.10 0.00 0.00 3.30 1.70 7.60 0.10 7.40 7.40 3.50 7.20 0.10 

Put 57.90 75.40 76.40 6.50 10.10 56.70 46.70 71.00 71.00 44.90 32.00 1.60 

Pus 28.00 22.20 27.10 0.00 12.00 14.30 36.40 36.40 36.40 19.50 11.80 18.70 

Pur 68.30 60.80 53.30 0.00 80.30 28.00 8.40 33.40 33.40 41.60 20.10 37.50 

Puv 57.70 54.20 45.30 0.00 89.50 19.70 1.80 21.20 21.20 32.60 13.10 41.10 

Sab 62.70 60.70 52.10 0.60 81.00 24.70 4.70 25.90 25.90 42.60 21.40 22.60 

Gag 32.40 47.90 68.00 28.00 9.80 17.10 31.20 24.80 24.80 26.80 19.90 1.00 

Lad 68.70 63.40 60.90 2.00 60.90 34.90 16.40 32.90 32.90 61.90 40.10 18.50 

Lar 24.70 22.00 19.30 1.40 57.40 6.60 0.10 7.40 7.40 10.10 1.70 76.00 

Asm 53.80 45.90 36.90 0.30 88.00 18.40 1.00 18.40 18.40 23.40 7.70 53.30 

Dad 28.60 46.50 52.90 15.90 0.20 35.80 41.30 41.70 41.70 23.50 20.50 17.60 

Chl  50.40 46.50 38.50 0.10 88.20 15.70 0.60 17.20 17.20 25.10 8.30 54.40 

Caa 10.40 13.30 29.50 12.30 1.90 6.80 13.50 13.60 13.60 6.50 4.60 5.50 

Cyc 86.30 67.90 59.60 0.60 66.60 51.90 22.60 40.70 40.70 54.70 36.30 11.40 
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Table 4.8: R-square (Regression) values of summer cyprinid vs. summer environmental factors in % 

Ca TA Cl
-1

 SO4
-2

 Co  Fe Cr Ni Zn (%) 

33.20 14.90 27.50 35.60 0.10 22.80 0.10 2.70 5.10 

0.00 0.00 15.90 43.10 0.10 16.80 12.60 14.10 2.00 

19.40 2.50 7.60 49.10 21.30 35.50 3.20 44.60 23.30 

5.20 1.90 8.00 77.90 2.30 51.80 1.60 24.30 20.70 

17.10 2.90 9.00 50.50 36.10 43.80 1.10 63.20 30.50 

0.60 3.20 11.30 0.20 5.00 5.50 0.40 0.90 6.90 

20.70 8.70 15.20 56.20 27.30 40.60 3.20 60.60 27.00 

0.00 0.00 0.00 29.30 11.20 20.70 5.40 22.10 10.00 

15.30 0.70 1.30 79.70 5.80 62.00 0.10 27.40 31.40 

21.50 2.80 10.60 72.40 1.60 53.80 1.10 18.80 23.80 

12.60 2.80 8.30 75.80 5.10 62.80 1.30 27.90 33.60 

1.00 1.20 12.50 29.20 24.30 29.50 0.10 41.00 22.80 

10.30 1.30 3.80 75.90 16.80 76.10 0.00 41.70 51.30 

37.50 1.60 15.30 35.50 0.40 20.80 0.40 2.90 4.80 

23.20 1.60 6.00 65.90 0.50 44.20 0.10 12.80 16.30 

38.90 12.20 25.00 23.20 25.30 17.60 5.00 45.20 14.40 

27.70 2.60 12.10 65.20 0.30 45.00 0.90 12.80 17.10 

4.70 7.60 8.30 7.20 18.10 8.10 8.70 18.70 6.40 

1.50 0.00 1.40 84.30 20.80 76.40 2.60 46.20 48.40 
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Table 4.9: R-square (Regression) values of Winter cyprinid vs. Winter environmental factors in % 

 Temperature DO Altitude 
pH 

TDS Turbidity Depth Gravely bed Muddy bed Conductivity TSS TH 

Crl 44.80 13.60 57.50 18.70 3.90 10.60 12.90 31.40 31.40 0.80 15.90 16.10 

Top 39.80 11.00 52.50 7.50 3.90 13.40 13.10 33.00 33.00 0.00 15.10 18.30 

Bam 25.40 20.10 44.90 8.90 0.20 6.70 12.20 24.20 24.20 0.00 13.40 16.50 

Bav 35.70 15.90 47.80 19.90 1.60 5.60 28.40 24.50 24.50 0.00 12.20 14.60 

Bap 58.30 31.00 64.10 10.40 31.60 46.40 32.10 37.50 37.50 37.70 27.90 62.70 

Puc 21.20 0.40 19.30 3.20 9.90 0.90 0.10 7.40 7.40 0.70 5.00 0.40 

Put 14.00 5.60 11.80 0.00 33.30 25.50 4.90 6.70 6.70 45.00 63.50 25.20 

Pus 15.30 6.80 10.60 38.10 0.30 3.90 0.40 8.30 8.30 14.40 3.60 1.60 

Pur 21.20 0.40 19.30 3.20 9.90 0.90 0.10 7.40 7.40 0.70 5.00 0.40 

Puv 27.40 0.00 30.30 3.30 9.20 2.10 0.10 12.70 12.70 0.70 8.60 1.90 

Sab 35.90 6.50 48.20 8.90 4.50 5.00 4.50 23.10 23.10 0.40 13.60 9.20 

Gag 25.90 13.80 43.30 0.70 7.30 23.70 14.30 16.70 16.70 45.30 23.20 30.30 

Lad 11.60 0.70 19.80 4.50 17.50 0.00 3.60 6.30 6.30 1.20 18.00 0.30 

Lar 4.80 3.10 6.30 0.20 27.80 1.50 7.60 1.70 1.70 11.80 29.20 2.70 

Asm 24.00 2.50 35.30 1.90 4.00 3.80 0.20 16.50 16.50 0.50 11.10 5.20 

Dad 47.10 34.50 52.90 5.90 29.90 51.30 39.80 41.70 41.70 30.70 29.00 79.60 

Chl  51.20 27.20 65.40 5.80 22.80 42.70 28.20 32.90 32.90 48.90 30.90 56.70 

Caa 41.70 10.10 51.80 4.90 0.20 29.90 32.60 26.80 26.80 2.80 1.40 35.80 

Cyc 51.90 26.20 67.80 26.70 2.70 24.20 17.60 44.40 44.40 1.90 19.50 28.80 
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Table 4.10: R-square (Regression) values of Winter cyprinid vs. Winter environmental factors in % 

Ca TA Cl
-1

 SO4
-2

 Co Fe Cr Ni Zn 

8.10 32.60 0.80 61.20 31.50 20.50 27.70 42.40 51.80 

19.00 17.40 0.60 54.40 45.60 26.00 18.50 41.80 47.90 

38.00 8.70 0.80 39.00 62.20 27.70 22.50 38.10 54.30 

10.20 18.10 0.10 43.20 41.40 16.80 25.50 31.10 47.00 

21.10 6.00 51.20 34.90 8.20 45.20 5.50 50.50 13.50 

4.80 37.40 1.30 28.40 0.20 0.00 2.60 7.00 6.40 

2.40 24.50 48.00 2.10 5.80 10.90 1.40 9.40 1.90 

10.30 40.80 9.20 16.30 4.00 2.20 20.90 11.10 10.00 

4.80 37.40 1.30 28.40 0.20 0.00 2.60 7.00 6.40 

0.10 40.40 0.70 40.60 1.50 1.70 5.30 15.10 15.40 

7.40 30.40 0.00 51.80 23.80 12.10 16.30 31.10 39.50 

27.10 7.60 40.40 14.60 3.50 22.40 2.40 30.30 7.30 

1.10 28.30 2.80 20.80 11.80 0.90 11.30 8.80 21.50 

2.00 53.70 13.60 17.70 0.60 1.00 2.50 1.90 8.60 

9.00 25.20 0.00 41.50 14.70 9.20 8.20 24.90 28.00 

42.10 19.20 67.40 31.80 12.90 62.00 8.00 48.90 13.40 

28.20 7.90 55.50 30.00 7.10 41.10 4.80 49.20 12.70 

6.50 5.90 1.90 63.20 26.40 28.10 12.30 41.90 28.90 

16.40 30.60 6.80 73.40 45.90 40.90 42.60 64.20 70.50 
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Table 4.11: R-square (Regression) values of Winter Non cyprinid vs. Winter environmental factors in % 

 Temperature DO Altitude pH TDS Turbidity Depth Gravely bed Muddy bed Conductivity TSS TH 

Tin 26.40 0.00 27.90 3.30 9.60 1.80 1.80 11.50 11.50 0.70 7.70 1.50 

Scm 72.30 31.90 64.80 14.00 22.30 54.60 40.00 58.10 58.10 11.20 13.20 85.50 

Myb 34.20 12.90 51.20 10.90 2.20 8.30 3.20 26.50 26.50 1.10 15.40 13.30 

Hef 21.20 0.40 19.30 3.20 9.90 0.90 0.10 7.40 7.40 0.70 5.00 0.40 

Acb 47.80 17.20 50.60 3.40 2.40 38.10 26.60 46.90 46.90 6.60 6.00 65.40 

Orm 28.60 0.50 34.90 3.00 7.80 2.90 0.10 15.20 15.20 0.70 10.30 3.10 

Chp 25.40 20.10 40.50 17.40 0.50 14.90 0.10 24.20 24.20 5.80 13.40 15.30 

Gln 55.60 29.60 55.50 12.50 33.50 42.90 30.60 35.70 35.70 27.30 22.90 58.70 

Glp 21.20 0.40 19.30 3.20 9.90 0.90 0.10 7.40 7.40 0.70 5.00 0.40 

Omp 34.40 11.90 51.10 9.70 2.30 6.20 7.70 25.60 25.60 0.20 14.70 12.90 

Maa 27.40 1.50 28.50 10.20 6.00 2.10 6.40 12.70 12.70 0.30 7.00 3.60 

Myc 28.70 30.30 49.00 17.50 0.00 7.60 33.90 27.40 27.40 0.00 13.50 22.10 
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Table 4.12: R-square (Regression) values of Winter Non cyprinid vs. Winter environmental factors in % 

Ca TA Cl
-1

 SO4
-2

 Co Fe Cr Ni Zn 

0.70 40.50 0.80 38.10 0.70 1.00 4.60 13.10 13.10 

22.20 2.70 48.70 61.00 13.10 64.20 13.00 56.70 20.50 

16.50 27.00 0.90 54.50 32.60 21.20 23.00 41.30 50.30 

4.80 37.40 1.30 28.40 0.20 0.00 2.60 7.00 6.40 

32.10 2.60 41.80 52.00 10.40 51.70 13.90 43.30 18.30 

0.80 37.70 0.40 44.60 5.10 4.00 6.80 19.90 21.20 

13.60 27.30 9.70 48.20 19.00 28.30 32.20 47.10 48.70 

14.90 4.20 42.50 33.70 7.90 42.10 5.20 45.00 12.30 

4.80 37.40 1.30 28.40 0.20 0.00 2.60 7.00 6.40 

18.10 22.10 0.10 50.70 40.10 19.10 20.30 36.80 49.10 

0.30 29.60 0.40 32.90 4.40 2.20 9.40 13.20 17.00 

40.70 6.00 1.20 38.10 81.40 32.90 31.40 40.60 63.60 
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Table 4.13: R-Square (Regression) values of Summer Non cyprinid vs. summer environmental factors in % 

 Temperature DO Altitude pH TDS Turbidity Depth Gravely bed Muddy bed Conductivity TSS TH 

Tin 52.00 46.50 35.50 0.40 97.50 13.80 0.10 15.60 15.60 20.50 5.50 48.60 

Scm 29.00 53.30 51.40 29.00 5.50 31.60 27.70 34.30 34.30 20.40 15.70 1.50 

Myb 62.00 56.90 50.50 0.00 77.20 27.60 5.90 31.40 31.40 38.10 17.30 43.10 

Hef 3.70 2.90 1.00 0.10 0.70 29.20 0.00 14.80 14.80 0.20 1.00 0.10 

Acb 35.40 57.00 62.70 18.20 1.40 44.50 45.90 52.90 52.90 29.40 24.30 8.60 

Orm 79.20 73.70 67.00 1.00 73.70 33.30 18.00 43.10 43.10 60.70 36.00 16.20 

Chp 58.40 37.40 37.10 1.40 23.60 33.20 39.30 24.50 24.50 50.00 44.00 3.20 

Gln 19.90 37.50 52.60 40.90 1.00 25.90 27.90 26.90 26.90 14.50 11.10 1.10 

Glp 38.80 41.60 39.10 6.80 21.90 23.70 15.10 23.20 23.20 45.90 36.20 2.20 

Omp 52.70 54.60 50.60 4.30 43.30 27.90 12.60 27.90 27.90 52.50 35.80 1.40 

Maa 42.40 52.50 40.30 6.70 68.10 8.80 0.40 5.10 5.10 20.40 8.10 12.90 

Myc 62.10 62.60 54.00 0.50 79.70 23.30 5.10 29.90 29.90 42.50 20.60 21.30 
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Table 4.14: R-square (Regression) values of Summer Non cyprinid vs. summer environmental factors in % 

Ca TA Cl
-1

 SO4
-2

 Co Fe Cr Ni Zn 

24.50 2.60 8.20 66.40 0.00 42.60 0.80 10.70 14.50 

10.30 57.90 20.70 33.30 9.30 20.00 22.70 40.90 12.60 

16.50 1.00 4.70 75.20 4.10 56.40 0.00 24.50 26.60 

29.90 0.70 0.40 4.20 0.00 0.10 0.80 2.20 3.50 

29.70 25.30 26.50 33.20 24.90 23.60 7.10 54.30 17.80 

8.10 0.50 0.10 88.90 14.90 79.90 0.10 43.80 50.80 

1.10 0.60 17.10 45.60 34.00 59.10 15.90 37.70 52.70 

10.50 13.10 12.10 18.00 16.00 12.20 4.80 33.70 7.50 

0.50 1.20 0.90 41.00 19.80 49.20 1.20 39.30 42.70 

1.30 1.90 4.20 59.50 15.70 62.00 1.40 40.20 45.30 

10.50 0.00 8.40 50.30 0.10 36.90 21.50 11.90 15.70 

11.60 2.30 6.60 77.20 4.80 61.80 1.50 28.70 32.70 
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It is also very interesting that species like Top show under the summer 

scenario, hardly any affinity with any environmental factors except heavy metals 

like Co, Fe, Ni, and Zinc and with SO4
-2

. But under the winter scenario its 

preferences change and the affinity shifts to temperature, TA and SO4
-2

. A look at 

the table 4.14 shows that Puc has adapted to its environment and has a low 

vulnerability and high resilience to absorb environmental shocks and surprises. It 

prefers shallow waters and could be one of the major reasons for its indifference 

towards the PCFs. It also means that fish species responds to environmental factors 

differently under different scenarios. Puc during the current study period was 

caught in Nowshera during the winter scenario (Table 4.1) while in summer 

scenario was captured in Hoti zone (Table 4.2), which means that given the 

environment it can stretch upwards. In the non cyprinid group e.g., Hef show 

affinity to turbidity and Calcium under the summer scenario, while under winter 

scenario show affinity to temperature, TA and SO4
-2

. It shows that it prefers to live 

in turbid and slow moving waters and is well adjusted to that environment, is 

omnivorous, has low vulnerability and has broader range tolerance for temperature 

so would absorb any environmental disturbances, though the resilience period is 

comparatively longer (Table 4.14). This fact can be verified from the habitat and 

habitat information available and summarized in the chapter (Table 4.15). Hef in 

winter was found in Nowshera (Table 4.3) while in summer scenario it was found 

in Turo Mayar and Risalpur (Table 4.4 and Figure 4.4). These zones are mostly 

turbid throughout the year, but since Nowshera provide it the most favorable 

conditions during the winters so it was caught in winters from that zone only. With 

increase in temperature and turbidity in summers Hef stretches its ecological range 



106 

 

 

upto Turo Mayar zone and may be even higher. So under changing climatic 

conditions the probability exists that it might stretch its thermal zone or ecological 

zone even further, in search of livable conditions. While in general pattern Cyc in 

the summer scenario has affinity with 16 out of 21 while Dad, Chl, Bap, have the 

affinity with maximum factors that is with 17 under the Cyprinid group. In non 

cyprinid Gln with 15 under the winter, while in summer Myc with 14 parameters 

leads the non cyprinid group. 

 

Studying the effects of bioaccumulation of heavy metals Saleemi (1993) 

has reported that wastewater to the tune of 9000 million gallons is being 

discharged daily into the water bodies from industrial sector of Pakistan. 

Ikramullah (2000) reported contamination of Amankot and Gaga Canals at 

Mingora, Swat (NWFP) due to industrial and municipal effluents. With population 

growing day by day need is felt to place a system that can regularly monitor, assess 

and evaluate the damage that is caused by pollution. As this is an expensive 

venture it is wise to select an indicator(s) which can provide information on the 

status of a water body. Fish can be a good bio-indicator because of being the apex 

species, occupying all the niches and easy-to-catch status. Having taken a general 

view of the PCFs, each factor is now dealt individually as follows. 
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Table 4.15: Ecological (Habit and  Habitat) information of fish species caught during study period 
 

Name Value 
Max 

size cm 

Max 

Wt 

gm 

Temper

ature 
o
C 

pH 
Hardness Environment Climate Diet Resilience  vulnerability Biology/ habit and habitat  

Chela laubuca 

Aquarium 

commercial; 

bait 

occasionally 

17  24-26  5-10 5-10 
Pelagic; 

freshwater 
Tropical 

Feeds on insects but also 

takes plants; zoo benthos, 

insects 

High 

(under 15 

months) 

Low to 

moderate 

(27 out of 

100) 

Inhabits the middle depth area of the 

stream; occurs in shallow areas of 

stream both in still and relatively 

fast-flowing waters; Depth 0-2 m 

Danio devario 
Commercial 

Aquarium  
10   15-26 6-8 5-19 

Benthopelagic, 

freshwater 
Subtropical 

Worms small crustacean 

and insects and 

substantial amount of 

filamentous algae and 

diatoms 

High, 

(under 15 

months) 

Low (20 of 

100) 

Inhabits rivers, canals, ponds, beels 

and  inundated fields; moderate 

current 

Carassius auratus  59   6.0-8.0 5-19 

Benthopelagic; 

potamodromous; 

freshwater 

Sub tropical  

Medium 

(1.4-4.4 

years) 

 Depth range 0 - 20 m 

Mystus cavasius 
Fisheries: 

commercial  
40 

10,0

00 
   

Demersal; 

amphidromous, 

freshwater 

Tropical  

Medium 

(1.4-4.4 

years) 

Moderate to 

high (51 of 

100) 

Found in tidal rivers and lakes; 

canals, inundated  

Mystus bleekeri 

Minor 

commercial; 

aquarium 

commercial 

15.5  18-26 5.8-8  ?-30 
Demersal; 

potamodromous 
Tropical Carnivorous 

Medium 

(1.4-4.4 

years) 

Low (24 of 

100) 

Found in lakes, tanks, rivers, canals 

and beels,  

Acanthocobitis botia 

Fisheries of 

no interest, 

Aquarium  

11   24-26  20-25 
Demersal; 

freshwater 
 Omnivore, bottom feeder 

Medium 

(1.4-4.4 

years) 

low (15 of 

100) 
Rocky, pebbly, sandy bottom 

Baralius modestus Of no interest 15  
25-

30 
   

Benthopelagic, 

freshwater 
Tropical 

Voracious and predatory 

to small fish and fries 

High 

(under 15 

months)   

Low (23 of 

100)  
Lower reaches of rivers 

Channa punctatus 
flesh is good 

and of 
30   22-28   

Benthopelagic; 

potamodromous, 
Tropical Carnivorous 

Medium, 

(1.4-4.4 

Low (18 of 

100) 

Burrows in mud, prefers stagnant 

and muddy running waters. 
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commercial 

value; 

commercial 

bait; 

aquaculture  

freshwater years) Carnivorous 

Crossocheilus latius 
Fisheries of 

no interest  
12.4  15-25  5-15 

Benthopelagic; 

potamodromous, 

freshwater 

Tropical 

Aufwuchs grazers feeding 

on algae, diatoms and  

other Herbivore 

(phytoplankton) 

High 

(under 15 

months) 

Low to 

moderate 

(27 of 100) 

Pebbles, found over  gravel and sand 

bed; to slower-moving, silt-laden; 

survive on stony bottom which 

provides good protection from fast 

current of water and from predators 

Cyprinus carpio 

Of real 

commercial 

value 

120 
40,0

00 
3-35 6.5-9.0  

Fresh or slightly 

brackish 
Temperate 

Omnivorous, 

heterotrophic, prefers to 

scavenge the bottom 

Medium, 

(1.4-4.4 

years) 

High to very 

high (66 out 

of 100) 

Inhabits lakes, ponds or slow waters 

preferably muddy bottom, riverine 

environment never suits them, large 

fish generally frequent deeper 

waters, acclimated to extremes 

environment e.g., high salinity, low 

DO; can leap obstacles upto 1 m and 

negotiate torrential flows;  

Garra gotyla 
minor 

commercial 
14.5     

Benthopelagic; 

freshwater 
Tropical 

Feeds on algae, plants and 

detritus 

High 

(under 15 

months) 

Low to 

moderate 

(25 of 100) 

Survive stony bottom which provide 

good protection from fast current of 

water and predators 

Glyptothorax naziri of no interest 5.0      
Benthopelagic; 

freshwater 
Subtropical Carnivore  

Low (10 of 

100) 

Fast-flowing streams,  adhesive 

apparatus to  attach themselves to 

rocks and  prevent being washed 

away 

Glyptothorax 

punjabensis 
 11.5     

Benthopelagic; 

freshwater 
Subtropical 

Feeds on mixed plant and 

animal diet 
 

Low 

vulnerability 

(10 of 100) 

 

Heteropneustes 

fossilis 

fisheries; 

highly 

commercial; 

aquaculture; 

commercial; 

aquarium; 

30  21-25 6.0-8.0  
Demersal; 

freshwater 
 Omnivorous 

Medium 

(1.4-4.4 

years) 

Low (16 of 

100) 

Found mainly in ponds, ditches, 

swamps and marshes, but occurs in 

muddy rivers.  Traumatogenic to 

humans 
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commercial 

Labeo dero 

Used 

commonly by 

anglers as bait 

for Tor 

putitora; 

highly 

esteemed as 

food 

75     
Benthopelagic; 

potamodromous 
Tropical Herbivorous; debris 

Very low 

(more than 

14 years) 

High  (63 of 

100) 

Inhabits torrential hill- streams in 

shallow waters; adult migrate to 

warmer regions of lakes and  streams 

during winter 

Labeo dyocheilus 

fisheries; 

minor 

commercial 

90     

Benthopelagic; 

potamodromous; 

freshwater 

Tropical  

very low 

(more than 

14 years) 

High to very 

high 

vulnerability  

(66 of 100) 

Lives in clear active currents of large 

rivers, a migratory species 

Mastacembelus 

armatus 

food and 

aquarium 

trades 

80 -90 500 22–28 6.5-7.5 
Medium-

15 

Demersal; 

potamodromous; 

freshwaters 

Tropical 

Small crustaceans, 

varieties of worms and 

small fish, benthic insect 

larvae, worms etc 

High 

(under 15 

months) 

Low (24 of 

100) 

Inhabits from high water bodies to 

wetlands in the plains over variety of 

substrates, prefers  bottom dwelling, 

except when disturbed not suitable 

tank-mate for small fish 

Ompok pabda 
Fisheries 

commercial 
30 330    

Fresh water, 

Demersal, 

potamodromous 

Tropical  

Medium 

(1.4-4.4 

years) 

Low to 

moderate 

(32 of 100) 

Clear as well as muddy rivers, 

streams 

Oreochromis 

mossambicus 

Fisheries 

commercial 
430 mm 0.68 4.4-40     

Omnivore, filter feeder; 

filters plankton 
  

Easily beat out native fish,  

eurythermal (40F to104F), 

euryhaline, hypoxia, degraded 

environmental conditions, prolific 

mouthbrooder, is one  of the world‘s 

worst alien species 

Puntius chola 

commercial; 

aquarium 

commercial 

15  60 20-25 6.0-6.5 8-15  

Benthopelagic, 

freshwater, 

potamodromous 

Tropical 

Feeds on worms, benthic, 

crustacean, insects, and 

plant matter 

High 

(under 15 

months) 

Low (14 of 

100) 
Shallow waters 

Puntius sophore 
public 

aquariums 
18  70    

Benthopelagic, 

freshwater; 

amphidromous 

Tropical 

Surface inhabitant 

miscellaneous types of 

food like small insects, 

algae and planktons 

High 

(under 15 

months) 

Low (11 of 

100) 

Rivers and streams of plains and 

submountane regions 

Puntius terio 
aquarium  

commercial 
10  

18-

28 
20-28 7.0-8.0 15-30 

Benthopelagic, 

freshwater 
Tropical Omnivore 

High 

(under 15 

months) 

Low (20 of 

100) 

Found in rivers, canals, ponds, 

ditches and inundated fields,  Occurs 

in standing waters over silt and mud 

Puntius Ticto 
fisheries of no 

interest; 
10   14-29 6.0-7.0 3-18 

Benthopelagic, 

freshwater 
Subtropical 

Omnivore, diet consists of 

small crustaceans, insects 

High 

(under 15 

Low (10 of 

100) 

Forage in quiet, shallow marginal 

areas of and   rivers and  apparently 
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aquarium 

commercial 

potamodromous and  plankton  months) shows a preference for substrates of 

mud or silt 

Puntius vittatus 

fisheries of no 

interest; 

aquarium 

commercial; 

bait 

5  50 20-24 6.0-6.5 8-15 
Benthopelagic, 

freshwater 
Tropical 

Filamentous and blue 

green algae, 

High  

(under 15 

months) 

low (10 of 

100) 

Rivers and streams; often found in 

rice fields 

Salmostoma bacaila 

Costly fish, 

esteemed as 

food on  

account of 

invigorating 

qualities of its 

flesh 

18     
Benthopelagic, 

Freshwater 
Tropical 

A surface feeder on larvae 

and adults of insects, 

useful larvivorous 

Medium 

(1.4-4.4 

years) 

low to 

moderate 

(29 of 100) 

Usually found in slow running 

streams. Occurs in rivers, and  

inundated fields 

Schistura microlabra       
Benthopelagic; 

freshwater 
Subtropical  

High 

(under 15 

months) 

low (11 of 

100)  
 

Tor putitora 

Highly 

important 

commercial; 

aquaculture, 

gamefish, 

public 

aquariums 

275 
6350

0 
13-30 7.4-7.9   

Benthopelagic, 

Freshwater; 

potamodromous 

Subtropical 

Omnivore, feeding on 

fish, zooplankton, 

dipteran larvae and plant 

matter 

High 

(under 15 

months) 

very high 

(82 0f 100) 

Threatened due to overharvesting 

and habitat loss, Inhabit streams, 

riverine and pools, in rapid streams 

with rocky bottom; ascend to 

streams, breeds over gravel and 

stones and returns to perennial ponds 

after breeding. Specimens over 30 

cm and 5 kg are rarely caught in 

recent times 

Triplophysa naziri        Tropical  

High 

(under 15 

months) 

Low (21 of 

100) 

Shallow freshwater streams with 

gravely bed 

Aspidoparia morar  17.5 3000    
Benthopelagic; 

freshwater 
Tropical  

High 

(under 15 

months) 

Low to 

moderate 

vulnerability 

(28 of 100) 

Found in streams and ponds in plains 

and mountainous regions 

Chela laubuca 

Aquarium 

commercial; 

bait 

17  24-26 5-10 5-10 
Pelagic; 

freshwater 
Tropical 

Feeds on insects but also 

takes plants; zoobenthos, 

insects 

High 

(under 15 

months) 

Low to 

moderate 

(27 out of 

Inhabits the middle depth area of the 

stream; occurs in shallow areas of 

stream both in still and relatively 
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occasionally 100) fast-flowing waters; Depth 0-2 m 

Danio devario 
Commercial 

Aquarium  
10  15-26 6-8 5-19 

Benthopelagic, 

freshwater 
Subtropical 

Worms small crustacean 

and insects and 

substantial amount of 

filamentous algae and 

diatoms 

High 

(under 15 

months) 

Low (20 of 

100) 

Inhabits rivers, canals, ponds, beels 

and  inundated fields; moderate 

current 

Carassius auratus  59   6.0-8.0 5-19 

Benthopelagic; 

potamodromous; 

freshwater 

Sub tropical  

Medium 

(1.4-4.4 

years) 

 Depth range 0-20 m 

Mystus cavasius 
Fisheries: 

commercial  
40 

10,0

00 
   

Demersal; 

amphidromous, 

freshwater 

Tropical  

Medium 

(1.4-4.4 

years) 

Moderate to 

high (51 of 

100) 

Found in tidal rivers and lakes; 

canals, inundated 

Mystus bleekeri 

Minor 

commercial; 

aquarium 

commercial 

15.5  18–26 5.8-8  ?-30 
Demersal; 

potamodromous 
Tropical Carnivorous 

Medium 

(1.4-4.4 

years) 

Low (24 of 

100) 

Found in lakes, tanks, rivers, canals 

and beels,  

Source: Fishbase and worldfish center 
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4.4.1  Temperature 

Water has large capacity to hold heat. The solar energy is absorbedas light 

passes through the water and heats it. High concentrations of organic matter and 

particulate matter greatly increase the absorption of heat energy as compared with 

less turbid water. Since, most of the heat is absorbed by the upper layer, bodies of 

water may stratify thermally. The upper stratum is called as epilimnion, the lower 

is termed as Hypolimnion and the stratum between the epilimnion and the 

hypolimnion has a marked temperature difference and is called as metalimnion. A 

term thermocline is also used to describe the middle stratum. The transfer of heat 

from upper layer of the water to lower layer largely depends upon the mixing of 

water by wind. Strong winds circulate water-causing destratification. Temperature 

and dissolved oxygen have inverse proportion  i.e. when one increases the other 

decreases. Temperature as such affects the physiological processes of biota and so 

the distribution, composition, assemblage and variation of species in a body. 

 

The master environmental factor Temperature (which impacts each and 

every physicochemical and biotic factor), is going to play decisive role in defining 

the future structure and function of the freshwater ecosystem of Kalpani stream, 

was overall well within the tolerance range of more or less all the fish species 

during the study period. A few species whose lower range of temperature tolerance 

is on the higher side would feel stressed e.g. Chl whose temperature range is 24-26 

o
C. In winter scenario the mean temperature was found higher in the upper reaches 

than the lower reaches. The temperature trend shows gradual decrease going from 

upper reaches to lower. The same results are observed in the summer scenario. The 



113 

 

 

temperature however is well below the lethal level i.e. 40 
o
C (Mirza, 1976; Aston 

and Brown, 1978). This difference can be attributed to not so pronounced altitude 

variation. The temperature regime has not changed much since 1994 (IUCN, 

1994). Fish in the lower reaches of Kalpani stream as such are at greater risk than 

the fish at the upper reaches. As they are close to the upper tolerance range of 

temperature they face a greater risk of local extinction in case they are unable to 

stretch their thermal and/or ecological limits. The situation would become more 

precarious when the precipitation would become more uncertain (IPCC, 2007) 

there is every likelihood that low flow conditions would be for extended period of 

time in which case the temperature of the water would rise. Survival of the fish 

would then depend on their ability to adjust to the changing climate i.e. their ability 

to stretch their thermal range, migration to upper reaches, change their habit and 

habitat e.g., instead of surface feeder become column or bottom feeder or from 

herbivore, carnivore to omnivore. The situation from fish population and fish 

diversity point of view is not a good one as the diversity is most in the lower two 

zones i.e. Risalpur and Nowshera. It also depends on the periods of higher 

temperature i.e. if the fish are exposed to higher temperature for longer periods 

then fish runs high risk of kill or mortality. To elaborate the point it can be said 

that duration of low flows is extremely important; the longer the duration the 

dangerous it is for the fish. 

 

It can be observed from the two scenarios of PCFs (winter and summer) the 

Orm and Cyc have the broader tolerance range of temperature followed by Tor. 

This gives them advantage to move upstream and downstream in search of 
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favorable conditions. For example Orm (Tilapia) in winters was found only in the 

last two zones where as in the summers it goes upto Hoti zone. A conclusion can 

be drawn as to what can happen under the climatic changes. In case of increase in 

average temperature and given the habits and tolerance range of Tilapia it can 

occupy every available niche. Whereas Kalpani stream may lose the fish diversity 

though, the overall production may not decrease in view of changing climate. So it 

is the temperature that has restricted Tilapia to the lower zones otherwise it would 

have occupied all the life zones which could be the future scenario. 

 

Temperature can affect other PCFs, which in turn affect biota (fish) and to 

analyze/establish their relationship regression tests were run on the data collected. 

If the tables 4.7-4.14 of regression analysis are observed and R-square values were 

focused to establish the relationship between fish species and the PCFs it reveals 

that in summer scenario for Cyprinids there is strong relationship between Bav, 

Pur, Sab, Lad, Cyc; moderate relationship between Bam, Bap, Put, Puv, Asm, Chl; 

weak relationship between Crl, Top, Pus, Gag, Lar, Dad and virtually no 

relationship between Puc and Caa, while under the winter scenario Bap, Chl and 

Cyc have stronger, Crl, Top, Bav, Sab, Dad, Caa moderate, Bam, Puc, Put, Pur, 

Puv Lad, Asm weak and Lar have virtually no relationship with temperature. In 

other words the temperature impacts the fish species strongly, moderately, weakly 

and does not impact. The winter scenario of Non-Cyprinid would reveal that there 

is strong relationship between, temperature and Scm, moderate with Myb, Acb, 

Gln, and Omp and weak with Tin, Hef, Orm, Chp, Glp, and Maa and Myc. The 

picture of summer scenario of Non-Cyprinid Myb, Orm, Myc have stronger; Tin, 
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Figure 4.5: Temperature of water in winter and summer scenarios 
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Chp, Omp have moderate; Scm, Acb, Gln, Glp, Maa weak and Hef has no 

relationship with temperature. In case of intra-relationship among the PCFs 

temperature is influenced slightly by DO, pH and Cr; moderately by Cl
-1

 and 

strongly by TH, SO4
-2

, Fe and Ni under winter scenario, while under summer 

scenario moderately by Co, strongly by TSS, Ni and Zn, and very strongly by DO, 

conductivity, SO4
-2 

and Fe. Generally species with high lower thermal limits are at 

a greater risk from climatic changes. Species having strong and moderate 

relationship with temperature are vulnerable to rise in average temperature. In 

response to increase in annual average temperatures ecological and thermal 

extension of ranges, fish show appreciable change towards the poles which in turn 

changes the species distribution and composition. Meisner (1990) proved through a 

study that a 4.1
 o

C increase in atmospheric summer temperature,  reduction of 42% 

and 30% in the habitat of brook trout in Humber and Rouge rivers in Southern 

Ontario took place (Meisner, 1990). A temperature increase of 1 
o
C would cause a 

shift in the range of channel catfish (Ictalurus punctata), commercially most 

common raised fish in the United States by about 240 km north (McCauley and 

Beitinger, 1992); generally speaking warmwater species in North America, Europe 

and Asia would move towards north (Roessig et al., 2004), while in Australia and 

South America the movement would be southward. Fish of Kalpani will then have 

no choice but to expand their range through the tributaries, though in that case they 

would be exposed to overfishing as the water levels in the tributaries and the upper 

reaches are not so deep. More over fish adapted to living in deep water would also 

find it difficult to adjust to low waters. Waters which are low and slow absorb 

more heat results in higher temperature which in turn influence the DO levels and 
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increases metabolic rates. All these parameters influence the fish physiologically 

which can result in fish kills. This could be the situation in Kalpani if the future 

water discharge projections holds true (Figure 4.38). 

 

In view of the projection of temperature of 0.2 °C per decade (IPCC, 2007) 

it is estimated that a 7% increase in water holding capacity of atmosphere will take 

place under 1.8 °F (1 °C) increase in temperature, resulting in increase in extreme 

events (rains in the form of heavy downpours at some and drought at others). To 

elaborate the point as to how the change in temperature regime will change the 

other PCFs which will in turn effect the biota i.e. population, composition, 

distribution of fish, fish production of the Kalpani stream, Northcote (1992) 

predicted a 3-8 
o
C increase in the surface temperature of a 10 meter deep lake in 

British Columbia Canada if the air temperature increased by 4 
o
C increase. 

 

The fishes in view of changing climatic conditions thermoregulate 

behaviorally, moving between thermally heterogeneous microhabitats to ―select‖ 

the most advantageous temperature for their current physiological state (Nielsen et 

al., 1994; Brio, 1998; Nevermann and Wurtsbaugh, 2004). Climatic changes will 

affect physiological processes of individual fish by modifying temperature 

tolerance, development, growth, metabolism, feed, success in reproduction and 

internal homeostasis capability viz a viz variation in ambient environment (Roessig 

et al., 2004). If the net effects on the individual fish are amplified to the population 

level and beyond, it becomes apparent that a change in environmental temperature 

will have cascading effects on ecosystem and the fisheries that depend on them. In 
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the nutshell, in view of the climatic changes species richness, poleward movement, 

and local extinction depend on the following factors: 

1. Thermal tolerance range, habit and habitat. 

2. Scale, level and rate of temperature change in the ecosystem. 

3. Availability of areas to tolerable conditions of environmental conditions. 

 particularly for species like narrow endemics. 

4. Changes in the richness and/or distribution of prey, predation, competition 

for resources. 

 

The projected scenario for Kalpani reveal reduced water discharge which 

means that the low flow periods will be longer. In that case fish will really be 

challenged for their thermal tolerance range (Figure 4.38). Temperature as 

mentioned above strongly effects every physiological processes directly or 

indirectly, for example, increasing water temperature will alter the toxicity and 

uptake of ammonia (and other natural toxicants) affecting the quality of fish 

populations globally, e.g., gill necrosis in common carp (Jeney and Nemcsok, 

1992). The future scenario of the water body which is projected for low flows in 

the 2025 scenario fish would need to adjust and extend their thermal range (Figure 

4.38). The temperature data collected during the study is well within the limits of 

NEQS (Appendix 11) and permissible and suitable range for Pakistan (Table 4.16). 

 

Research carried out on Shannon River, Dublin, Ireland by Zareena and 

Saeed (1998); on industrial effluents from Rawalpindi and Islamabad by Gulfraz et 

al. (1997); by Fenn and Kissel (1974); by Gould et al. (1973) and found that 
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organic reaction rates increase linearly to temperature increase and as such low 

flows can assume importance as it might lead to increase in temperature. It also 

needs to be kept in mind that due to reasons food is becoming limiting factor and it 

can be said that any more increase in temperature will lead to decrease in the fish 

population. This is an area which needs to be investigated for Kalpani. 

 

4.4.2 Depth 

Depth and velocity of the water seems to be the factor which is offsetting 

the effects of other factors as depth and velocity increases from head waters at 

Chanchanokhat to tail waters at Nowshera i.e. on its way to its confluence to 

Nowshera it has been observed that the particles becomes finer which offer less 

resistance and this tends to increase average flow velocity (Townsend, 1980). 

Increased water velocity does suit sluggish fish but it exerts cooling effect on water 

which becomes warmer when moving to south. The suitable depth for fish is from 

2-3 meters (Butt, 1978). The range of the depth in the drainage system falls within 

this range. Fluctuations in depth and discharge are responsible for the peculiar 

fauna of the water body. Depth of the Kalpani stream during the study period is 

within the usual and suitable range for Pakistan (Table 4.16). 

 

Though the general trend observed during the study period was increase in 

depth from north to south i.e. from Chanchanokhat to Nowshera but the maximum 

depth observed was in the Chowki Nisar zone (Tables 4.5, 4.6 and Figure 4.6). 

Analysis of the data by regression reveal that under the summer scenario Cyprinids 

like Bam, Bap, Put, Pus, Gag, Dad are moderately and Cyc have weak relationship 
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with depth (Table 4.7), while under the winter scenario Bay, Bap, Dad, Chl, Caa 

(Table 4.9) have lower to moderate relationship with depth. Depth low to 

moderately affect Non Cyprinids under the winter scenario Scm, Acb, Gln, Myc 

(Table 4.11) and Myb, Acb, Chp, Gln (Table 4.13). Ecological preferences show 

fish which inhabit shallow waters particularly belonging to genus Puntius might 

not be troubled by the depth (Table 4.15). In view of the future projection for water 

discharge the level of water would be low under the reduced precipitation (Figure 

4.38). In such a situation fish would have to adjust to depth variation. In particular 

bigger fish and fish living in deeper water levels would be under stress. 

 

4.4.3 Dissolved Oxygen (DO) 

Besides other processes DO is made available to fish by photosynthesis 

because of its inability to split it from water and other sources. Changes in 

temperature and microbial activity affect the levels of DO. Concentration of DO 

varies; it is generally lowest in the morning, at peak at dusk and gradually decline 

throughout night. Photosynthesis by phytoplankton releases oxygen during the day, 

which results in a rise in DO. Temperature and oxygen have inverse ratio i.e. if 

water is too warm, there may not be enough oxygen in it (Appendix 8). DO 

requirements of aquatic organisms are difficult to determine at it is influenced by 

its physical state, water temperature, level and state of pollution and species, e.g., 

trout utilizes 50 to 60 mg of DO per hour at 5 
o
C (41 

o
F), but at 25 

o
C (77 

o
F) the 

requirement increases by five to six times of that amount. Being cold-blooded 

animals fish use more oxygen with increase in temperatures. 
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Figure 4.6: Depth of water in winter and summer scenarios 
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Reduction in oxygen due to increase in temperature may influence egg 

development of many species which in turn may change the species, age structure, 

dominancy and guild abundance. More over this may also favor increase in the 

population of invasive species which are better adapted to warmer temperature 

than native species might result in larger difference to reference communities and 

disappearance of key guilds (Dußling and Blank, 2005). 

 

Generally average minimum required amount of DO is 4-5 parts per million 

(ppm) while 9.0 ppm is considered good. Saturated levels of DO are deleterious 

and cause gas bubble disease. The following summarizes the DO availability and 

requirements for fish life: 

 If DO is 0-0.3 mg/L, fish will survive if exposed for short periods. 

 If DO is 1-5 mg/L, fish will survive but fish growth will be slow. 

 If DO is more than 5 mg/L, is desirable range for fish culture. 

 

The solubility of Oxygen in water is greatest at 
o
C and decreases or 

increases with increase or decrease of temperature, atmospheric pressure, altitude, 

salinity and flora and fauna of water. DO is essential for aquatic life and for water 

quality. Depletion of DO adversely affect fish and other aquatic life and impairs 

water quality of culinary and live stock use and for recreation, imparting 

undesirable color, taste or odor to water (Trevedi, et al,. 1992). Insufficient DO 

causes anaerobic decomposition of organic matter present in water releasing 

noxious gases such as hydrogen sulphide, NH3 and Methane (Anon, 1976). The 

results of the appendix 8 have been verified by Kalff (2000). At 2-3 mg/L fish 
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suffers from loss of hunger (Stickney, 2000), impaired swimming and less fit 

emerging larvae. Increase in temperature due to climate change leads to reduction 

in DO coupled with increase in BOD puts stress on biota. 

 

DO in winter scenarios is well within the safe limits for fish and remains 

more or less in suitable range right from the upper zones to the lower zones (Table 

4.5 and  Figure 4.7). In summer scenario show decreasing trend from north to 

south, however in the upper two zones it is good, in the next four it is generally in 

the safe range while it could be stressful for fish in the last four zones (Table 4.6 

and  Figure 4.7). But the higher fish catch and fish diversity in the last zones 

suggests that fish are adapted to the lower levels of DO, depth of water and other 

natural mechanisms that increase DO could be some of the reasons. From the table 

on regression tests of the PCFs it is very much obvious that DO has strong 

relationship with temperature and altitude in both summer and winter scenarios 

(Table 4.5.1 and 4.6.1). Jadoon (1992) reports DO levels for Kalpani stream close 

to the values of the current study period. A plausible explanation could be the flash 

floods that have been visiting Kalpani regularly and improving the overall health 

of the water body and offsetting the deleterious effect of pollutants and degradation 

of the ecosystem. Under the summer scenario for Cyprinids all the species except 

for Puc and Caa show moderate to strong affinity to DO (Table 4.7), while under 

the winter scenario Crl, Top, Bav, Put, Pus, Sab, Gag, Lar, Asm, Caa show very 

weak relationship, Puc, Lad have no relationship at all while Bap, Dad, Chl and 

Cyc have moderate relationship with DO indicating that DO influences the 

Cyprinid fish in winter to a lesser extent (Table 4.9). Under the summer scenario 
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for Non Cyprinid except for Hef all the species have very moderate to very strong 

affinity for DO (Table 4.13), while under the winter scenario Tin, Orm, Glp, Maa 

show no affinity at all while Myb, Acb, Omp show very weak and the rest of the 

species show moderate affinity to DO (Table 4.11). The Do levels throughout the 

study period are within usual and suitable ranges for Pakistan (Table 4.19). The 

recent unprecedented floods that visited Pakistan in 2010 brought with it 

devastation never seen before in this part of the world. Kalpani stream was no 

exception though the flash floods of late have regularly been visiting Kalpani 

almost every two to three years. Whereas the flood damages human and 

infrastructure it cleans the stream of pollution and renews its health. So the DO has 

not been a problem for the last decade or so. Projected future discharge of the 

water body reveals reduced flows which is definitely going to raise the water 

temperature, in which scenario the oxygen diffusion would be low on one hand and 

on the other risen temperature would result in lowering the dissolved oxygen. This 

would certainly impact the metabolism of the water body and certainly would 

result in the decreased productivity of the water in case the projections holds true 

(Figure 4.38). 

 

4.4.4 pH 

Normal range for freshwater ecosystems is 6 to 8. Increase in the range at 

either side is harmful to biota. Fluctuations in pH are dependent on Photosynthetic 

activity by phytoplankton consuming carbon dioxide and releasing carbonate 

during the daytime resulting in rise in pH 
 
while during the night time respiration 

releases carbon dioxide and lowers pH. Increase in mean temperature and yearly 
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precipitation due to climate change leads to increased groundwater levels and 

increased runoff with subsequent increase of soluble organic material and base 

cations in the runoff can affect pH
 
both in negative and positive directions (Folster, 

2006). Low pH affects with varying degrees: close to pH
 
of 5, due to invasion of 

non-desirable species of mosses and plankton lead to disappearance of some fish 

population; at pH of 5, fish populations begin to disappear, material at the bottom 

would stop decaying and near shore areas mosses may flourish; below a pH of 4.5, 

fish life does not exist. Fish kills also occur due to release of Aluminum ions (Al
3+

) 

from the soils in the vicinity of water body. The fish die of excessive mucus 

formation causing clogging of gills. It also effects the reproductive cycle of fish. In 

this case calcium levels falls in the female fish due to which the fish is unable to 

produce eggs: eggs cannot pass from the ovaries: if fertilized may not develop 

normally (EPA, 1980). High pH
 
causes fish to shed its slime coat ultimately dies. 

At pH of 9.6 fish kills are due to: inability to dispose off metabolic wastes; 

increase the toxicity of other substances for example ammonia (it is ten times more 

severe at a pH of 8 than it is at pH 7). 

The above discussion is summarized as follows: 

 If pH is below 4 water will kill the fish 

 If pH is above 11 water will kill the fish 
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Figure 4.7: Dissolved Oxygen of water in winter and summer 

       Scenarios 
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If pH is between 4 and 5 fish may not spawn or have slow growth rate. 

 If pH is between 6 and 9 it is suited for fish. 

 If pH is above 10 it is unfavorable for growth of fish. 

 

A look at the table on PCFs would reveal that generally the pH is within the 

suitable limits but in the winter scenario is worst at Chowki Nisar (Table 4.5 and 

Figure 4.8) and in summer scenario it is in stress category at Nowshera just before 

its confluence with Kabul River (Table 4.6). Interestingly pH at Gujar Garhi and 

Nowshera is low. The fish in the Chowki Nisar zone have high tolerance level for 

pollution we can rather say that they are indicators of pollution. A look at the table 

would reveal that almost all the PCFs are higher to highest suggesting to the 

heavily degraded state of the water, while values of the other factors are higher 

depth, conductivity, total alkalinity, calcium, Fe, Cr, Ni and Zn have the highest 

values. Two major reasons that contribute to the state of the affairs is the heavy 

commercial sand and gravel mining and heavy pollution from the Mardan town 

and waste from Rashkai industrial state and sugar mills Mardan. pH values from 

the 1992 and 1993 (IUCN, 1994) shows that Kalpani has become slightly more 

acidic. 

 

Regression analysis of species-PCFs relationship reveals that: under summer 

scenario in the Cyprinids only Gag has moderate relationship with pH (Table 4.7), 

while under the winter scenario it is of moderate importance to Pus and Cyc (Table 

4.9); under summer scenario Non Cyprinids Scm and Gln have affinity with pH 
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Figure 4.8: pH
 
of water in winter and summer scenarios 
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(Table 4.13). While under the winter scenario Non Cyprinid fish show no 

significant affinity with pH (Table 4.11). The range of pH is well within the usual 

and suitable ranges for Pakistan (Table 4.19) and also within the permissible limits 

of NEQs (Appendix 11).Under the projected scenario the pH is expected to get 

lower with increase in temperature due to climate change which is going to impact 

the physiological and ecological processes which may result in fish kills or 

impaired reproduction affecting the productivity of Kalpani stream (Figure 4.38). 

 

4.4.5  Turbidity 

Increase in turbidity is due to the fine particulate matters which are 

colloidal in nature (-vely charged particles repelling each other) such as clay, silt, 

fine organic and inorganic, soluble colored organic compounds, and plankton and 

other microscopic organism indicating increase in runoff from land. It is defined as 

―the weak ability of water to transmit light caused by suspended particulate matter 

ranging in size from colloidal (i.e. negatively charged particles which repel each 

other) to coarse dispersions‖. To reduce the turbidity the most effective technique is 

to introduce electrolyte of the opposite charge. It will bring the opposite charged 

particles together. The process of coming together of opposite particles is termed 

as flocculation and when a flock of particles become heavy enough it precipitates. 

Agricultural Limestone, Calcium Hydroxide, Gypsum and Alum are recommended 

to reduce turbidity in pond waters. Organic matter in the form of dry vegetation 

(hay) or green vegetation is used for solving turbidity problem. 
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Fish show behavioral reaction when turbidity exceeds 20,000 mg/L but 

most fish species survive exposure to 100, 000 mg/L of clay turbidity for a week or 

longer. Turbidity in natural waters seldom exceeds 20,000 mg/L. Except for high 

spates and routine floods the turbidity is well within the safe and tolerable limits of 

the fish species (Tables 4.5 and 4.6). The values under winter and summer 

scenarios for Turo Mayar and Chowki Nisar zones show comparatively high values 

(Figure 4.9), while in the upper two zones turbidity is negligible alluding to the 

low runoff into the river. Regression analysis for PCFs-Species relationship: under 

summer scenario for Cyprinids Top, Bay, Pur, Sab, Lad, Dad have moderate and 

Bam, Bap, Put, Cyc have high affinity while the rest of the species have weak or 

negligible affinity with turbidity (Table 4.7); under winter scenario for Cyprinids 

Gag, Caa, Cyc have moderate, Bap, Dad, Chl have high while the rest of the 

species have weak or negligible affinity with turbidity (Table 4.9); under summer 

scenario for Non Cyprinid Scm has moderate and Gln has high while the rest has 

no or low affinity with turbidity (Table 4.13); under winter scenario for Non 

Cyprinid Acb has moderate and Scm and Gln have high relationship with turbidity 

(Table 4.11). 

 

4.4.6 Total Alkalinity (TA) 

TA is the total titrable bases in the water expressed as mg/L of equivalent 

Calcium Carbonate. The presence of Carbonates, Bicarbonates and Hydroxide is 

the most common cause of Alkalinity in natural waters. Higher Alkalinity values in 
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Figure 4.9: Turbidity of water in winter and summer scenarios 
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water favors fish growth. Natural water, which contains 40 mg/L or more total 

alkalinity as equivalent CaCO3, is considered as hard water. If Alkalinity ranges 

from: 

 0-20 ppm, fish production will be low. 

 20-40 ppm, fish production will be medium. 

 40-90 ppm, fish production will be high. 

 

Alkalinity in all the zones of the water body is well above the most 

favorable ranges for growth and production but the values under summer scenario 

they are high for Gujar Garhi and Chowki Nisar (Table 4.6 and Figure 4.10) while 

under winter scenario values for Chanchanokhat, Chowki Nisar and Nowshera are 

comparatively high (Table 4.5). The values are above the usual but well within the 

suitable ranges for Pakistan (Table 4.19). Regression analysis of PCFs-Species: 

under the summer scenario for Cyprinids none of the species show negligible 

affinity (Table 4.8) while under winter scenario Crl, Puc, put, Pur, Sab, Lad, Asm, 

Cyc moderate and Pus, Puv show high affinity for TA (Table 4.10); under summer 

scenario for Non Cyprinid Acb show moderate and Scm show high affinity to TA 

(Table 4.14) while under Winter scenario for the group Myb, Hef, Orm, Chp, Glp, 

Omp, Maa have moderate and Tin have high affinity with TA (Table 4.5).  The 

values reported in 1991-1992 shows a substantial increase indicating the degraded 

status of the water quality of Kalpani stream (Hasan, 1992). 
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Figure 4.10: Total Alkalinity of water in winter and summer scenarios 
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4.4.7 Conductivity 

It is a measure of concentration of total dissolved solids and major ions. 

The unit of measurement is microsiemens per centimeter (µs/cm). Conductivity is 

a non-specific parameter which can be measured to establish pollution zone. The 

conductivity of most fresh water ranges from 10-1000 µs/cm but may exceed 1000 

us/cm particularly in polluted waters (Chapman, 1992). Greater is the 

concentration of ions in natural waters, greater will be the conductivity values. 

Natural waters normally have conductivities of 20-500 µmhos/cm. 

 

Values of the conductivity were well within the tolerable limits of the fish 

species throughout the water body. Under the winter scenario all the values were 

on the higher side, the highest values were at Chanchanokhat and Chowki Nisar 

zones (Table 4.5 and Figure 4.11), whereas under the summer scenario the values 

at Chowki Nisar and Ghala Dhair are above the normal values (Table 4.6 and 

Figure 4.11), the reasons being heavy domestic and industrial pollution besides 

sand and gravel mining. It is impacting fish life and only fish with tolerable limits 

for such high values were found in the zone. Regression analysis of PCFs-Species: 

under summer scenario reveals that Bav, Puv, Gag, Asm, dad, Chl moderate and 

Bam, Bap, Put, Pur, Sab, Lad, Cyc have high to higher affinity with conductivity 

(Table 4.7); under the winter scenario for cyprinids Bap, dad, has moderate and 

Put, Gag, Chl high affinity with conductivity (Table 4.9); under the winter scenario 

for Non Cyprinid only Gln has low moderate affinity with conductivity (Table 

4.11); under the summer scenario for the same group tin, Scm Myb, Acb, Maa 
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Figure 4.11: Conductivity of water in winter and summer 

          scenarios 
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have moderate and Orm, Chp, Glp, Omp, Myc has high to higher relationship with  

conductivity. Under the intra-environmental factors conductivity has strong 

affinities with TDS and moderate with TSS under the winter scenario low with 

both TDS and TSS (Tables 4.5.1 and 4.6.1). 

 

4.4.8 Total Dissolved Solids (TDS) 

Dissolved organic material is important quantitatively as source of carbon, 

but its quality may be of greater significance i.e. it may contain valuable 

carbohydrates, vitamins, amino acids, hormones, antibiotics (Townsend, 1980) and 

as such greatly influence the aquatic life. TDS up to 2000 mg/L would not harm 

fish and other aquatic life. In all the zones the TDS is well within the range of safe 

tolerable limits of the aquatic life (Table 4.5, 4.6 and Figure 4.12). Regression 

analysis of the PCFs-Species relationship reveals that: under summer scenario for 

Cyprinids Top have moderate and Crl, Bay, Pur, Puv, Sab, Lad, Lar, Asm, Chl, 

Cyc have higher to very high affinities with TDS (Table 4.7); under the winter 

scenario Bap, Pus, Dad, Chl have moderate relationship with TDS (Table 4.9); 

under the winter scenario for Non Cyprinid Scm, Gln have moderate affinity 

(Table 4.11) while; under summer scenario for the same group Chp, Glp have 

moderate Myb, Orm, Omp, Maa, Myc have very high and Tin have almost perfect 

relationship with TDS (Table 4.13). However the level of suspended solids may 

affect the primary productivity particularly in the lower zones. The inorganic 

suspended solids may raise the temperature of water by absorbing heat in summers 

which may become harmful for fish especially through decreased oxygen in water 

and its increased demand by the fish in view of the increase in average temperature 
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Figure 4.12: Totals Dissolved Solids in water in winter and summer 

         scenarios 
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due to climate change. Indirect effects of suspended solids have been noted on 

growth and reproduction in fish (Bennet, 1962; Lagler et al., 1962). Little change 

can be observed from the data collected in 1991-1992 for Kalpani (Akbar, 1992). 

TDS shows an increase on the average in all the zones in comparison with the data 

collected during 1992 -1993 (IUCN, 1994). TDS is well within the permissible 

limits of NEQS (Appendix 11). In view of the projections for water discharge 

increase in water temperature as a result of low flow TDS will become harmful to 

fish and result in decreased production (Figure 4.38). 

 

4.4.9 Total Suspended Solids (TSS) 

TSS consists of suspended organic and inorganic particulate matter in 

water. TSS is a measure of the mass of material, whereas turbidity is a measure of 

transmission of light there are no explicit standards for TSS. Water high in 

suspended solids may be aesthetically unsatisfactory for such purposes as bathing, 

washing (Chapman, 1992). It reduces the penetration of light in to waters. It 

reduces photosynthesis which in turn decreases oxygen (Anon, 1976). Suspended 

solids, in excessive concentration adversely affect the recreational use of water 

besides impacting aquatic life and agriculture. 

 

It is extremely deleterious to fish life: by damaging invertebrate 

populations it disturbs the fish population; reduces life span by affecting growth, 

and reproduction, resistance to disease, covering food supplies, spawns beds, 

depletion of oxygen by the organic compounds, blocking of egg shell pores, 

blocking of fish gills etc. It may also heat up the surface layer of a water body, 
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thereby causing a concentration of pollution in the lower layers through a reduction 

in dissolved oxygen (Anon, 1976). In the winter scenario the highest values of TSS 

are at Baghdada and Hoti zones, while in summer scenario the value of TSS is 

highest at the Chowki Nisar with Ghala Dhair, Risalpur and Nowshera not far 

behind (Tables 4.5, 4.6 and Figure 4.38) alluding to the state of pollution which 

would mean that fish will face the challenge of growth and reproduction due to 

decreased photosynthetic activity. Regression analysis of the PCFs-Species 

relationship reveal that: under the summer scenario for Cyprinids Bam, Bap, Put, 

Pur, Sab, Lad, Dad, Cyc have moderate affinity with TSS (Table 4.7); under winter 

scenario for the same group Bap, Gag, Lar, Dad, Chl have moderate and Put have 

higher affinity with TSS (Table 4.9); under the winter scenario for Non Cyprinids 

only Gln show moderate affinity with TSS (Table 4.11); under the summer 

scenario for the same group Acb, Orm, Chp, Glp, Omp, Myc have moderate 

affinity with TSS (Table 4.13). The problem would particularly be severe in the 

context of reduced discharge under the projected scenario for 2025 (Figure 4.38). 

However during the study period suspended solids were within the safe limits of 

NEQS (Appendix 11). In case of PCFs intrarelationship TSS has high affinity with 

conductivity during winters and very high in summers (Tables 4.5.1 and 4.6.1). 

Surprisingly Akbar (1992) reports very high value of TSS in comparison to the 

current study period. The reasons could be hot season and high rainfall and heavy 

sewage disposal from industrial as well as from domestic wastes. 
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Figure 4.13: Total Suspended Solids in water in winter and summer 

          scenarios 
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4.4.10 Total Hardness (TH) 

Calcium and Magnesium are generally associated with carbonate minerals, 

which are principal source of alkalinity in water. Waters are called hard when 

Calcium and Magnesium present in water react with soap to form a precipitate. 

Water with high alkaline values is also termed as hard water, as alkalinity and 

hardness are closely related. Hard water may also cause dyspepsia, but may also 

benefit calcium deficiency. Waters are categorized according to degree of 

hardness. Carbonate hardness, is also termed as temporary hardness as it 

precipitates on boiling. Non-carbonate hardness is called as permanent hardness 

because it cannot be removed by boiling. The quality of the water of Kalpani in all 

the zones falls within the category of the hard (Appendix 9), but the values were 

high under the winter scenario but were generally on the higher side which is 

important for buffering pH changes, and for complexing with heavy metals to 

reduce their toxicity. Regression analysis of the PCFs-Species relationship  reveals 

that: Top, Bav, Pur, Sab have moderate and Crl, Puv, Lar, Asm, Chl have high to 

higher relationship with TH (Table 4.7); under winter scenario for the same group 

Put, Gag, Caa, Cyc have moderate and Bap, Dad, Chl have high to higher affinity 

with TH (Table 4.9); under the winter scenario for Non Cyprinid Myc have low 

moderate and Scm, Acb, Gln, have high to higher affinity with TH (Table 4.11); 

while under the summer scenario for the same group Myc have low moderate and 

Tin,  Myb have very high affinity with TH (Table 4.13). The values for total 

hardness have increased around three times since 1991-1992 for Kalpani (Hasan, 

1992) alluding clearly to the increased levels of pollution. 
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Figure 4.14: Total hardness of water in winter and summer scenarios 
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4.4.11 Sulphates (SO4
-2

) 

Sulfate (SO4
-2

) is the most common form of sulphur. Its concentration 

varies in waters with nature of geological material in water. In regions with waters 

of low salinity there are low concentrations of Sulfur while in regions with high 

salinity values sulfate concentrations are much greater. Research conducted on 

Kabul River on various occasions have found high concentrations of sulphides 

from 0.11-1.0 mg/L (Karns, 1977), 0-2.0 mg/L (Khan et al., 1985) and 0.74 mg/L 

(Butt, 1989) were puzzled at the high levels compared to the known inputs of 

sulphides from pollution sources. The effect of sulphides though high would not 

affect if the pH is less than 10 (Chapman, 1992) which is the case with Kalpani.  In 

all the zones the sulphates were well within the tolerance range of the fish (Tables 

4.5 and 4.6). The values show decreasing trend from north to south with Zone 3 

showing the higher value followed by zone 2 and 3 in winters with the same 

pattern followed in the summers with no appreciable difference between the two 

scenarios (Figure 4.5). Regression analysis for PCFs-Species analysis reveal that: 

under summer scenario for Cyprinids Crl, Pus, Gag, Lar, Dad show moderate and 

Top, Bam, Bav, Bap, Put, Pur, Puv, Sab, Lad, Asm, Chl, Cyc higher to very high 

affinity with Sulphates (Table 4.8); under winter scenario for Cyprinids Bam, Bap, 

Puc, Pur, Lad, Dad, Chl, have moderate and Crl, Top, Bav, Puv, Asm, Caa, Cyc 

have high to higher affinity with sulphates (Table 4.10); under winter scenario for 

Non Cyprinids all the species show moderate to high affinity with sulphates (Table 

4.12); under the summer scenario for Non Cyprinids except for Hef and Gln all the 

species show moderate to very high relationship with Sulphates (Table 4.14). The 

values for the all the zones were well within the permissible limits of NEQS 



144 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4.15: Sulphates content of water in winter and summer scenarios 
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(Appendix11). Data collected under the current study shows very high (more than 

two times) in sulphates in comparison to the data collected during 1992-1993 

indicating increasing high state of pollution (IUCN, 1994). 

 

4.4.12 Chlorine (Cl
-1) 

Both free and combined chlorine residuals are extremely toxic to fish. It is 

found chiefly as common salt (NaCl). Fortunately for being reactive chlorine does 

not enter groundwater and plants and animals also cannot store chlorine. Gases 

such as chlorine, ammonia and methane are additives. Chlorine normally combines 

with copper. Chlorine is largely used in paper industry for breakdown of the lignin 

and bleaching of the paper to make it white.  The waste water produced as a result 

of use of chlorine contains dioxins and other organochlorines are highly toxic and 

carcinogenic. It is so widespread that it would be difficult to find any human being 

who does not have detectable levels of dioxin in his/her blood. Environmentalists 

as such oppose the use of chlorine in the pulp and paper industry. Chlorides are 

present in fresh waters in variable quantities but their presence is of least interest, 

as it has no profound effect on fish life. Its value may range from 1 mg/L to 100 

mg/L in pond waters. 

 

The values were very high in summers in almost all the zones but highest in 

zone 7 followed by Zone 5 (Table 4.6 and Figure 4.16). The reasons for the very 

high values were the industrial, domestic and agriculture wastes. The data collected 

during the summer scenario show very high values more than three times the 

suitable range for Pakistan with particular very high value in the Chowki Nisar 
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zone (Table 4.19). Regression analysis of the PCFs-Species relationship reveal 

that: under the summer scenario all Cyprinids except Dad which show low 

moderate response to the stimuli the rest of the species exhibit indifferent attitude 

(Table 4.8); under winter scenario Cyprinids like Bap, Put, Gag, Dad, Chl show 

high to higher affinity (Table 4.10); under the winter scenario Non Cyprinids Scm, 

Acb, Gln show high affinity with Chlorine ions (Table 4.12); under the summer 

scenario Non Cyprinids Scm, Acb show low moderate affinity with Chlorines 

(Table 4.14). Despite being of low value the chlorine is not in significant quantities 

and seems that it is not harming the fish life. Data collected during the study period 

shows very high increase in chlorides more than double the values recorded in 

1994 (IUCN, 1994). While the values recorded in November and December 1992 

are much lower as compared to the values during the current study period (Yasmin, 

1992). The reason could be that samples collected were not from the areas of 

pollution and probably the timing of collection of samples may also have played its 

part. Not to forget that the results were based on only two to three samples for the 

entire research period. In the intraPCFs relationship Chlorine seem to have 

moderate to high relationship with temperature and altitude (Table 4.5.1). 

 

4.4.13 Calcium (Ca) 

Ca is the third most abundant metal accounting for 3.64% of the earth‘s 

crust. It is essential part of the animal‘s skeleton, tooth, egg‘s shell, the coral etc. 

Calcium is well known as a major element required for bones and teeth 

development together with mg and certain other mineral cations. 
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Figure 4.16: Chlorine content of water in winter and summer scenarios 
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Fish absorb Ca cations directly via gills. Seawater contains 0.15% of CaCl. 

As Calcium phosphide it is harmful to biota. Waters of Kalpani stream contains 

sufficient amount of calcium for the health of the fish and other life forms. The 

values reported by Khan (1992) have exceeded by more than three times as found 

during the current study. The reason could be rapid erosion of carbonate rocks 

when exposed to water having high dissolved carbon dioxide though dolomite is 

more resistant than lime stone (CaCO3). Regression analysis of PCFs-Species  

reveal that: under summer scenario for Cyprinids Crl, Put, Puv, Lar, Dad, Chl 

show moderate affinity with Calcium (Table 4.8); under winter scenario Cyprinids 

Bam, Bap, Gag, Dad, Chl show moderate to high affinity to Calcium (Table 4.10); 

under winter scenario Non Cyprinids Scm, Acb, Myc show moderate affinity to Ca 

(Table 4.12); under the summer scenario Non Cyprinid Tin, Acb, Orm show 

affinity to Ca (Table 4.13). In almost all the zones in both summer and winter 

scenarios the values were above the usual and suitable ranges for Pakistan (Table 

4.19). In the PCFs intrarelationship for winter Ca has moderate relationship with 

altitude (Table 4.5.1). 

 

4.4.14 Chromium (Cr) 

With few exceptions generally rivers contain approximately 1 ppb of 

chromium. Dissolved chromium exists as either anionic trivalent Cr (OH) 3 or as 

hexavalent CrO4
2- 

with trivalent chromium as the most abundant. The metal and 

leather industries are the main sources of Cr pollution. 
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Figure 4.17: Calcium content in water in winter and summer scenarios 
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Wastewater usually contains about 5 ppm of chromium. Hexavalent 

chromium is very toxic to flora and fauna. Chromium is largely bound to floating 

particles in water. Chromium (VI) compounds are toxic at low concentrations for 

both flora and fauna but the toxicity is pH dependent. Freshwater ecosystems have 

no process to eliminate metals so they move from one compartment to another, 

including the biota, and often with detrimental effects (Chapman, 1992). 

Chromium levels were higher under high flow conditions, which are often the case 

with metals as they are re-suspended from the sediments (IUCN, 1994). 

Acceptable limits for the biota are <0.002– 0.02 mg/L, depending upon the valency 

state of the chromium. The values are high in all the zones but are higher under the 

summer scenario exceeding the limits by much (Figure 4.18). 

 

Under the winter scenario (Table 4.5) the values were higher in the last four 

zones but were higher in all the zones under the summer scenario (Table 4.6). The 

values during the study period show an increase from the values in 1993 clearly 

indicting that pollution as far as chromium is concerned has increased. Regression 

analysis of PCFs-Species  show that; under summer scenario response of Cyprinid 

species is negligible (Table 4.8); under winter scenario Cyprinids Crl, Bam, Bav, 

Pus, Cyc show moderate affinity (Table 4.10); under winter scenario Non 

Cyprinids Myb, Chp, Omp, Myc show moderate affinity (Table 4.12); under 

summer scenario Non Cyprinids Scm, Maa show low moderate affinity with Cr 

(Table 4.14). In both summer and winter scenarios the values are much higher than 

the suitable range for Pakistan (Table 4.19) but within the permissible limits of 

NEQS (Appendix 11). Midrar et al. (2005) reports maximum value of 0.12 mg/L 
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Figure 4.18: Chromium content in water in winter and summer. scenarios 
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in a sample collected from Kalpani Drain. In comparison values observed for Cr in 

surface water samples collected from Malir River in Karachi (Sindh) ranged from 

0.03-0.29 mg/L. Sugar mills being one of the major sources for Cr increase in 

Kalpani stream. Another explanation that could be given is the re-suspension of 

sediments due to the turbulence. The presence of chromium in all the zones of the 

stream seems to be due to wastewater discharge from the Takht Bhai and Mardan 

sugar mills. Studies carried out show concentration of Cr in surface water samples 

collected from various sites of NWFP ranged from 0.01-0.12 mg/L recorded in a 

sample collected from Kalpani Drain. However the values observed for Cr in 

surface water samples collected from Malir River in Karachi (Sindh) ranged from 

0.03-0.29 mg/L clearly showing that Cr is very high in Kalpani stream in 

comparison to other parts of the country. The values of Cr both under winter and 

summer scenarios is within the permissible concentrations for protection of human 

health (Appendix 11). 

 

4.4.15 Cobalt (Co) 

It is a hard silver white, lustrous brittle and ferromagnetic element. It is 

stable in air and unaffected by water, but is slowly attacked by dilute acids. Once 

in system Cobalt cannot be destroyed, but can be mobilized under acidic 

conditions. It ultimately ends up in soils and sediments. Cobalt is not known to bio 

magnify up the food chain when consumed by both plants and animals. As such 

food stuff will usually not contain very high amounts of cobalt. 
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Cobalt was found well within the reasonable tolerance range of the fish 

species, comparatively the values in the lower reaches were higher (Tables 4.5, 4.6 

and Figure 4.19). Regression analysis of PCFs-Species show that: under the 

summer scenario Cyprinids Bam, Bap, Put, Gag, Dad, Cyc show moderate affinity 

(Table 4.8); under the winter scenario Cyprinids Crl, Sab, Caa moderate and Top, 

Bam, Bay, Cyc show high to higher affinity (Table 4.10); under winter scenario 

Non Cyprinids Myb, Omp show moderate to high and Myc show very high affinity 

(Table 4.12); under the summer scenario for Non Cyprinids Acb, Chp show 

moderate response to Co (Table 4.14). In the PCFs intrarelationship Co shows 

affinity with altitude in the winter scenario and with temperature and altitude under 

summer scenario (Tables 4.5.1 and 3.6.1). 

 

4.4.16 Iron (Fe) 

It is a ductile, silver grey, malleable and lustrous metal. Iron (III)-O-

arsenite pentahydrate being persistent may be hazardous to the environment. Iron 

was found well above the usual and suitable ranges for Pakistan (Table 4.19) and 

above the permissible range of NEQS (Appendix 11) with the highest values being 

at Chowki Nisar and Ghala Dhair under the winter scenario (Table 4.5) and very 

high values for Chowki Nisar, Risalpur and Nowshera (Table 4.6 and Figure 4.20). 

The toxicity it seems would increase with low flows which have predicted under 

the projected scenario (Figure 4.38). Regression analysis of PCFs-Species show 

that: under summer scenario Cyprinids Bam, Pus, Gag, Lar, moderate, Bav, Bap, 

Put, Pur, Puv, Sab, Lad, Asm, Chl, Cyc show high to higher to very high affinity 
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Figure 4.19: Cobalt content in water in winter and summer scenarios 
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 (Table 4.8); under the winter scenario Cyprinids Crl, Top, Bam, Gag, Caa 

moderate and Bap, Dad, Chl, Cyc show high to higher affinity (Table 4.10); under 

the winter scenario Non Cyprinids Myb, Chp, Myc moderate and Scm, Acb, Gln 

high affinity (Table 4.12); under the summer scenario Non Cyprinid Scm, Acb, 

Maa moderate and Tin, Myb, Orm, Chp, Glp, Omp, Myc show higher to very high 

affinity with iron (Table 4.14). The values of Fe under both winter and summer 

scenarios are within the permissible concentrations (Appendix 10). In PCFs 

intrarelationship under the winter scenario Fe has higher affinity with temperature 

and altitude and very high under the summer scenario (Tables 4.5.1 and 4.6.1). 

 

4.4.17 Nickel (Ni) 

Rivers contain approximately 0.3 ppb of Nickel. Normally Nickel occurs in 

water as Ni
2+

 and sometimes as NiCO3 with pentlandite as the main and may be 

found in slate, sandstone, clay minerals and basalt. Main sources of nickel are 

power plants, waste incinerators and metal industries. Nickel may be applied as an 

anti-corrosive, as a mordant in textile printing, catalyzer for fat hardening and for 

ceramic paint production. Nickel is a dietary requirement for many organisms, but 

may be toxic in larger doses. Metallic nickel and some other nickel compounds are 

teratogenic and carcinogenic to mammals. Fishes apparently are less susceptible to 

nickel. Nickel is within the permissible limits and within the NEQS for Pakistan 

(Appendix 11) except for the last four zones where it is close the maximum of the 
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Figure 4.20: Iron content in water in winter and summer scenarios 
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NEQS limit owing much to the industrial and domestic pollution (Figure 4.21). 

Data collected during the study period show very high increase (more than 10 

times) from the data collected during 1992-1993 an indication of increasingly high 

pollution (IUCN, 1994). 

 

Regression analysis of PCFs-Species relationship show that under the 

summer scenario Cyprinids Bay, Pus, Pur, Sab moderate and Bam, Bap, Put, Gag, 

Lad, Dad, Cyc show high to higher affinity (Table 4.8); under winter scenario 

Cyprinids Bam, Bay, Sab, Gag, Asm moderate and Crl, Top, Bap, Dad, Chl, Caa, 

Cyc show high to higher affinity with Ni (Table 4.10); under the winter scenario 

Non Cyprinids Scm, Myb, Acb, Chp, Gln, Omp, Myc show high to higher affinity 

with Ni (Table 4.12); under summer scenario Non Cyprinids Myb, Chp, Gln, Myc 

moderate and Scm, Acb, Orm, Glp, Omp show high to higher affinity with Ni 

(Table 4.14).  A look at both winter and summer scenarios show the values of Ni 

are within the permissible concentrations for protection of human health 

(Appendix 10). In the PCFs intrarelationship it has very high relationship with 

temperature, altitude and turbidity under the winter scenario (Table 4.5.1) and very 

high relationship with temperature, altitude, turbidity and conductivity (Table 

4.6.1). 

 

4.4.18 Zinc (Zn) 

Zinc is a bluish-white and lustrous reactive metal. It releases hydrogen 

when combined with other non-metals, and dilute acids. Industrial plants are the 
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Figure 4.21: Nickel content in water in winter and summer scenarios 
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main source of Zinc which increases the acidity of waters.  Some fish living in 

Zinc contaminated waters can accumulate Zinc in their bodies and biomagnifies in 

the food chain. When Zinc enters the bodies of these fish it is able to bio-magnify 

up the food chain. Zinc is well below the permissible limits of NEQS (Appendix 

11) and close to the usual range and well below the suitable range (Table 4.19). 

The aquatic life is not markedly affected because the toxicity decreases with 

increase in water hardness, which seems to hold true in the case of Kalpani stream. 

In waters of similar hardness to the Kabul River greater than 2 mg/L Zinc may be 

required to produce fish mortality (Mason, 1991). So consequently many zinc 

standards will vary depending upon the water hardness. More than 10 times 

increase from the values of 1992 -1993 indicates an appreciable increase in the 

pollution (IUCN, 1994). Surface water samples collected from various sites of 

KPK contained Zn from 0.003-0.08 mg/L observed in a sample collected from 

Kalpani Drain and the lowest value of 0.003 mg/L recorded in a sample collected 

from Bakhshoo Pul Airab (Midrar et al., 2005). Regression analysis of PCFs-

Species  relationship show that: under the summer Cyprinids Bam, Bav, Bap, Put, 

Pur, Puv, Sab, Gag moderate and Lad, Cyc show high affinity with Zn (Table 4.8); 

under the winter scenario Cyprinids Sab, Lad, Asm, Caa moderate and Crl, Top, 

Bam, Bav, Cyc show high to higher affinity with Zn (Table 4.10); under the winter 

scenario Non Cyprinid Scm, Orm moderate and Myb, Chp, Omp, Myc show high 

to higher affinity to Zn (Table 4.11); under summer scenario Non Cyprinid Myb, 

Myc moderate and Orm, Chp, Glp, Omp show high affinity to Zn (Table 4.14). 

The levels of Zn both under winter and summer scenarios were within the 

permissible concentrations for protection of human health (Appendix 10). In the 
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Figure 4.22: Zinc content in water in winter and summer scenarios 
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PCFs intrarelationship under the winter scenario it has low to high affinity with 

turbidity, temperature and altitude and under summer high to very high with 

turbidity, altitude, temperature and conductivity (Tables 4.5.1 and 4.6.1). 

 

4.4.19 Altitude 

Altitude plays an extremely important role in the distribution, assemblage 

and composition of biota of a water body and life support systems. The Kalpani 

stream from its origin at Chanchanokhat to its confluence with Kabul River at 

Nowshera show an altitudinal variation of 44 meters over a length of 54.87 

kilometers with Nowshera as the lowest point (272 meters) and Chanchanokhat as 

the highest (316 meters). Kalpani minor the main tributary originates at an altitude 

of 1520 meters. Even with not so pronounced difference (Tables 4.5 and 4.6 and 

Figure 4.23) the zones have been influenced by the altitudinal variation and are 

characterized by peculiar flora and fauna. 

 

Alongwith temperature altitude is the most important PCF influencing all 

other PCFs and the fish species. Under the summer scenario for Cyprinids the 

results of regression tests show Top, Pus, Asm, Chl have moderate, Bam, Bav, Pur, 

Puv, Sab, Dad high, Bap, Put, Gag, Lad have higher to very high relationship with 

altitude; while under the winter scenario for Cyprinids Puv, Gag, Asm moderately, 

Crl, Top, Bam, Bav, Bap, Sab, Dad, Chl, Caa, Cyc high to higher are influenced by 

altitude. Under the winter scenario for Non Cyprinids reveal that Orm, Chp, Maa 

moderately, Scm, Myb, Acb, Gln, Omp, Myc were influenced by altitude from 
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Figure 4.23: Altitude of zones in winter and summer scenarios 
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high to higher degree; while under the summer scenario for Non Cyprinids Tin, 

Chp, Glp, Maa are moderately and Scm, Myb, Acb, Orm, Gln, Omp, Myc are 

influenced from high to higher percentage. Altitude will assume crucial importance 

in view of the projected water discharge scenario of 2025 (Figure 4.38) when fish 

species might be required to migrate to safer shores in a bid to survive. In the PCFs 

intrarelationship altitude influenced pH, Turbidity, Depth, Ca, Cl, Co, Cr, 

moderately, Temperature, DO, Gravely bed, Muddy bed, TH, SO4, Fe, Ni, Zn 

higher to very high extent; while under summer scenario altitude influenced TDS, 

Co moderately and Temperature, Turbidity, Depth, Gravely bed, Muddy bed, 

Conductivity, TSS, SO4, Fe, Ni, Zn from higher to very high extent (Tables 4.5.1 

and 4.6.1). 

 

4.4.20 River bed 

An important feature of the habit and habitat defines the peculiarities of a 

zone. The bed of Kalpani river was roughly divided into zones with muddy bed 

and gravely bed with sandy bed considered part of the gravely bed. A look at the 

fish species composition at the zones would reveal that fish diversity is maximum 

in the muddy bed compared to the gravely bed. 

 

4.4.20.1 Gravely bed 

 Zones 1 to zone 4 were found to primarily have gravely bed (Figure 4.24). 

The zones have 6 Cyprinid species residing in winter and 8 Cyprinid species 

residing in summer, while 3 Non Cyprinid species in winter and 3 in summer 

(Tables 4.1 to 4.4). Under the summer scenario the results of regression tests for 
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Cyprinids show Top, Bav, Pus, Pur, Puv, Sab, Gag, Lad, Dad have low to 

moderate relationship, while with Bam, Bap, Put, higher relationship (Table 4.7); 

while under winter scenario for Cyprinid Crl, Top, Bam, Bap, Sab, Dad, Chl, Caa, 

Cyc have low to moderate relationship with Gravely bed (Table 4.9); while for 

winter scenario for Non Cyprinid Myb, Chp, Gln, Omp, Myc have moderate 

relationship (Table 4.11) and for summer scenario Scm, Myb, Orm, Chp, Gln, Glp, 

Omp, Myc have moderate relationship and with Acb high relationship (Table 

4.13). In the PCFs intrarelationship altitude has higher relationship under winter 

scenario (Table 4.5.1); while under summer identical situation exist (Table 4.6.1). 

 

4.4.20.2 Muddy bed 

 Zones 5 to zone 10 were found to primarily have muddy bed (Figure 4.25). 

The zones have 16 Cyprinid species residing in winter and 17 Cyprinid species 

residing in summer, while 9 Non Cyprinid species in winter and 11 in summer 

reside the zones (Tables 4.1 to 4.4). The results for muddy bed are identical to 

those of gravely bed. 

 

4.5 SUPPORTING DISCUSSION 

4.5.1 PCFs and Toxicity 

Pollutants affect a living being through three interdependent and interactive 

headings i.e. behavioral, reproductive effects and neuro-physiological. An 

organism when exposed to a pollutant let us say a compound, leaves either chronic 

or acute impact. The former develops slowly to low doses and the organism 

eventually dies, while the later develops immediately and is often irreversible. 
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Figure 4.24: Gravely bed (River bed) of Kalpani stream 
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Metals are toxic and so lethal to biota especially in ionic forms. Their lethality 

increases with low pH and low hardness which increases their solubility. Waste 

water from mining activities that joins streams is very acidic due to high contents 

of dissolved metals. 

 

Reactions involving electron transfer produce oxyradicals with oxygen. 

Oxyradicals e.g., hydroxyl radical (OH
-
), superoxide anions (O2

-
) etc, have been 

found to cause heavy cellular damage. Effects of inorganic pollutants on an 

organism are assessed through Bioconcentration Factor (BCF). Metals associated 

temporarily settled at the bottom of water bodies with sediments affect the benthic 

biota.  Bioaccumulation of heavy metals have been found to severely affect organs 

like kidney, liver etc and interfere with metabolic processes, in turn adversely 

impede development and growth (Spehar, 1976; Anadon et al., 1984; Kadiiska et 

al., 1985a.b; Birge et al., 2000) and are very harmful for human health. Reduced 

flows will increase the harmful effects of the metals. 

 

In case of Kalpani a question can be asked as to why with low pH at 

Chowki Nisar fish life still exists. The answer could be that though the pH favors 

the solubility of metals but the increased levels of total hardness is neutralizing the 

effect and that is why fish life still exists, though the overall health of the zone in 

comparison to other zones is low. pH in the winter scenario is in the safe limits 

except for Chowki Nisar where it is low and favors the increase in the toxicity of 

the metals and other pollutant, but in summer Nowshera zone has low pH 

providing favorable conditions for pollutants to impact fish life. 
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Figure 4.25: Muddy Bed (River Bed) of Kalpani stream 



168 

 

 

The situation becomes more complicated in view of the lowered levels of 

hardness which facilitates the solubility of toxic metals. The situation would 

become more stressful in view of increase in average temperature and low flows of 

Kalpani under changed climatic conditions. Kalpani stream has been declared as 

the dirtiest of all the tributaries of Kabul River (IUCN, 1994). This title can be 

attributed to the domestic and industrial pollution from the towns and the industrial 

estates. By and large and in view of the past studies in which it was declared as one 

of the two dirtiest streams alongwith Bara River the values of PCFs generally at 

least for the study period does not seem of much concern in view of high to higher 

values of Total Alkalinity, Total Hardness and Suspended Solids all act to reduce 

the toxicity levels of various PCFs. One of the arguments that could be put is the 

recent unprecedented floods which seems to have given the stream new lease of 

life and have washed away much of the pollution, thus providing fish life favorable 

environment to propagate. Though close, degraded water values have still not 

touched the threshold values of WHO and NEQS for Pakistan for surface waters. 

The results of the current study when compared to the study conducted by IUCN, 

(1994) indicate that the stream has deteriorated to a very high degree and in some 

cases especially in heavy metals the results are devastating (Table 4.21). DO show 

improvement in its status plausible reason for which could be the flash floods that 

have been visiting Kalpani since the mid 1990s. There is a need to reassess the 

suspended solids as the results should have been in –ve rather than positive as the 

values recorded in 1992-93 are very high compared to the values of current study. 

Some of the heavy metals show extreme negative values indicating tremendous 
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Table 4.16: Comparative Minimum and maximum values of PCFs of Kalpani stream (table adopted from Butt, 1989) 

Parameter Range Winter scenario Range Summer scenario Usual range world/ Pakistan Suitable limits 

 Min Max Min Max   

Temp (
o
C) 15 19 24.5  30 7.0-26.5 (Pakistan) 20-30 (for carps) 

DO (ppm) 5 8/  4 6 1.9-10.9 (Pakistan) 0.2 and > 16.8 

Altitude (m) 272 316 316 316   

pH
 

5.5 7.5 4.04 7.31 6-8 6-10, 7-9  

TDS (mg/L) 202 255 153 336   

Turbidity 5 55 5 100   

Depth (m) 0.3 1 0.2 2 0.73-5.0 (Pakistan and Azad Kashmir) 2.3 

Conductivity (µS/cm) 447 520 315 560   

TSS (mg/L) 12 24 14.86 60.58   

TH (mg/L) 159 200 116.57 216.41 46.4 + 1.9 20-300  

Calcium (mg/L) 118.36 139.58 104.49 931.5 1.7-41 (15) 100 

TA (mg/L) 185 200 141.29 197.72 0-6, 1-149 20-300 

Cl
-1

 (mg/L) 24.2 42.27 333.2 459.3 2.3-11.3 (7.8) 250 

SO4
-2

 (mg/L) 71.72 116.38 65.22 95.6   

Co (mg/L) 0.176 0.686 0.26 0.61   

Fe (mg/L) 0.63 4.285 1.56 8.63 0.003-0.11 (0.04) 0.3 

Cr (mg/L) 0.176 0.247 0.21 0.23  <0.002-0.02 mg/L 

Ni (mg/L) 0.51 0.91 0.49 0.89   

Zn (mg/L) 0.48 1.78 0.44 1.45 Traces-0.03 (0.01) 24 
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Table 4.17: Comparative changes in the physicochemical factors of Kalpani stream 

Parameter  Winter scenario Status  Summer scenario Status  

 8.12.92 Max/min for all 

zones in current 

study 

Change 1.8.93 Max/min for all 

zones in current 

study 

Change 

Temperature °C 18 19/15 Slightly-ve 28 30/24.5 -ve 

pH 7.6 5.5/7.5 Negligible  7.9 7.31/4.02 Negligible 

Conductivity 

(μ S cm-1) 

515 520/447 Slightly-ve 615 560/315 Slightly+ve 

DO (mg/L) 5.5 8/5 Slightly+ve 4.3 6/4 Slightly+ve 

Alkalinity 

(mg/L) 

231 210/185 Slightly-ve 224 197.72/141.29 Slightly+ve 

Hardness 

(mg/L) 

200 200/159 No 194 216.4/116.6 Slightly-ve 

SO4 (mg/L) 33 112.5/71.7 3+times-ve 34 95.6/65.22 Approx.3times-ve 

Cl (mg/L) 12 42.3/24 3+times-ve 252 459.3/333.2 Approx. 2times 

-ve 

Suspended 

solids (mg/L) 

290 24/12 Improvement  350 60.58/14.86 Improvement  

Dissolved solids 

(mg/L) 

180 269/211 -ve 400 336/190 +ve 

Ca (mg/L) 30 139.6/118.4 4+times-ve 31 134.3/104.4 4+times-ve 

Zn (mg/L) 0.32 1.78/0.48 5+times-ve <0.025 1.5/0.47 60times-ve 

Cr (mg/L)  0.25/0.18 -ve 0.116 0.23/0.21 2times-ve 

Fe (mg/L) 0.760 4.29/0.64 5+times-ve 9.0008 8.63/1.56 Negligibly lower-ve 

Ni (mg/L) <0.002 0.91/0.51 45+times-ve 0.004 0.89/0.51 222+times-ve 
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amount of pollution domestic as well as industrial and runoff that is being added to 

the stream. So the stream has kept its tradition of transporting high pollution 

content to Kabul River and stands to the title of ―most dirty tributary‖ (IUCN, 

1994). 

 

Similar studies carried out on Michni-Mandori Kabul drainage system 

report higher O2, total hardness, total alkalinity, pH etc are are attributed to 

domestic and industrial pollution at this locality (Ali et al.,. 1976; Karns, 1977; 

Ahmad et al.,. 1982; Ahmad and Khan, 1983). All the parameters studied during 

April 1988-December 1989 were within suitable levels for life, especially the O2 

whose levels become lethal for fishes of Pakistan from 0.2-2 mg/l (Boyd and 

Lichtkoppler, 1979). The status of the heavy metals recorded during the study 

period reveals the lower limits of these metals as not the limiting factors. The study 

shows that experiments performed at the national level (Hafeez, 1984) indicate 

toxicity of some of these elements, like Zinc, copper, and Iron becomes evident 

above 0.05 and 0.1 mg/L. The high to higher values of water hardness, alkalinity 

and suspended solids all act in reducing the toxicity of what would otherwise be 

lethal concentrations of metals such as chromium and zinc (IUCN, 1994). Kalpani 

stream has been described as the one which carries sewage and sugar mill wastes 

from Mardan district consequently showing evidence of organic pollution, and also 

has high concentrations of chromium and generally poorer in quality than the Bara 

river falling into the class 3 standard. 
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A study by Wapda highlighted that in KPK (NWFP), the drainage effluents 

carried by all the drains and rivers (mixed) was within the useable limits due to 

TDS and SAR. COD and BOD were found to be high in Budni and Murdara 

drains, Kalpani nullah and river Shahalam while all drains in Punjab were found to 

have high values of TDS, RSC, COD and BOD. Very high values of TDS were 

reported from drains of Sindh and Balochistan and are as high as 13,187ppm in 

2002 in Shahdad kot drain. Water quality monitoring studies under the project 

―National Water Quality Monitoring Program‖ in the country launched on 17th 

March 2001by PCRWR in 21 cities of Pakistan clearly indicate increase in water 

pollution in Pakistan particularly in big cities around industrial clusters. The root 

cause of the problem is the discharge of untreated hazardous industrial waste into 

natural water bodies. The water of Kabul River at Nowshera is fast becoming 

unsafe for fish production, irrigation and domestic use due to high coliform 

content, suspended solids, high Biological Oxygen Demand (BOD values are 

generally above 3) and chemical oxygen demand (COD) values ranging between 

13 to 744 mg/L and as such low Dissolved Oxygen (DO) for biota. The fecal 

coliform is high at 1600/100 mL to 1800/100 mL. The River Ravi (most polluted 

river of Pakistan) gets most of waste water between Lahore and Balloki, over a 

length of 62 km. It currently receives 47% of the total municipal and industrial 

pollution load discharged into all rivers of Pakistan. 

 

Of the globally estimated 500,000 Million Acre Feet (MAF) available 

ground water Pakistan has potentially 55 MAF (34 MAF is in Punjab, 3.5 MAF in 

Sindh, 2 MAF in NWFP, and 0.5 MAF in Balochistan). Studies conducted on 
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ground water use in Balochistan suggest that the resource would dry up in the next 

20 years. Studies conducted in Khyber Pakhtunkhwa suggest that over abstraction 

in Karak, Kohat, Bannu and D.I. Khan has resulted in lowering of the water-table 

causing contamination from the underlying saline water. Similar could be the case 

with Kalpani stream. The trends of water abstraction and other abuses with the 

passage of time reduce the ground water recharge capacity of the stream and would 

put the populace in real trouble. It has been studied that seepage from unlined 

sewage and industrial wastewater channel are a threat to ground water quality 

(Bashir et al., 2001). Aziz, (1990) reports sulphates values to be more at Nowshera 

in comparison to the values of the study period but less elsewhere in the Kabul-

Indus drainage. Similar is the case with sulphides and sulphites. Levels of 

ammonia, nitrite, nitrate and organic-N in Kabul-Indus drainage system were 

suitable for drinking and fish life both in the lower and upper limits (Shah, 1990). 

Gul (1992) investigates that levels of sodium and Potassium in various water 

bodies including Kalpani are suitable for fish, other aquatic organisms and for 

drinking purposes. 

 

4.5.2 Industrial Pollution 

A very few industries follow the laid down procedures of the environmental 

assessment and provide information on the adoption of NEQS. Permanent 

pollution of shallow aquifer in the vicinity of industries is an area of major concern 

as the pollution may take 100s or even 1000s of years to get cleaned. It is very 

important to note that only 1% of wastewater is treated before discharge. For 

example in KPK (NWFP), 80000 m
3
 of industrial waste is discharged on daily 
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basis into the river Kabul causing diseases, affecting agricultural produce and 

decrease in fish population and ultimately fish production. 

 

4.5.3  Fish Species 

Climate change affects a number of PCFs that may in turn affect various 

biological processes at different levels of organization (Harley et al., 2006; 

Lehodey et al., 2006; Tasker, 2008).  Each of life history stages such as egg, larva, 

juvenile, and adult may be affected by climate change in different ways. Fish 

normally increase in body size by a factor of 105 (Rothschild, 1986) with each life 

stage requiring specific habitat. For survivors to return to the breeding grounds 

connectivity among habitats is required by various successive life stages (Sinclair, 

1988). 

 

 Five interlinked mechanisms result in climate-driven changes in fish 

populations: (i) response to variation in PCFs, such as temperature, (ii) response to 

avoid unfavorable conditions, (iii) response through changes in growth, rates of 

mortality reproduction and dispersal, resulting in the establishment of new 

populations in new areas, or abandoning of traditional sites, (iv) ecosystem level 

changes in productivity and/or trophic interactions, (v) commercial exploitation 

affecting the abundance and distribution of fish. The ability to cope with climatic 

changes in the environment varies from species to species. The response to the 

external stimuli can be poleward stretching of the geographical limits, local 

extinction and rapid evolution through genetic changes. 
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4.5.4 Coping Mechanisms 

Given the state of the pollution and its impact particularly in the part after 

main Mardan town it would appear that Kalpani stream has excellent assimilative 

capacity. The river turbulence encourages re-oxygenation, while the high 

suspended solid loads including many of the metals become incorporated into the 

particulate form. The general hardness of the water is important in reducing the 

toxicity of metals such as Zinc and Copper, while the pH values and high buffering 

capacity is important in stabilizing the environment and reducing the toxins of 

some pollutants such as sulphates, ammonia and heavy metals. 

 

Some of the coping mechanisms to deal with the stress due to increasing 

temperatures are the behavior of stress proteins, chaperones and immediate 

response cells which provide biota the opportunities to survive the adverse impacts 

of increasing temperatures. As an immediate response to extraordinary exposure to 

the heat and other stimuli cells produce heat shock proteins. They not only help the 

organism in stress management but also strengthen the thermal tolerance. To rely 

on this capacity to deal with pollutants would however be foolish, as there comes a 

point when the rivers assimilative capacities becomes reduced; this may happen 

suddenly and there are signs that this may not be far away given the findings of the 

current study. The last four floods (including the floods of 2010) have also been 

cleaning the rivers and giving it new leases of life and so augmenting the coping 

mechanism. 
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4.6 CANONICAL CORRESPONDENCE ANALYSIS 

The analysis of environmental factors determining the species distribution 

has challenged the researchers for quite some time. The environmental factors 

interact within the ecosystems in a complex manner. Species respond differently to 

environmental factors which work as limiting factors to varying degrees under 

different conditions of a specific ecosystem area. Responses of the species are 

based on the tolerance range to environmental stimuli. Canonical Correspondence 

Analysis (CCA) provides the answer. The software CANOCO 4.5 is employed to 

ascertain the relative role of each individual environmental factor determining the 

distribution of species in a water body. The technique has been applied in addition 

to the analysis techniques mentioned in previous sections. The purpose was to find 

answers to questions whether environmental factors are responsible for a particular 

fauna (both structure and function) of a water body or section of a water body, the 

distribution and composition of fish fauna and the extent of relationship of 

environmental factors and fish fauna. 

 

CCA links one set of variables (environmental factors in the current case) 

with another set of variables (species in the current case). CCA ordination (CC1 

and CC2) explains the species-environment relationship measuring the maximum 

variation in the weighted averages of the relationship. The ―weighted average‖ 

indicates the ―center‖ of a species distribution along an environmental variable (ter 

Braak 1986). The current study reveal, the weighted average of each species, 

represents the average value of each environmental variable in the zones of species 

occurrence; the weighing of each site was proportional to the relative species 
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abundance in such zones. The arrows indicate the relative importance and direction 

of each environmental factor in the diagram drawn by CANODRAW of CANOCO 

4.5. Each arrow which may be extended in both directions from the origin of the 

plot (origin = grand mean of each variable is correlated with CCA axes) points in 

the direction of maximum variation in value of the corresponding variable. The 

length of the arrow shows the importance of the environmental variable in terms of 

predicting fish composition i.e. the longer the arrow the more the importance of the 

variable. Fish distribution in response to the most important variable is determined 

by evaluating the correlation with the axes. The first axis shows the most variance 

in comparison to the second. The subsequent axes gradually decrease in 

importance and is not considered. In case species intersection falls on the same 

side of the origin the weighted average of that species is higher than the average 

and vice versa. It was difficult to plot all the species against all the 

physicochemical factors. To facilitate the analysis, fish fauna has been divided into 

cyprinid and non-cyprinid groups and then again sub divided into summer and 

winter scenarios, have been separately subjected to Canonical Correspondence 

Analysis under the current study. In all the diagrams the environmental variables 

are depicted as arrows and fish species as diamonds. 

 

4.6.1 Canonical Correspondence Results Summer Environment vs. Fish 

 Fauna 

 

Species Pur (Puntius terio), Lad (Labeo dyocheilus), Cyc (Cyprinus 

carpio), Sab (Salmostoma bacaila), Lar (Labeo dero), Bav (Baralius vagra), Asm 

(Aspidoparia morar), Chl (Chela laubuca), Puv (Puntius vittatus) are found in the 

areas of high temperature, high turbidity, greater water depth and muddy beds. 
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Species Bap (Baralius pakistanicus), Gag (Garra gotyla), Caa (Carassius auratus), 

Dad (Danio devario), Bam (Baralius modestus), Put (Puntius ticto) prefer high 

total dissolved solids, high dissolved oxygen, high altitude, gravely bed and high 

pH. Top (Tor putitora), Pus (Puntius sophore), Crl (Crossocheilus latius), show a 

weak association with environmental factors or prefer the intermediate values of 

variables. The species Puc (Puntius chola) avoids waters with high temperature, 

high turbidity, greater water depth, muddy beds, high total dissolved solids, high 

dissolved oxygen, high altitude, gravely bed and high pH (Figure 4.26). A very 

strong correlation (1.000 and 0.996) of the first two axes is shown among the 

species.  The first two axis of the CCA ordination i.e. CC1 and CC2 explains the 

species-environment relationship clearly and accounts for 73.6% of the variation in 

the weighted average of 19 fish species with respect to environmental variables. 

The first axis shows the most importance of the relationship i.e. 56.5% while the 

second axis explains variance of 17.1% (Table 4.6.1.1). 

 

Species Pur (Puntius terio), Lad (Labeo dyocheilus), Asm (Aspidoparia 

morar), Lar (Labeo dero), Sab (Salmostoma bacaila), Puv (Puntius vittatus), Chl 

(Chela laubuca), Bav (Baralius vagra), Cyc (Cyprinus carpio), seems to like 

waters with high total suspended solids and high conductivity. Top (Tor putitora), 

Pus (Puntius sophore ), Crl (Crossocheilus latius ), show weak association with 

environmental factors or prefer the intermediate values of variables total dissolved 

solids, total alkalinity CaCO3, Cl
-1 

Chloride ion, though Crl (Crossocheilus latius)
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Figure 4.26: CCA ordination diagram depicting physical environmental variables 

        (arrows) explaining the distribution of different fish species 

        (Diamonds) belonging to family Cyprinidae during summer 

        season. 
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show a semblance of affinity with total alkalinity, calcium and sulphates. The 

species Bap (Baralius pakistanicus), Caa (Carassius auratus), Gag (Garra gotyla), 

Put (Puntius ticto),  Dad (Danio devario), Bam (Baralius modestus), Puc (Puntius 

chola) avoids waters with, high calcium, total alkalinity, total alkalinity calcium 

carbonate, sulphates, total suspended solids, total dissolved solids and conductivity 

(Figure 4.27). A very strong correlation (0.986 and 0.981) of the first two axes 

exists among the species.  The first two axis of the CCA ordination i.e. CC1 and 

CC2 explains species-environment relationship clearly and accounts for 75.5% of 

the variation in the weighted average of 19 fish species with respect to 

environmental variables. The first axis shows the most importance of the 

relationship i.e. 58.0% while the second axis explains variance of 17.5% (Table 

4.6.1.2). 

 

Species Cyc (Cyprinus carpio), Bav (Baralius vagra), Lad (Labeo 

dyocheilus), Sab (Salmostoma bacaila), Pur (Puntius terio), Asm (Aspidoparia 

morar), Lar (Labeo dero), Puv (Puntius vittatus), Chl (Chela laubuca), seems to 

like waters with heavy metals like Nickel, Ferrous, Zinc. Top (Tor putitora), Pus 

(Puntius sophore), Crl (Crossocheilus latius), show weak association with 

environmental factors or prefer the intermediate values of variables. The species 

Bap (Baralius pakistanicus), Caa (Carassius auratus), Gag (Garra gotyla), Put 

(Puntius ticto), Dad (Danio devario), Bam (Baralius modestus), Puc (Puntius 

chola) avoids waters with heavy metals like Chlorine, Chromium, Cobalt, Iron, 

zinc (Figure 4.29). 
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Table 4.6.1.1: CCA correlations between fish species of family Cyprinidae and 

 physical (environmental factors) during summer. 

 

Axes                                  1      2      3      4  Total inertia 

 

 Eigenvalues              :    0.542  0.165  0.087  0.060         1.001 

  

Species-environment correlations:   1.000  0.996  1.000  0.999 

 

 Cumulative percentage variance 

    of species data                :     54.1   70.5   79.3   85.3 

    of species-environment relation:    56.5   73.6   82.7   89.0 

 

Sum of all      eigenvalues                                    1.001 

  

Sum of all canonical     eigenvalues                          0.959 
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Figure 4.27: CCA ordination diagram depicting Non metal environmental factors 

         (arrows) explaining the distribution of different fish species 

         (Diamonds) belonging to family Cyprinidae during summer season. 
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Table 4.6.1.2: CCA correlations between fish species of family Cyprinidae and  

 Non metal (environmental factors) during summer. 

 

Axes                                   1      2      3      4  Total inertia 

 

 Eigenvalues              :    0.525  0.158  0.080  0.059         1.001 

 Species-environment correlations:   0.986  0.981  0.969  0.997 

 Cumulative percentage variance 

    of species data                :     52.4   68.2   76.2   82.1 

    of species-environment-relation:    58.0   75.5   84.4   91.0 

 

 Sum of all     eigenvalues                                      1.001 

 Sum of all canonical     eigenvalues                           0.904 
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Figure 4.28: CCA ordination diagram depicting heavy metals (arrows) explaining 

          the distribution of different fish species (Diamonds) belonging to 

          family Cyprinidae during summer season. 
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The first two axes is show among the species a strong correlation (0.991 

and 0.930). The first two axis of the CCA ordination i.e. CC1 and CC2 accounts 

for 84.6% of the variation in the weighted average of 19 fish species with respect 

to environmental variables. The first axis shows the most importance of the 

relationship i.e. 68.7% while the second axis explains variance of 15.9% (Table 

4.6.1.3). 

 

 Species Glp (Glyptothorax punjabensis), Chp (Channa punctata), Omp 

(Ompok pabda), Orm (Oreochromis mossambicus), Myb (Mystus bleekeri), Tin 

(Triplophysa naziri), Myc (Mystus cavasius), Maa (Mastacembelus armatus), 

seems to like waters with high temperature, turbidity, depth and muddy bed. Acb 

(Acanthocobitis botia), Gln (Glyptothorax naziri), Scm (Schistura microlabra) 

show strong likeness for waters with high dissolved oxygen, total dissolved solids, 

altitude, pH and gravely bed.  Hef (Heteronpneustis fossilis) avoids waters with, 

high temperature, turbidity, depth, muddy bed, dissolved oxygen, total dissolved 

solids, altitude, pH and gravely bed (Figure 4.29). 

 

The first two axes among species exhibit close correlation (0.999 and 

0.999). The first two axis of the CCA ordination i.e. CC1 and CC2 explains the 

species-environment relationship clearly and accounts for 74.1% of the variation in 

the weighted average of 12 fish species with respect to environmental variables. 

The first axis shows the most importance of the relationship i.e. 54.6% while the 

second axis explains of variance of 19.5% (Table 4.6.1.4). 
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Table 4.6.1.3: CCA correlations between fish species of family Cyprinidae and 

 heavy metals (environmental factors) during summer. 

 

Axes                                   1      2      3      4  Total inertia 

 

 Eigenvalues              :    0.530  0.123  0.046  0.040         1.001 

 Species-environment correlations:   0.991  0.930  0.903  0.725 

 Cumulative percentage variance 

    of species data                :     53.0   65.2   69.9   73.9 

    of species-environment relation:    68.7   84.6   90.6   95.8 

 

 Sum of all     eigenvalues                                      1.001 

 Sum of all canonical     eigenvalues                           0.772 
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Figure 4.29: CCA ordination diagram depicting environmental factors (arrows) 

          explaining the distribution of different Non- Cyprinid fish species 

          (Diamonds) belonging to families; Balitoridae, Bagridae, 

          Heteropneustidae, Cichlidae, Channidae, Sisoridae, Siluridae, 

          Mastacembelidae during. 

          summer season. 
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Species Glp (Glyptothorax punjabensis), Chp (Channa punctata), Omp (Ompok 

pabda), Orm (Oreochromis mossambicus), Myb (Mystus bleekeri), Tin 

(Triplophysa naziri), Myc (Mystus cavasius), seems to like waters with high 

conductivity and total suspended solids while  Myb in addition to above shows 

likeness to Total Alkalinity, Chloride ion and calcium. Maa (Mastacembelus 

armatus), seem to like the intermediate values of the above mentioned 

environmental factors. Scm (Schistura microlabra), Gln (Glyptothorax naziri), 

Acb (Acanthocobitis botia) like waters with high total hardness and sulphates. Hef 

(Heteronpneustis fossilis) avoids waters with, high conductivity, total suspended 

solids Total Alkalinity, Chloride ion, calcium total hardness and sulphates (Figure 

4.30). The strong correlation (0.995 and 0.995) of the first two axes exists in the 

species. The first two axis of the CCA ordination i.e. CC1 and CC2 explains the 

species-environment relationship clearly and accounts for 82.7% of the variation in 

the weighted average of 12 fish species with respect to environmental variables. 

The first axis shows the most importance of the relationship i.e. 61.0% while the 

second axis explains variance of 21.7% (Table 4.6.1.5). Species Glp (Glyptothorax 

punjabensis), Chp (Channa punctatus), Omp (Ompok pabda), Orm (Oreochromis 

mossambicus), Myb (Mystus bleekeri), Tin (Triplophysa naziri), Myc (Mystus 

cavasius), like waters with high concentrations of heavy metals nickel feron and 

zinc, seem to like the intermediate values of the above mentioned heavy metals. 
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Table 4.6.1.4: CCA correlations between fish species of families Balitoridae, 

 Bagridae, Heteropneustidae, Cichlidae, Channidae, Sisoridae, 

 Siluridae, Mastacembelidae physical (environmental factors) 

 during summer. 

 

Axes                                   1      2      3      4  Total inertia 

 

 Eigenvalues              :    0.921  0.329  0.211  0.111         1.721 

 Species-environment correlations:   0.999  0.999  1.000  0.997 

 Cumulative percentage variance 

    of species data                :     53.5   72.6   84.9   91.4 

    of species-environment relation:    54.6   74.1   86.7   93.3 

 

 Sum of all     eigenvalues                                    1.721 

 Sum of all canonical     eigenvalues        1.686 
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Figure 4.30: CCA ordination diagram depicting environmental factors (arrows) 

          explaining the distribution of different Non- Cyprinid fish species 

          (Diamonds) belonging to families; Balitoridae, Bagridae, 

          Heteropneustidae, Cichlidae, Channidae, Sisoridae, Siluridae, 

          Mastacembelidae during summer season. 
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Table 4.6.1.5: CCA correlations between fish species of families Balitoridae, 

 Bagridae, Heteropneustidae, Cichlidae, Channidae, Sisoridae, 

 Siluridae, Mastacembelidae Non metal (environmental factors) 

 during summer. 

 

Axes                                  1      2      3      4  Total inertia 

 

 Eigenvalues              :    0.912  0.324  0.124  0.070         1.721 

 Species-environment correlations:   0.995  0.995  0.951  0.766 

 Cumulative percentage variance 

    of species data                :     53.0   71.9   79.1   83.2 

    of species-environment relation:    61.0   82.7   91.0   95.7 

 

 Sum of all     eigenvalues                                      1.721 

 Sum of all canonical     eigenvalues                                 1.495 
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Figure 4.31: CCA ordination diagram depicting heavy metal environmental 

          factors (arrows) explaining the distribution of different 

          Non-Cyprinid fish species (Diamonds) during summer season. 
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 Scm (Schistura microlabra), Gln (Glyptothorax naziri), Acb (Acanthocobitis 

botia) and Hef (Heteronpneustis fossilis) avoids waters with, high concentrations 

of heavy metals (Figure 4.31). A very strong correlation is shown among the 

species by the first two axes (0.984 and 0.852). The first two axes of the CCA 

ordination i.e. CC1 and CC2 explains the species-environment relationship clearly 

and accounts for 84.3% of the variation in the weighted average of 12 fish species 

with respect to environmental variables. The first axis shows the most importance 

of the relationship i.e. 68.1% while the second axis explains of 16.2% (Table 

4.6.1.6). 

 

4.6.2 Canonical Correspondence Results Winter Environment vs. Fis Fauna 

Species Top (Tor putitora), Dad (Danio devario), Bam (Baralius modestus) 

Crl (Crossocheilus latius) Puc (Puntius chola), Bav (Baralius vagra), Pur (Puntius 

terio), Sab (Salmostoma bacaila), Bav (Baralius vagra), Asm (Aspidoparia 

morar), Puv (Puntius vittatus), Cyc (Cyprinus carpio), prefer intermediate values 

of water depth, turbidity and muddy bed while Caa (Carassius auratus), seems to 

like turbid waters.  Species Bap (Baralius pakistanicus), Gag (Garra gotyla), Chl 

(Chela laubuca), very high and Put (Puntius ticto), Lar (Labeo dero) and Lad 

(Labeo dyocheilus), high temperature, dissolved oxygen, total dissolved solids, pH, 

altitude and gravely bed. Pus (Puntius sophore) avoids all the above mentioned 

environmental factors (Figure 4.32). A very strong correlation (1.000 and 0.935) of 

the first two axes is shown in the species. The first two axis of the CCA ordination 

i.e. CC1 and CC2 explains species-environment relationship clearly and accounts 
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Table 4.6.1.6: CCA correlations between fish species of families Balitoridae, 

 Bagridae, Heteropneustidae, Cichlidae, Channidae, Sisoridae, 

 Siluridae, Mastacembelidae heavy metals (environmental factors) 

 during summer. 

 

Axes                                   1      2      3      4  Total inertia 

 

 Eigenvalues              :    0.891  0.212  0.128  0.043         1.721 

Species-environment-correlations:   0.984  0.852  0.768  0.964 

 Cumulative percentage variance 

    of species data                :     51.8   64.1   71.5   74.0 

    of species-environment relation:    68.1   84.3   94.1   97.3 

 

 Sum of all           eigenvalues                                1.721 

 Sum of all canonical   eigenvalues                             1.308 
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Figure 4.32: CCA ordination diagram depicting environmental factors (arrows) explaining 

          the distribution of different Cyprinid fish species (Diamonds) during winter 

         season. 
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for 73.7% of the variation in the weighted average of 19 fish species with respect 

to environmental variables. The first axis shows the most importance of the 

relationship i.e. 50.7% while the second axis explains variance of 23.0% (Table 

4.6.2.7). 

 

Species Top (Tor putitora), Dad (Danio devario), Bam (Baralius 

modestus), Crl (Crossocheilus latius), Puc (Puntius chola), Bav (Baralius vagra), 

Pur (Puntius terio), Sab (Salmostoma bacaila), Bav (Baralius vagra), Asm 

(Aspidoparia morar), Puv (Puntius vittatus),  prefer intermediate values of waters 

of high  total alkalinity and calcium while  Cyc (Cyprinus carpio), and Caa 

(Carassius auratus), prefer intermediate values of waters with high total suspended 

solids and chloride ions. Species like Bap (Baralius pakistanicus), Gag (Garra 

gotyla), Chl (Chela laubuca), very high and Put (Puntius ticto) Lar (Labeo dero) 

and Lad (Labeo dyocheilus), high total hardness, conductivity and sulphates. Pus 

(Puntius sophore) avoids all the above mentioned environmental factors (Figure 

4.33). The correlation (0.993 and 0.926) of the first two axes is shown in the 

species seem very strong. The first two axis of the CCA ordination i.e. CC1 and 

CC2 explains the species-environment relationship clearly and accounts for 76.4% 

of the variation in the weighted average of 19 fish species with respect to 

environmental variables. The first axis shows the most importance of the 

relationship i.e. 52.3% while the second axis explains variance of 24.1% (Table 

4.6.2.8). 
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Table 4.6.2.7: CCA correlations between fish species of family Cyprinidae and 

 physical (environmental factors) during winter. 

 

Axes                                      1      2      3      4  Total inertia 

 

 Eigenvalues                       :   0.586  0.267  0.150  0.064          1.326 

Species-environment correlations:  1.000  0.935  0.878  0.808 

 Cumulative percentage variance 

    of species data                :   44.2   64.3   75.6   80.4 

    of species-environment relation:  50.7   73.7   86.7   92.2 

 

 Sum of all               eigenvalues                                     1.326 

 Sum of all canonical     eigenvalues                                  1.156 
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Figure 4.33: CCA ordination diagram depicting non-metal environmental 

          factors (arrows) explaining the distribution of different Cyprinid 

          fish species (Diamonds) during winter season. 
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Table 4.6.2.8: CCA correlations between fish species of family Cyprinidae and 

 Non metal environmental factors during winter. 

 

Axes                                      1      2      3      4  Total inertia 

 

 Eigenvalues                       :   0.578  0.267  0.124  0.052         1.326 

 Species-environment-correlations:  0.993  0.926  0.783  0.828 

 Cumulative percentage variance 

    of species data                :    43.6   63.7   73.1   77.0 

    of species-environment relation:  52.3   76.4   87.7   92.4 

 

 Sum of all               eigenvalues                                          1.326 

 Sum of all canonical     eigenvalues                                   1.105 
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Figure 4.34: CCA ordination diagram depicting heavy metal environmental factors (arrows) 

          explaining the distribution of different Cyprinid fish species (Diamonds) during 

          winter season. 
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Species Top (Tor putitora), Dad (Danio devario), Bam (Baralius 

modestus), Crl (Crossocheilus latius), Puc (Puntius chola), Bav (Baralius vagra), 

Pur (Puntius terio), Sab (Salmostoma bacaila), Bav (Baralius vagra), Asm 

(Aspidoparia morar), Puv (Puntius vittatus),  prefer intermediate values of waters 

of high  with high concentrations of heavy metals like nickel, zinc, cobalt, ferrous, 

and chromium while Cyc (Cyprinus carpio), and Caa (Carassius auratus), prefer 

intermediate values of waters with high concentrations of heavy metals ferrous and 

chromium. Species Bap (Baralius pakistanicus), Gag (Garra gotyla), Chl (Chela 

laubuca) and Pus (Puntius sophore) to a high degree and Put (Puntius ticto) Lar 

(Labeo dero) and Lad (Labeo dyocheilus) to a lesser degree avoid all the above 

mentioned heavy metals (Figure 4.34). The correlation (0.981 and 0.737) of the 

first two axes is shown in the species. The first two axis of the CCA ordination i.e. 

CC1 and CC2 accounts for 80.9% of the variation in the weighted average of 19 

fish species with respect to environmental variables. The first axis shows the most 

importance of the relationship i.e. 63.4% while the second axis explains variance 

of 17.5% (Table 4.6.2.9). 

 

Species Myb (Mystus bleekeri), Tin (Triplophysa naziri), Hef 

(Heteropneustes fossilis), Orm (Oreochromis mossambicus), Myc (Mystus 

cavasius), Myb (Mystus bleekeri) like waters with muddy bed while Glp 

(Glyptothorax punjabensis), Chp (Channa punctatus), Omp (Ompok pabda) and 

Maa (Mastacembelus armatus) like waters with high turbidity and depth. Scm 

(Schistura microlabra), Gln (Glyptothorax naziri), Acb (Acanthocobitis botia) like 
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Table 4.6.2.9: CCA correlations between fish species of family Cyprinidae and 

 heavy metal environmental factors during winter. 

 

Axes                                      1      2      3      4  Total inertia 

 

 Eigenvalues                       :   0.562  0.155  0.091  0.042          1.326 

 Species-environment correlations:  0.981  0.737  0.650  0.823 

 Cumulative percentage variance 

    of species data                :    42.4   54.1   60.9   64.1 

    of species-environment relation:  63.4   80.9   91.1   95.8 

 

 Sum of all               eigenvalues                                     1.326 

 Sum of all canonical     eigenvalues                              0.887 
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Figure 4.35: CCA ordination diagram depicting showing environmental 

          factors (arrows) explaining the distribution of different 

          Non-Cyprinid fish species (Diamonds) during winter season. 
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very high total dissolved solids, pH, dissolved oxygen, temperature, altitude and 

gravely bed (Figure 4.35). A very strong correlation (1.000 and 1.000) of the first 

two axes is shown in the species. The first two axis of the CCA ordination i.e. CC1 

and CC2 accounts for 74.1% of the variation in the weighted average of 12 fish 

species with respect to environmental variables. The first axis shows the most 

importance of the relationship i.e. 60.7% while the second axis explains variance 

of 13.4% (Table 4.6.2.10). Species like Myb (Mystus bleekeri), Tin (Triplophysa 

naziri), Hef (Heteropneustes fossilis), Orm (Oreochromis mossambicus) Myc 

(Mystus cavasius), Myb (Mystus bleekeri) like waters with muddy bed while Glp 

(Glyptothorax punjabensis), Chp (Channa punctatus), Omp (Ompok pabda) and 

Maa (Mastacembelus armatus) like waters with high calcium and turbid waters. 

Scm (Schistura microlabra), Gln (Glyptothorax naziri), Acb (Acanthocobitis 

botia) like very high total suspended solids, conductivity, total hardness, and 

sulphates (Figure 4.36). The strong correlation (1.000 and 1.000) of the first two 

axes in the species accounts for 74.1% of the variation in the weighted average of 

12 fish species with respect to environmental variables. The first axis shows the 

most importance of the relationship i.e. 60.7% while the second axis explains 

variance of 13.4% (Table 4.6.2.11). 

 

Species Chp (Channa punctatus), Omp (Ompok pabda) Myc (Mystus 

cavasius), Myb (Mystus bleekeri) seem to relish high concentrations of heavy 

metals while Tin (Triplophysa naziri), Hef (Heteropneustes fossilis), Orm 

(Oreochromis mossambicus) Glp (Glyptothorax punjabensis), Maa 

(Mastacembelus armatus) Scm (Schistura microlabra), Gln (Glyptothorax naziri), 
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Table 4.6.2.10: CCA correlations between fish species of families Balitoridae, 

    Bagridae, Heteropneustidae, Cichlidae, Channidae, Sisoridae, 

    Siluridae, Mastacembelidae and physical environmental factors 

    during winter. 

 

Axes                                      1      2      3      4  Total inertia 

 

 Eigenvalues                       :   1.000  0.220  0.207  0.168          1.646 

 Species-environment-correlations:  1.000  1.000  1.000  1.000 

 Cumulative percentage variance 

    of species data                :    60.7   74.1   86.7   96.9 

    of species-environment relation:  60.7   74.1   86.7   96.9 

 

 Sum of all               eigenvalues                                   1.646 

 Sum of all canonical     eigenvalues                                  1.646 
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Figure 4.36: CCA ordination diagram depicting non-metal environmental 

          factors (arrows) explaining the distribution of different 

          Non-Cyprinid fish species (Diamonds) during winter season. 
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Table 4.6.2.11: CCA correlations between fish species of families Balitoridae, 

Bagridae, Heteropneustidae, Cichlidae, Channidae, Sisoridae, 

Siluridae, Mastacembelidae and non metal environmental factors 

during winter. 

 

Axes                                      1      2      3      4  Total inertia 

 

 Eigenvalues                       :   1.000  0.220  0.207  0.168          1.646 

Species-environment correlations:  1.000  1.000  1.000  1.000 

 Cumulative percentage variance 

    of species data                :    60.7   74.1   86.7   96.9 

    of species-environment relation:  60.7   74.1   86.7   96.9 

 

 Sum of all               eigenvalues                                   1.646 

 Sum of all canonical     eigenvalues                                  1.646 
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Figure 4.37: CCA ordination diagram depicting Heavy metals environmental 

           factors (arrows) explaining the distribution of different Non-Cyprinid 

          fish species (Diamonds) during winter season. 
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Acb (Acanthocobitis botia) avoid waters with high concentrations of heavy metals 

(Figure 4.37). The strong correlation (0.999 and 1.000) of the first two axes in the 

species accounts for 81.6% of the variation in the weighted average of 12 fish 

species with respect to environmental variables. The first axis shows the most 

importance of the relationship i.e. 67.6% while the second axis explains variance 

of 14% (Table 4.6.2.12). 

 

4.7 WATER DISCHARGE AND FUTURE SCENARIOS 

Primary regulators are affected directly and indirectly by the flow regime 

comprising of 5 components; magnitude, frequency, duration, timing and rate of 

change subsequently influencing the ecology of a river system (Karr, 1991; Poff et 

al., 1991). Variation in any of components has a telling effect on the biota 

including the riparian vegetation, energy flow in the system, sediment and 

floodplain dynamics (Poff et al., 1997). As a result the flow regime varieties 

coupled with climatic changes the freshwater ecosystems are altered. Whereas low 

flows are deleterious to the biota it cannot for sure what the pattern of future flow 

would be (Döll and Zhang, 2010). According to Döll and Zhang (2010), by the 

2050s, under climatic change almost all river systems characteristics would 

experience drastic changes in comparison to changes caused by dams and water 

abstractions. The fact has to a certain extent been attempted to find answers too 

many such questions under the generation of projected water discharge scenario 

(Figure 4.38 and Appendix 7). It is also of importance that in case of low flows the 

carrying capacity of the water is low and ultimately affects the overall production 
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Table 4.6.1.12: CCA correlations between fish species of families Balitoridae, 

   Bagridae, Heteropneustidae, Cichlidae, Channidae, Sisoridae, 

   Siluridae, Mastacembelidae and Heavy metal environmental 

   factors during winter. 

 

Axes                                      1      2      3      4  Total inertia 

 

 Eigenvalues                       :   0.997  0.207  0.168  0.063          1.646 

 Species-environment correlations: 0.999  1.000  1.000  0.579 

 Cumulative percentage variance 

    of species data                :    60.6   73.1   83.4   87.2 

    of species-environment     relation: 67.6   81.6   93.0   97.3 

 

 Sum of all               eigenvalues                                     1.646 

 Sum of all canonical     eigenvalues                              1.475 

 

 



211 

 

 

 

of the water body. For the process of depuration fish needs clearer and cleaner 

environment which would be difficult in view of the low flows. The author through 

personal observation in June to July of 2002 and 2003 witnessed that there were 

abrupt fish mortalities mid day due to increase in temperature of the stream 

supplying water to the commercial trout farm in Madyan Swat. 

 

The reason being the fall in discharge of the stream exposing them to the 

sun radiation, as a result the water would absorb more heat which reduced the DO 

level in turn increasing the metabolism of fish which was insufficient for the 

requirements of trout fish. The same scenario can be drawn for Kalpani and fish 

fauna that inhabits it as one of the outcomes of future scenario. The objective of 

this study was to assess and evaluate the impacts that the freshwater ecosystem of 

Kalpani stream is experiencing and the future status on the basis of changes 

currently taking place. For this purpose changes in water discharge, meteorological 

changes, PCFs and their impact on the fish fauna were studied. Taking fish as a 

bioindicator impact of climatic changes on the distribution, composition and 

assemblage of fish fauna were studied and on the basis of changes in the water 

discharge, PCFs and meteorology future scenarios were drawn at the species level, 

zone level and ecosystem level. The conclusion to be drawn whether fish 

production at the current level would be sustained in the future scenario and if 

there are changes what is the level and magnitude of change. In other words what 

the structure and function of the freshwater ecosystem of Kalpani would be in 

future on the basis of existing information. 
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The available data was insufficient and less reliable as proved during the 

analysis and especially when subjected to relevant software with most prominent 

shortcoming being the extreme fluctuations. To elucidate the point two examples 

of extremes from the reported data of the gauging station at Chowki Nisar are: 195 

cusecs of water discharge on 08-05-1984; and 80615 cusecs on August 5, 2005. 

The point can be explained from personal observations of the investigator and also 

from personal communication from the relevant quarters of the irrigation 

department KPK (NWFP) is the ‗back water flow phenomenon‘ – water in Kabul 

River especially in the flood season the level gets higher it blocks the water 

confluence of Kalpani and the water then flows in reverse direction and it builds up 

the level of water in Kalpani and is responsible for the extreme fluctuation of flow 

and accordingly for the anomaly in the data reported. This challenged relevant 

software which refused to process the data and ultimately instead of analyzing the 

data for daily discharges yearly averages were drawn to somehow get the desired 

future scenario. This would have enabled to project the future fauna and the 

composition and ecological positioning and would have facilitated the formulation 

of recommendations to address the issues being faced by the Kalpani freshwater 

ecosystem in view of climatic changes in more detail. 

 

According to Marianne (1999) smaller streams would experience more 

flash floods as well as longer periods of low flow than they exhibit now due to 

increase in convective thunderstorms both in intensity as well in the periods. The 

situation is very similar to Kalpani stream where this phenomenon is more frequent 

over the last decade or so. The most recent events of unprecedented 2010 floods in 



213 

 

 

 

Pakistan which devastated the entire country fully vindicate the statement and 

findings of the research by Marianne (1999) and the findings of the current study. 

Warmer urban climates probably increase the heat content of the freshwaters in a 

number of ways e.g. runoff waters taking away the heat of hot pavement on its way 

to the freshwaters. Freshwater ecosystems located in the urban areas are like 

‗natural laboratories‘ for measuring the response to climatic changes (Adrian et al., 

1995). This was the major reason for selecting the fresh water ecosystem of 

Kalpani for the research under the current study as it is certainly a classical 

example of natural laboratory for assessing and evaluating climatic changes. 

 

The original idea was to analyze the data on the basis of daily discharge 

data but the extreme fluctuations in the data made it next to impossible to progress 

with available data and ultimately the current method was employed. For scenario 

generation and to predict the future trends of water discharge in Kalpani stream in 

view of the changing climate the data shows increasing discharge trend upto 2005 

under and upto 2007 under the projected scenario, then a decrease in the next four 

years with again an increasing trend upto 2020 and then sharp decrease. The data 

fluctuation suggests the unpredictability of the weather/ climate. If this is the case 

then upto 2023 there will be mild effect on the Kalpani ecosystem and the services 

that it renders, barring increased pollution, sand and gravel mining and water 

abstraction for various purposes. It seems that the water body will start feeling the 

stress of climatic changes from 2024 onwards. It would be quite interesting as to 

how fish species respond to the changing environment. The increased water 

pollution and other water uses would start putting increased and pronounced stress 
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Figure 4.38: Existing and future water discharge scenarios. 
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on the fish fauna resulting in elimination of certain species and dominance of 

species having wide ecological and thermal range for various PCFs. Fish 

production and fish composition therefore it seems would change under climatic 

changes. Jilani et al. (2006) using satellite images and techniques verify the results 

(4.39) of the figure 4.38. Of particular focus is the rising trend of 2006. The study 

was conducted post August 2006 floods that played havoc with the life and 

infrastructure of Mardan and Nowshera districts. Water rose upto 10-15 meters 

above the base flow of the stream. For the results which span over a period 1988-

2006 with month of August selected as the month where maximum rains have 

occurred. The figure show increasing trend upto 2006 and if the projection of the 

Figure 4.38 stands true then after 2007 onward there would be fluctuations in the 

precipitations and consequently fluctuations in the flow. 

 

Variation in precipitation and increased water demand during different 

times of the year resulted in decrease of flow variation between lower and low 

flows, is critical for availability of habitat and in turn for the survival of biota. The 

alterations in the system are further compounded due to climatic changes and 

changes in seasonal flows, flood events, water withdrawals, baseflow magnitude, 

and ecosystem processes. The information generated is crucial to analyze possible 

scenarios of the type and magnitude of hydrologic changes under climatic changes 

and impact for freshwater ecosystem processes and biota (Gibson et al., 2005). In 

view of the aforementioned discussion it can be said with a degree of assurance that 

climatic changes are and will have an impact on freshwater ecosystem of Kalpani 

stream. The available secondary data needed to directly or objectively evaluate such 
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patterns was insufficient and less reliable. In particular the stream gauging data is 

inconsistent to accurately project trends in water discharge. Precipitation and baseflow 

of Hawaii Island stream showed decreasing trend between 1913 and 2002 (Oki, 2004); 

while corresponding data on temperature and CO2 showed marked increase indicating 

that climatic changes could be responsible for the decrease in precipitation and 

baseflow (Keeling et al., 1995; Keeling and Whorf, 2004). 

 

4.8 METEOROLOGICAL SITUATION 

There was little increase in the total precipitation of Pakistan during 1960-

2006; however, highly variable behavior from 1970s can be observed. There was 

consistent low rainfall trend in 1960s with amplitude of variation in the range of 

+50 and -50mm. After a peak flood of 1976, a sharp declining trend was observed 

until late 1980s followed by a decade of rising trend. In the past century, the 

decade of 1990s was ranked as the hottest followed by the decade of 1980s. The 

history's most severe El~Nino prevailed from late 1997-early to 1999 achieving 

peak in 1998 which shattered the whole weather pattern over the globe. Pakistan 

was also one of the worst sufferers of El~Nino. The longest drought of Pakistan's 

history persisted for 4 consecutive years posing worst living conditions in 

Baluchistan, Sindh, south Punjab and lower NWFP. It resulted into crop failures, 

animal deaths and mass migrations. The 2003 above normal rains which continued 

till the end of 2006 improved the situation as far as the precipitation and the 
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Figure 4.39: Trends in rainfall of Kalpani stream in the month of August. 
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 temperature fluctuation is concerned but the frequency of the extreme events has 

increased. 

 

Secondary data of temperature and precipitation from Peshawar, Saidu 

Sharif and Risalpur meteorological stations was employed to draw a reasonable 

picture of the changes that have taken place. The data for Peshawar meteorological 

station was from 1960-2007. Trends in rains have been studied under 10 mm, 20 

mm and 50 mm and in temperature under maximum and minimum. In case of 

Peshawar rainfall the pattern shows fluctuation under the 10 mm but 50 and 20 mm 

show relatively steady increase (Figures 4.40-4.42). Both maximum and minimum 

temperatures show steady upward trend, but the minimum temperature pattern 

show marked increase indicating warming which can be attributed to the climatic 

changes (Figures 4.43-4.44). The data for Saidu Sharif was from 1970-2007. 10 

mm and 20 mm rains show an increase in precipitation in the 1990s and then 

decreasing trend in 2000 onwards. 50 mm show increasing trend in the same 

period indicating increase in heavy rains in future i.e. wet spells would be more 

and intense (Figures 4.45-4.47). Maximum temperature in 1990s shows a little 

increase and then steadies into the 2000s (Figure 4.48). The minimum temperature 

trend show similar pattern (Figure 4.49). Similarly meteorological data of 

Parachinar, Kakul and Balakot show an increase in the minimum temperature, a 

firm indication of increase in the average surface temperature. 
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Rainfall and Temperature Trends in Peshawar Meteorological Stations (1960-

2007) 

 

 

 

 

 

 

 

 

 

Figure 4.40: Trends in 10 mm rains Peshawar 

 

 

 

 

 

 

 

 

 

Figure 4.41: Trends in 20 mm rains Peshawar 
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Figure 4.42: Trends in 50 mm rains in Peshawar 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.43: Maximum Temperature Trends in Peshawar 
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Figure 4.44: Minimum Temperature Trends in Peshawar 

 

Rainfall and Temperature Trends in Saidu Sharif (1970-2007) 

 

 

 

 

 

 

 

 

 

 

Figure 4.45: Trends in 10 mm rains in Saidu Sharif 
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Figure 4.46: Trends in 20 mm rains in Saidu Sharif 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.47: Trends in 50 mm rains in Saidu Sharif 
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Figure 4.48: Maximum Temperature Trends in Saidu Sharif 

 

 

 

 

 

 

 

 

 

 

Figure 4.49: Minimum Temperature Trends in Saidu Sharif 
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Rainfall and Temperature Trends in Risalpur (2000-2009) 

 

 

Figure 4.50: Trends in Total Rains in Risalpur 
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Table 4.18: Significant Change in Trends in Rains and Temperature in Peshawar, Saidu Sharif, 

  and Risalpur 

 

Sr. 

No 

 

Station 

 

Parameter 

Significant Change 

(P-value ≤ 0.05) 

Non-Significant Change 

(P-value ≥ 0.05) 

1 Peshawar 

(1960-2007) 

Rainfall Events 

    (i)     ≥10 mm 

√  

    (ii)    ≥20 mm √  

    (iii)   ≥ 50 mm  √ 

Maximum Temperature √  

Minimum Temperature  √ 

2 Saidu Sharif 

(1970-2007) 

Rainfall Events 

    (i)     ≥10 mm 

 √ 

    (ii)    ≥20 mm  √ 

    (iii)   ≥ 50 mm √  

Maximum Temperature  √ 

Minimum Temperature √  

3 Risalpur 

(2000-2009) 

Total Rainfall   

   

   

Maximum Temperature  √ 

Minimum Temperature √  

 

Note:  ‗√‘ symbol is used to indicate significant or non significant change in parameters. 

Source: Pakistan Meteorological Department Islamabad 
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Figure 4.51: Trends in Maximum Temperature in Risalpur 

 

Figure 4.52: Trends in Minimum Temperature in Risalpur 

 



227 

 

 

 

The data analyzed for Risalpur meteorological station was from 2000 to 2009. The 

trends in rainfall show increase upto 2005 and then drop to 2009. Graph for 

maximum temperature show peak temperature in 2004 and then erratic drop to 

2009. Significant changes have been summarized in table 4.18. The above 

discussion is more or less consistent with the results of the water discharge 

extrapolations (Figure 4.38). 

 

4.9 SAND MINING AND GRAVEL EXTRACTION 

Uncontrolled, unchecked and unsustainable sand mining and gravel 

extraction is another severe problem that Kalpani stream faces and is potentially 

one of the major threats to its existence. While it is being done throughout the 

length of the stream it is done at mass scale in zones falling in Gujar Garhi to 

Rislapur stretch of the stream. The most affected zone is Chowki Nisar where 

mining has created huge depression in the mainstream slowing the speed of the 

water facilitatating settlement of pollutants. On the basis of information collected it 

can be declared the most polluted zone of Kalpani stream. The conditions due to 

low and slow flows in winters become intolerable, so the species caught during 

study period are few both in number and diversity. There is an earnest need to 

develop a detailed understanding as to what can happen to a stream like Kalpani if 

only sand mining and gravel extraction can go on unchecked at the current pace in 

space and time. 

 

Padmalal (2007) reports that due to unsustainable sand mining and gravel 

extraction from the channels and mainstream of Vambanad lake Kochi city, 
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Kerala, India the riverbed in the storage zone has lowered to such an extent that it 

has drastically altered its physical, chemical and biological environment and has 

impaired its ecological services. It is worth mentioning that the sand mining and 

gravel extraction is forty times more in comparison to the recharge. In view of its 

immense importance cognizance needs to be taken of the fact that entire process of 

mining and extraction of natural resources like sand and gravel has significant 

potential for disrupting aquatic and contiguous terrestrial environments (Rabie et 

al., 1994). 

 

The fresh water ecosystems are considered as a resource providing 

numerous services (DWAF, 1994). It is earnestly needed that their integrity is 

protected and preserved for drawing the benefits on sustainable basis (DWAF, 

1996).The degradation of a river includes; lowering and deepening of bed, bank 

erosion, enlargement of river mouth, threat to bridges and nearby structures, 

impaired groundwater recharge, destruction of aquatic and riparian habitat. For 

transportation of sand and gravel the vehicles trample streamside fertile lands and 

disturb streambed resulting in loss of crops, fish productivity and biodiversity, and 

recreational potential and lowering of land and aesthetic values. 

 

One of the journals in India writes on the issue on February 19, 2010 under 

the title of ‗Sick Rivers - Halt the sand mining loot‘, ―It is not all gas. It has already 

happened, for instance, in Kerala. Its second largest river Bharathappuzha, also 

known as Nila, has become a victim of indiscriminate sand mining‖. The journal 

India together recently reported, ―Despite numerous prohibitions and regulations, 
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sand mining continues rapidly on the riverbed of the Bharathappuzha. Water tables 

have dropped dramatically, and a land once known for its plentiful rice harvest 

now faces scarcity of water in the villages, towns around the river, groundwater 

levels have fallen drastically, and wells are almost perennially dry‖. 

 

One of the prime victims of unsustainable extraction of gravel is the anglers 

dream fish Mahseer Top in various water bodies. Breeding grounds of Top are in 

the gravel bottom. The disruption and the loss of gravel would destroy the habitat 

and the fish already threatened would face even tougher challenge of life. Very 

similar is the case with Tin which inhabits the gravely environment not only for 

breeding but for all the physiological activities. Even if it was not the climatic 

changes and other causes, sand mining and gravel extraction alone is a major 

threat. . In view of the climatic and non-climaticchanges Kalpani is well and truly 

―imperiled‖. 
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Chapter 5 

GENERAL DISCUSSION 

5.1 CLIMATE CHANGE IMPACT 

Kalpani stream is dying under increasing human and climatic stressors. 

Climate change is a natural phenomenon and is happening since the birth of the 

universe. It basically is responsible for and guarantees the existence of life on 

earth. The debate that whether human beings are responsible for climate could not 

attract attention until 1987 despite the claims made in late 1890s; that due to 

anthropogenic activities such as burning of fossil fuels will increase the existing 

levels of CO2 resulting in increase in average temperature thereby enhancing global 

warming. Human by habit does not take cognizance of something happening 

around him until there is a catastrophe. So it took almost a century i.e. in 1988 that 

the theory of ‗greenhouse gas effect‘ was recognized as influencing natural 

processes. The immediate response was the foundation of IPCC and 

acknowledgement that the earth average surface temperature is warm than at any 

other time in the last 6, 20,000 years (evidence from ice core data) and in particular 

since 1750. Greenhouse gas effect maintains earth‘s average temperature at 15 °C 

as against -18 °C (unlivable conditions). IPCC has so far produced four assessment 

reports (1991, 1997, 2001and 2007) and continues to update the data and 

information. On the basis of the reports and with higher degree of confidence it can 

be said that earth‘s average temperature since 1905 has increased by 0.74 °C with 

major increases in the warming coming after 1961 as a result of expansion and 

intensification of industry. The 20 warmest years ever recorded have occurred in 

the last 50 years and the three hottest ever in the last decade and a half. From the 
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events and scientific evidence collected in the last 50 years it can be said with very 

high degree of confidence that the unprecedented increase in temperature is due to 

anthropogenic activities. 

 

The increase in temperature has increased; unpredictability of the weather, 

extreme events manifesting as GLOFs, Katrina‘s, heavy flash floods, earthquakes, 

Tsunamis, melting in the permafrost, rising of sea levels etc stretching the 

resilience of every ecosystem on the globe. Hard hit are the most vulnerable people 

having weak capacity to adapt to the most emerging environmental issue ever. The 

economic loss runs into trillions of dollars. 0.2 °C increase in temperature per 

decade has been projected till the end of the current century. One can very well 

imagine that if an increase of less than 1 °C can bring devastation of the magnitude 

that has so far been experienced then what will be the fate of planet if the 

temperature rises by 3.5 °C. It will pose probably the toughest challenge to the 

environmentalist and the decision makers particularly the major polluters (the most 

industrialized and developed countries) ever. 

 

The impact has been more visible on freshwater ecosystems. More than 

half of the world‘s wetlands have been lost, more rivers run dry before reaching the 

seas, more than 25% of the species of fish and amphibians are threatened, increase 

in variation and duration of low flows, impact of pollution is increasing in view of 

variation in flows particularly in low flows etc. In such a situation non-climatic 

changes such as biomanipulation, water abstraction, unsustainable use of water, 

mining and extraction of sand and gravel, damming etc have also begun to have an 
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impact on the freshwater ecosystems. A slight increase in temperature induces a 

major change in the behavior of aquatic flora and fauna urgeing them to migrate to 

safe heavens (poleward). The species with broader thermal and ecological range 

adapt to the change quickly, others might face extinction at least at the local level 

e.g., Channel cat fish (Ictalurus punctata) the major cultured fish in United States 

migrated 240 km to north in response to a 1°C increase in temperature.  

 

5.1.1 Climatic Changes Impact on Freshwater Ecosystem 

The impact is more severe on the urban streams as they are subjected to 

every sort of anthropogenic use and abuse. Kalpani stream is no exception. The 

freshwater ecosystem of Kalpani is the lifeline of the entire district of Mardan and 

part of district Nowshera. It originates at an altitude 1520 feet at 34
o
31‘48.39‖ N 

72
o
11‘22.5‖E in Malakand agency as Kalpani minor nullah and after confluence 

with Landi khwar near Chanchanokhat district Mardan becomes Kalpani stream. 

The stream has 110 kilometers running length, from the point of its origin to the 

point of its confluence with Kabul River near Pirsabaq district Nowshera, and a 

catchment area of 2720 square kilometers. The main stream body from the point of 

its confluence at Chanchanokhat to the point of its confluence with Kabul River 

with a running of length 54.87 kilometers has been selected for the investigations 

under the current study. 

 

From the available secondary data and primary data generated during the 

current study it can be clearly established that Kalpani stream is well and truly 

‗imperiled‘. It was dubbed as the 2
nd

 dirtiest tributary of Kabul River system in 
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1992-93. On the basis of data generated in the current study not only substantiate 

the statement but proves that the situation of the freshwater ecosystem has gone 

from bad to worse. If the current trends in climatic and non-climatic changes 

continue the worst is not far away. 

 

5.1.2 Climate Change Impact on Fish Fauna 

The study was designed to assess and evaluate impact of climatic changes 

on the structure and function of freshwater ecosystem of Kalpani stream and on the 

basis of the investigations carried out during the current study predict future 

changes. Primarily designed to study the impact of climatic changes, some of the 

non climatic changes have also been highlighted to evolve a holistic picture and 

provide more food for further research in view of the critical role they play. To 

evolve a comprehensive picture the main steam as per design (Figure 3.3) of the 

study was divided into 10 zones (Table 3.1and Figure 3.1). The impact, of climatic 

changes primarily variation in temperature and precipitation influencing the water 

discharge, on PCFs and fish fauna was investigated in detail from February 2007 to 

November 2008. Further investigations were also carried out into inter and intra-

relationships of PCFs and fish species (selected as bioindicator). To facilitate the 

analysis fish fauna captured was grouped into Cyprinid (the dominant group) and 

Non Cyprinid. In all 31 fish species were captured, 19 belonged to family 

Cyprinidae, of which 17 are native and two are introduced and 12 species belonged 

to families Balitoridae, Bagridae, Heteropneustidae, Cichlidae, Channidae, 

Sisoridae, Siluridae, Mastacembelidae, of which 5 were endemic, 6 native and 1 

introduced. To create current and future scenarios data collected and generated was 
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divided into winter and summer scenarios enabling to analyze and compare effects 

of climatic change in different times of the year. Data generated was analyzed by 

employing statistical techniques like ANOVA, Regression and Canonical 

Correspondence Analysis (CCA) to study impact of PCFs on the distribution, 

composition, relative abundance and ecological range of fish species under the 

changing climatic conditions. The impact of sand mining and gravel extraction and 

intrusion of fish species from Kabul River into the Kalpani stream has been 

discussed on the basis of the observations made during the study period. 

 

After a thorough analysis and evaluation of available fish sampling 

techniques cast nets in view of its convenience and effectiveness were selected for 

fish sampling. Sampling was carried out over stations a kilometer apart in each 

zone. Fish was preserved on the spot and latter on identified. Secondary data from 

the internet was collected (Table 4.5) to divide the captured fish fauna according to 

their relative value (commercial, ecological) and to study their relative abundance, 

composition and distribution in each zone in addition to their resilience. It was 

noted that fish diversity increased from north to south and that relative abundance, 

composition and distribution vary in winter and summer scenarios from zone to 

zone (Tables 4.1-4.4). Crl and Top (Cyprinids) were the dominant fish species 

captured. Myb species was the fish caught most number of times followed by Orm 

in Non Cyprinids. The most heartening aspect was the presence of the most prized 

game fish Top in all the zones, which is threatened in most of the water bodies it 

inhabits. It can be said that Top is bioindicator of the environmental conditions of 

Kalpani freshwater ecosystem and any improvement either at species or population 
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level of Top would be an indication of improvement in the health of Kalpani. Zone 

9 and 10 because of offering favorable conditions for fish culture had the highest 

species richness and diversity. The species composition in Non Cyprinid did not 

vary too much both in winter and summer except in zones 4, 5 and 6 where there 

are no fish in winters and in summers the situation improves. From both the winter 

and summer scenarios it can be seen that 4, 5 and 6 are the zones that fish does not 

like as the lowest number of fish species captured suggest. The other reasons could 

be overfishing, loss of habitat and close to the lethal level of pH (Table 4.6) just 

below which fish kills happen. In view of increase in water temperature which will 

influence all other PCFs the 5 endemic species all belonging to Non Cyprinid 

group would be the most hard hit in view of their low capacity to migrate as they 

are e.g., stenothermal and may face local extinction. Lar and Lad are the most 

vulnerable species and in view of their very low resilience might face local 

extinction; whereas Top as the highest vulnerable species might be at increased 

risk of local extinction, the only ray of hope for it to survive is its ability to migrate 

and high resilience to recovery. Orm for being eurythermal, euryhaline, with very 

low vulnerability and high resilience is the species that stands the best chance to 

flourish in the future (Table 4.15). Of fish species captured 10 are of high 

commercial value, 10 minor commercial value and 11 of ecological value. In view 

of the future scenario the overall fish production might not fall appreciably due to 

flourish of species like Orm, Cyc etc but the health of the ecosystem would be at 

increased risk as the species with ecological value are mostly endemics might not 

be able to adapt to the changes. More over diversity of fauna increases the capacity 

of the system to adapt to changing environmental conditions. Fish fauna studied by 
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various scientists since late 1800s show very little change and that too because of 

the controversies in taxonomic anomalies, which have mostly of late been laid to 

rest. Fish catch providing livelihoods to hundreds of families has been varying 

around the 200+ to 400+ m tons per annum since the creation of the Mardan 

fisheries division in the early eighties. The fish fauna is more diverse as compared 

to that reported by Kosygin and Dharmendra, (2005); studies carried out on river 

Ravi, Sohan, to assess and evaluate the impact of metals (Mn, Fe, Ni, Zn, As, Cd, 

Pb, Co, Cr) reveal heavy contamination in the muscles of fish which indicate that 

these deleterious metals go up the food chain and are harmful both to fish and 

human. The order of contamination was found different for different water bodies 

and even in different fish species (Gulfraz, 2000), in other words different species 

of fish respond differently to different levels of metals when we talk of 

bioconcentration, bioaccumulation and biomagnifications (Jaffer and Ashraf, 1990; 

Ashraf and Jaffer, 1988). Similar results for major cations were also observed in 

the above mentioned study. It is observed that decrease in the concentrations of 

DO as a result of increase in temperature favors the multiplication of anaerobic 

micro-organisms which affects the reproductive activities of biota especially fish 

(Coutant and Pfundere, 1973). 

 

The main fishery of Kalpani stream has been more of subsistence type and 

commercial activities have remained restricted to catch and sale, more so with nets, 

though illicit and illegal means of fish catch are not uncommon. Fish is still the 

cheapest source of protein especially for poor. With sharp trend in price hike 

fisheries would assume enormous importance in not too distant future besides 
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increasing trend in competition for water, for other uses will put the stream under 

increasing stress. 

 

5.1.3 Climate Change Impact on PCFs 

To ensure that samples truly represented the environment of Kalpani stream 

sampling was done by collecting water from the middle and the sides of the stream 

and mixed to take samples in a one liter plastic gallon. Six out of 21 PCFs were 

collected on the spot while for the rest of 15 parameters the analysis was carried 

out in PCSIR laboratories complex Peshawar. Literature review revealed that detail 

investigations on PCFs have never been carried out on Kalpani stream except for 

the study carried out in 1992-93 by IUCN in partnership with prominent Academia 

and Research institutions. The investigations were carried out to assess status of 

pollution in Kabul River system and Kalpani was studied as a tributary and not as 

standalone water body. Other works carried out have been for a few parameters 

and that too restricted to collection of data rarely exceeding 4 months period. 

Because of authenticated, international standard and reasonable number of 

parameters (28) investigated in the Kalpani stream, the study by IUCN and others 

(1994) is taken as baseline to assess and evaluate the status of PCFs under the 

current study. The comparative results in table 4.17 indicate that overall status of 

PCFs has gone from bad to worse and in some cases the results might be 

irreversible (heavy metals). In winter scenario 10 parameters indicate –ve trend 

with 7 showing extreme increase in the values especially in heavy metals (crossing 

the lethal limits), clearly indicating increase in pollution from all sources 

particularly the industrial pollution. Only 2 parameters show improvement. In the 
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summer scenario 7 parameters show –ve trends alluding to very high pollution due 

to increased industrial activities and runoff due to land use changes. Only 5 

parameters show some improvement. In the nutshell the stream has lived upto its 

reputation of the 2
nd

 most dirty tributary of Kabul River system. These are not 

good omen for fish with narrow tolerance for certain environmental factors which 

might turn lethal in view of increase in temperature. The values of pH in both the 

scenarios in some zones are close to lethal level and as a rule should result in fish 

kills but the high values of hardness, turbidity etc the lethality of pH has 

appreciably been reduced. Improvement in DO can be attributed to very high 

floods that have been occurring in Kalpani since early 1990s clearing the stream 

bed and making life for fish and other biota a bit easier. It seems that the lease of 

life that the flash floods have been giving to Kalpani have helped it maintain its 

biodiversity and ecological health. Tables 4.5.1 and 4.6.2 show intrarelationship 

among the PCFs. Altitude seem to have strong relationship with all the parameters 

in both winter and summer scenarios but particularly with temperature. 

Temperature has relationship with or in other words influences 10 PCFs 

particularly altitude, total hardness, sulphates, Fe and Ni, while in summers with 8 

PCFs in particular with DO, conductivity, sulphates, Fe, Ni and Zn, which means 

that with increase in temperature these PCFs would reach the lethal or sublethal 

levels for biota especially for fish. If for example it only influences DO a major 

ecological disaster could occur in Kalpani. Turbidity, conductivity and TSS also 

have relationship with few PCFs but their relationship among themselves is 

significant as they reduce the lethality of pH. Conductivity has in particular very 

strong relationship with sulphates and all the heavy metals except Cr. TSS have 
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very strong relationship only with conductivity. The data was analyzed through 

regression and CCA. Some comparisons with the data generated under the current 

study were drawn as under to have a picture of the comparative status to other 

water bodies. 

 

The values of temperature were similar to as: recorded by Chukwu and 

Nwankwo (2005); Kosygin and Dharmendra (2005); noted by Subhashini and 

Saradhamani (2005); measured by Butt (1989) and less than the recorded at one 

place for River Ravi (Gulfraz, 2000). The values for DO were: significantly higher 

than noted by Chukwu and Nwankwo (2005); closer to those noted by Kosygin and 

Dharmendra (2005); similar to those of Mathivanan et al. (2005) and for Warsak 

dam (Butt and Akhunzada, 1986); much higher than noted by Johnson et al. (2005) 

and higher than those recorded by Subhashini and Saradhamani (2005). Lower 

levels of DO due to pollution such as sewage have been reported by Singh et al. 

(1994) and values recorded by Subhashini and Saradhamani (2005) makes it unfit 

for every sort of use (Karthikeyan et al., 2002). 

 

The values for suspended solids were less than recorded by Butt (1989); 

similar to those recorded for Warsak dam are similar to the results of winter 

scenario (Butt and Akhunzada, 1986) and far less than those recorded for river 

Sardaryab (Butt and Shafiq, 1987). The values for dissolved solids were very 

similar to those noted by Chukwu and Nwankwo, (2005); Akpata et al. (1993); 

Ajao and Fagade (1990); significantly lower than noted by Kosygin and 

Dharmendra (2005); higher than noted by Paul and Nandi (2005); lower than the 
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lower range values noted by Mathivanan et al. (2005) for both winter and summer 

scenario and far less than the extremely high values recorded for River Ravi 

(Gulfraz, 2000). The values for pH were found to be quite similar to those recorded 

by Chukwu and Nwankwo (2005); slightly higher than the values noted by 

Kosygin and Dharmendra (2005) and less than as noted for river Ravi (Gulfraz, 

2000). It was also observed that higher pH was due to carbonates as observed by 

Purohit and Singh (1981) in their study. pH affects the ionization balance of 

various compounds and as such increase their toxicity. The effects of pH lethal 

levels have been neutralized by the higher levels of hardness and suspended solids. 

 

The values for chloride are significantly higher than recorded by Kosygin 

and Dharmendra (2005); similar to those recorded by Johnson et al. (2005) and 

much higher than recorded by Subhashini and Saradhamani (2005). The values for 

calcium are very high compared to the values recorded by Kosygin and 

Dharmendra (2005); similar in the higher range to those of Johnson et al. (2005) 

and higher compared to those recorded for river Ravi (Gulfraz, 2000). Mineral 

contents are essential for building and strengthening of skeleton and bony parts of 

the body, for osmosis and acid balance, development of blood tissue (McDonald et 

al., 1981) strongly influence the distribution and abundance of aquatic biota 

(Boycott, 1936) e.g., mollusks vanish at Ca 20 mg/L (Townsend, 1980); fish 

require 26 mg/L of Ca to freely multiply (Macon and Worthington, 1951). Higher 

values of calcium may be due to invertebrates like gastropods which consume 

calcium (Singh and Jha, 2000). The values for turbidity compared to the values 
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recorded by Mathivanan et al. (2005) were higher both in the lower range as well 

as higher. 

 

The fluctuation in the conductivity values were found closer to the lower 

range of values noted by Mathivanan et al. (2005); lower than recorded by 

Subhashini and Saradhamani (2005) and a little lower in river Ravi (Gulfraz, 

2000). Total hardness values were similar to the values recorded by Mathivanan et 

al. (2005) and lower than those noted for river Ravi (Gulfraz, 2000). Dissolved 

salts have pronounced impact on the various life stages of aquatic fauna especially 

fish (Anonymous, 1988). Total hardness affects the cleaning characteristics of 

water (Anonymous, 1988). The results for iron show that they were higher to the 

recorded values of Johnson et al. (2005) and were higher as noted in river Ravi 

(Gulfraz, 2000). Adding ferrous sulphate enhances hemoglobin level in fish and 

thus growth, in toxic form the results were in reverse (Fazal et al., 1997). 

 

Total Alkalinity was found to be much higher than recorded by Subhashini 

and Saradhamani (2005); extremely high from those reported by Suresha et al. 

(2005) and nearly similar to the one noted for river Ravi (Gulfraz, 2000). Higher 

levels of Total Alkalinity may be due to leaching of soils during natural filtration 

(Kataria, 2000). Alkalinity has the property to form complexes with heavy metals 

and thus decrease their toxicity (Fazal et al., 1997). The values for Nickel were 

very high from those noted by Suresha et al. (2005) and very high as investigated 

for river Ravi (Gulfraz, 2000). The values for Cobalt were to be very high 

compared to results of Suresha et al. (2005) and higher as recorded for river Ravi 
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(Gulfraz, 2000). Zinc levels were found to be extremely high as reported by 

Suresha et al. (2005) and extremely high as recorded for river Ravi (Gulfraz, 

2000). Chromium levels were found to very low compared to those recorded for 

river Ravi (Gulfraz, 2000). Depth of water is comparatively high at Chowki Nisar 

and similar to: the results of limnological investigations of river Kabul (Butt, 

1989); noted for Warsak dam (Butt and Akhunzada, 1986) and to those recorded 

for river Sardaryab (Butt and Shafiq, 1987). 

 

5.1.4 Climate Change Impact on Water Discharge 

Secondary and primary data on water discharge was collected from 

Provincial Irrigation Department, Peshawar. This presented major impediment in 

organizing the research. The data was to be subjected for analysis for generating 

future water discharge scenario. The data was found to be deficient as it showed 

high fluctuations. The data was ultimately analyzed with cftool of matlab software 

for generating future discharge scenario. The initial thinking of analyzing the data 

on daily basis was modified and was converted to annual average discharge. 

Calculating exact periods of low flows and extreme events could not be achieved 

which could have helped in the interpretation of other parameters and in generating 

more improved future scenario. Future projections of water discharge were drawn 

for the period 2006 to 2025 on the basis of available water discharge from 1984 to 

2005 (Figure 4.38). The projections indicate uncertainty in flow which is consistent 

with uncertainty associated with climate change. The 2025 scenario show 

decreased water discharge which means that precipitation would be low. This will 

influence flow regime components bringing drastic changes in stream 
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characteristics lowering the carrying capacity and ultimately the production. It also 

impairs the depuration qualities of fish which results in fish kills (affecting fish 

production). Low flows are more prone to sun radiation which increases water 

temperature, which in turn decreases DO. Decrease in DO to sublethal or lethal 

levels is extremely deleterious to biota. Increase in duration of low flows would be 

devastating for the health of the freshwater ecosystem of Kalpani. Studies at the 

global level show that smaller streams under climatic changes would experience 

increased frequency of flashfloods and longer periods of low flows which very 

much is the case with Kalpani. Because of acute constraints water budget 

components could not be investigated and have been left to future investigations. 

 

5.1.5 Climate Change and Meteorology 

To verify whether the findings and projections of water discharge holds 

true secondary and primary data was analyzed on temperature and precipitation of 

the three meteorological stations (Saidu Sharif, Peshawar and Risalpur) recording  

meteorological influence on Kalpani stream. The analyses of the data for the three 

meteorological stations indicate trends in temperature and precipitation similar to 

results for water discharge (Figures 4.40-4.52). It can be observed that the pattern 

could be consistent with the projections made for water discharge scenario of 2025. 

There may be decrease in precipitation due to increase in temperature which will 

result in low flows and given the increase in water demand due to increase in 

population and other demands there will be fierce competition for water use from 

Kalpani stream. This will then be the deciding factor whether the water is needed 
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for human use at the cost of survival of the ecosystem of Kalpani. Only if common 

sense prevails then the water body will survive. 

 

5.2 CONCLUSION AND RECOMMENDATIONS 

5.2.1 Conclusion 

Declared as ―biological assets freshwater ecosystems are both 

disproportionately rich and disproportionately imperiled‖, and on the basis of data 

generated and collected for the study Kalpani stream fully vindicates the statement. 

To maintain the resource importance of parameters like varying water discharge, 

sediment and pollution loads need to be recognized. To continue to provide the 

amenities and services on sustainable basis society should help native aquatic 

species to flourish. On the contrary Kalpani stream is subjected to every sort of use 

and abuse and is under increasing stress from various sources. The impacts of 

climatic and non-climatic stressors have ‗imperiled‘ it and there is an earnest and 

urgent need to protect it. It is increasingly now accepted that none of the methods 

available can be concluded as the best for determining freshwater ecosystem water 

requirements (Acreman and King, 2003). A good choice could include match 

between a flow assessment technique and site specific parameters supported by 

conditions and bound by constraints. Recent studies show more success for 

research when the objectives were set for setting water flow requirements based on 

pure hydrological parameters instead of holistic approaches taking into account a 

number of components such as social responses, flow regime etc. 
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PCFs particularly heavy metals have reached very high lethal levels 

indicating very high pollution from all sources affecting the water quality and 

living conditions for biota. The conditions in view of growing population of the 

project area will grow worse and so would the pollution levels and demand for 

water for other purposes with increasing stress on the already degraded conditions 

of the steam jeopardizing the livelihood of dependent communities. The quality of 

the water with the current trends becomes extremely unfit for human consumption. 

Fish will also become unfit for human consumption. The future scenario for water 

discharge also indicates low flows due to variation in temperature and precipitation 

affecting the overall productivity of the stream if not during the current study in the 

nearest future and onward. It is concluded that Kalpani is imperiled and is dying. 

 

5.2.2 Recommendations 

The impacts described are based on projected GHGs that will double by the 

end of this century and an improvement in the situation keeping in view the track 

record of the parties to the Kyoto protocol seem highly unlikely. Thus, it is 

incumbent upon KPK to focus on adaptation strategies to protect and conserve 

freshwater resources based on carefully conducted targeting research program, 

given the increasing threats to such resources occurring as a result of climatic 

changes. This puts to the front that more research is needed to be focused on the 

freshwaters to enable the policy level and decisions makers to take appropriate 

measures to save their biological assets for future generations. Following are some 

of the areas for future research pursuits: 
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• Formulation of management plan for improved resource use which should 

include; flow regulation, surface water withdrawals, riparian vegetation and 

monitoring of the pollution. 

• Assessment and restoration of the water body measures based on carefully 

perapred plan employing scientific data. 

• Watershed and catchment level management based on scientific evidence 

• Formualaiton and implmnetation of adaptation and mitigiation plans based 

on assessment of vulnerablilities of biota of the system to reduce the impact of 

climatic and non-climatic changes. The vulnerability assessment should include the 

economic evaluation of the benefits and the adverse impacts of climatic changes on 

Kalpani stream. 

• The role of stress proteins, Chaperones and immediate response genes is 

very important in view of the climate change. Research into these areas can 

provide some plausible explanations and solutions to a myriad of questions and 

queries. 

• A data bank on the flow regime, PCFs, biota, status of pollution and water 

budget components including PCFs, flow pattern, pollution, for improving the 

reliability and efficiency of data system needs to be established for improved and 

informed decision making about drawing benefits from Kalpani stream. 

• To reduce the impact of pollution on the water body rules and regulations 

of domestic and industrial wastes generated need to be enforced indiscriminately if 

Kalpani is to be saved for future generations. 

• To reduce the impacts of devastating floods studies on early warning and 

information systems for Kalpani stream needs to be improved to improve disaster 
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preparedness and disaster risk reductions in addition to placing flood management 

arrangements. 

• Human beings are an integral part of the freshwater ecosystem especially 

those dependent on it for their livelihoods. Any planning to improve the health and 

ensure sustainable use should include all the stakeholders including the fisher folk 

communities and the anglers. 

• Exclusive measures need to be taken to strictly regulate the sand mining 

and gravel extraction and make it sustainable so that the mining and extraction 

equals the recharge capacity of Kalpani stream. At the moment the operations has 

already degraded the ecosystems in zones like Gujar Garhi, Baghdada, Chowki 

Nisar etc and hardly any fish can be caught in these zones. 

• Existing laws need to be reviewed and brought into the conformity with 

sensitivities of freshwater ecosystems demands and through a system of check and 

balances and through offering incentives at least in the shorter term for effective 

implementation of the relevant rules and regulations such as NEQS.  

• An awareness raising campaign should be launched highlighting the 

importance of Kalpani to the socio economy of Mardan and Nowshera districts and 

the services that the water body is rendering to the humanity at large. 

 

5.2.3 From Here Onward 

Little work has been done on the impact of climatic changes on freshwater 

ecosystems; rather focus has remained on the global change. The situation 

demands rectification of the approach. The research efforts need to be directed to 

landscape, catchment and watershed scales for assessment of climatic changes. 
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Mesoscale climate models (Schndder, 1992) which can be adjusted to fresh water 

ecosystem scales capable of accommodating the corresponding changes including 

effects of precipitation, responses to changes in CO2, vegetation changes and soil 

changes on runoff can be employed. The human interaction and climate change 

trigger further changes in response to changes in freshwater ecosystem needs to be 

recognized as significant feedback and should be part of the views of ecosystem 

dynamics and future research. The model established as a result of the 

investigations will go a long way in highlighting the miseries and sufferings of 

water bodies like Kalpani and would at least make the stakeholders think - is it not 

time to act to mitigate some of the effects of global climate change. 

 

Some of the future areas of the research on Kalpani could include: 

continuation of the current study plan with modification and refinement; 

investigating water budget components; investigation into full range of PCFs; 

limnological investigations including the productivity components sustaining biota 

in Kalpani; current model downscaled to the level of tributaries of Kalpani; 

assessment and evaluation of the impact of climatic changes at watershed, 

landscape and catchment levels; studies on bioaccumulation, bioconcentration and 

biomagnifications of PCFs on the fish; Research on SURFACE 

RECONSTRUCTION using given data to construct an interpolating polynomial 

satisfying the inherited properties of given data such as POSTIVITY, 

MONOTONICITY, CONVEXITY; projections of the weather components such as 

precipitation, temperature, trends in extreme events etc. 
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SUMMARY 

The current study is unique and innovative in the sense that no effort of this 

kind, scale, magnitude and depth has ever been attempted on Kalpani and for that 

matter on any comparable stream and/ or river. The model developed as a result of 

the current investigations subject to further refinement can be replicated and 

upscaled/downscaled to other water bodies. The study has the potential to have 

multiplier effect and trigger a host of such efforts across the board if not through its 

approach and design, may be through another design. Nevertheless, the fact 

remains that it has tried to highlight the most emerging environmental challenge 

ever faced by human and other beings i.e. climate change. 

 

Current fish fauna is diverse and so has the capacity to respond to the 

environmental challenges at least in the shorter term (may be a decade more) 

giving ample time for the relevant stakeholders to give serious thinking of 

addressing the deteriorating situation. At the moment fish population increases 

from north to south and the distribution is not so even. Gujar Garhi, Hoti and to 

some extent Turo Mayar zones have the thinner fish populations. These are zones 

where activities like sand mining and disposal of domestic and industrial wastes 

are high quite to the dislike of fish. The changing climate has put the existence of 

fish in danger; endemics would be the first to fall prey to the devastation of 

climatic changes followed by the species with high vulnerability and low 

resilience. In such a scenario introduced fish like Orm, Cyc would flourish. Top is 

the second most abundant fish in all the zones and is famous for being prize fish 

for angling and is the most endangered for its high vulnerability but if effective 
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management measures are put in place could survive because of its migratory 

habit. Lar and Lad for their lowest resilience and very high vulnerability are facing 

local extinction. It is also worth mentioning that fish like Cyc depend on the spats 

for their reproduction and in the absence of that it might not multiply affecting the 

productivity of Kalpani. In the nutshell fish which are eurythermal, euryhaline and 

having the capacity to move to favorable zones will survive. In the scenario of 

2025 for which increase in the duration of low flows has been predicted fish like 

Schizothorax spp, Wallago attu, Channa spp, Cyprinus carpio could be recruited to 

save Kalpani from total death in addition to strict conservation measures and 

implementation of relevant rules and regulations for reduction of pollution. 

 

The environmental conditions as the findings of the study suggest have 

been on the decline if 1992-93 is taken as the baseline for assessing the health of 

the freshwater ecosystem of Kalpani. Human response in addition to the climatic 

changes at the global levels has remained indifferent. No mercy has been shown to 

it. Except for DO and total suspended solids all the parameters investigated during 

the study period suggest that conditions for living within the ecosystem and outside 

for the human population have been on the sharp decline indicating very high 

pollution input from all sources. Pollution has been having unprecedented impact 

on the environmental factors. It still needs to be investigated whether the fish of 

Kalpani is safe for human consumption. A major human and environmental 

catastrophe could ensue. The ever increasing population density and the ensuing 

demand for water in addition to the demand for agriculture has added to the 
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miseries of Kalpani. The day is not far away when nature will react to the abuse 

and disregard shown to the freshwater ecosystem of Kalpani. 

 

As a global trend, experienced in small particularly urban streams, flash 

floods have been on the increase particularly from the mid nineties in Kalpani 

which means that low flow periods would increase as has been projected on the 

basis of the available water discharge data for the last 20 years. Though deficient 

but still useful water discharge data was extrapolated for the next 20 years i.e. upto 

2025 using computer software matlab. From the projections made for the period 

2005-2025 the flow regime is erratic and suggest that weather conditions would 

also be erratic. From the global studies it has been proved that under increasing 

duration of low flows the distribution, composition and assemblage of species may 

change and could result into impaired resilience of the water body and the biota. 

The findings as such suggest that the prevailing conditions around 2025 would 

force the fish either into migration or local extinction. 

 

To verify the findings of the water discharge extrapolation and the future 

scenario generated trends in the precipitation, maximum and minimum 

temperatures were studied using the met data of three meteorological stations 

recording the influence of the weather components on Kalpani. The trends clearly 

were in conformity with the trends in the water discharge before and during the 

study period. Though only observed during the study period non-climatic changes 

like sand mining and gravel extraction which are being operated throughout the 

length of Kalpani seems to be having disastrous impact. Unsustainable mining and 
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extraction, experience show at the global level, impairs the ecosystem functions 

like groundwater recharge, loss of habitat, altered riparian vegetation, fish 

production, damaged banks, recreation values etc. Some of the zones have already 

been degraded so much that hardly any fish was captured from Gujar Garhi, Hoti, 

and Turo Mayar especially in winters when the water discharge was low. The 

operations are being carried out almost the entire year and it seems that the day is 

not far away when sand mining alone could become the reason for the death of the 

Kalpani. Other non-climatic changes are unsustainable water abstractions, 

establishment of human habitations along the banks of the stream, intrusion of 

invasive species altering the fish community structure and distribution, etc. 

 

It can be deduced from the above discussion that multiple factors affect the 

assemblages, distribution, abundance and composition of fish fauna in Kalpani 

stream affecting the structure and functions of the freshwater ecosystem. The 

survival of fish fauna depends on the adaptive capacity of the fish to stretch their 

thermal and ecological ranges in search of favorable places. Hard hit as a result of 

changes would be endemic species and habitat specific species unable to adapt to 

the changes due to climate and non-climate sources. Measures need to be taken to 

ensure the judicious use of the ecosystem services rendered by Kalpani stream. 

Some of the measures include conservation of fish fauna, sustainable use of the 

water resource, careful and well thought out biomanipulation and introduction of 

species capable of adjusting to the environment of Kalpani without competing with 

the native fauna. This would enable it to continue to serve the human population 

dependent on it over a long period of time. 
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APPENDICES 

Appendix 1: Overview of CO2 concentration level, with corresponding 

          temperature increases 

 

CO2 concentration in ppm  pre-

industrial levels at 278 ppm; current 

levels at 380 ppm) 

Global mean temperature 

increase in 
o
C above pre-

industrial levels 

Peaking year of CO2 

350-400 2.0-2.4 2000-2015 

400-440 2.4-2.8 2000-2020 

440-485 2.8-3.2 2010-2030 

485-570 3.2-40 2020-2060 

570-660 4.0-4.9 2050-2080 

 

Appendix 2: Per capita water availability for Pakistan 

S. No. Year Population (million) Per capital availability (m3) 

1 1951 34 5300 

2 1961 46 3950 

3 1971 65 2700 

4 1981 84 2100 

5 1991 115 1600 

6 2000 148 1200 

7 2013 207 850 

8 2025 267 659 

 

Source: Draft State of Environment Report 2005 
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Appendix 3: Water demand/ consumption Pakistan Water Scenario 

 

Year 2004 2025 

Availability 104 MAF 104 MAF 

Requirement (including drinking water) 115 MAF 135 MAF 

Overall shortfall 11 MAF 31 MAF 

 

Source: Ten year perspective Development Plan 2001-11, planning commission 
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Appendix 4: Captured fish species and their abbreviation 

 

S. 

No. 

Fish species  Abbreviation  S. No. Fish species  Abbreviation  

1 Crossocheilus latius  Crl  19 Cyprinus carpio  Cyc 

2 Tor putitora Top 20 Triplophysa naziri  Tin 

3 Baralius modestus  Bam 21 Schistura microlabra  Scm 

4 Baralius vagra Bav  22 Mystus bleekeri  Myb 

5 Baralius pakistanicus Bap 23 Heteropneustes fossilis  Hef 

6 Puntius chola  Puc 24 Acanthocobitis botia  Acb 

7 Puntius Ticto  Put 25 Oreochromis 

mossambicus 

Orm 

8 Puntius sophore  Pus 26 Channa punctata  Chp 

9 Puntius terio  Pur 27 Glyptothorax naziri  Gln 

10 Puntius vittatus  Puv 28 Glyptothorax 

punjabensis  

Glp 

11 Salmostoma bacaila  Sab 29 Ompok pabda  Omp 

12 Garra gotyla  Gag 30 Mastacembelus armatus  Maa 

13 Labeo dyocheilus Lad 31 Mystus cavasius  Myc 

14 Labeo dero  Lar    

15 Aspidoparia morar  Asm    

16 Danio devario  Dad    

17 Chela laubuca Chl    

18 Carassius auratus  Caa    
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Appendix 5: Classification and status of Cyprinid fish fauna  

 

S. No. Fish name Class Order Family Genus Species Status 

1 Crossocheilus latius  Actinoptery

gii 

Cyprinif

ormes 

Cyprinida

e 

Crossocheil

us 

latius Native 

2 Tor putitora Do Do Do Tor putitora Do 

3 Baralius modestus  Do Do Do Baralius modestus Do 

4 Baralius vagra Do Do Do Do  vagra Do 

5 Baralius pakistanicus Do Do Do Do  pakistanic

us 

Do 

6 Puntius chola  Do Do Do Puntius chola Do 

7 Puntius Ticto Do Do Do Do   Do 

8 Puntius sophore  Do Do Do Do  Sophore Do 

9 Puntius terio  Do Do Do Do  terio Do 

10 Puntius vittatus  Do Do Do Do  vitatus Do 

11 Salmostoma bacaila  Do Do Do Salmostoma  bacaila Do 

12 Garra gotyla  Do Do Do Garra  gotyla Do 

13 Labeo dyocheilus Do Do Do Labeo  dyocheilus Do 

14 Labeo dero  Do Do Do Do  dero Do 

15 Aspidoparia morar  Do Do Do Aspidoparia  morar Do 

16 Danio devario  Do Do Do Danio  devario Do 

17 Chela laubuca Do Do Do Chela  laubuca Do 

18 Carassius auratus  Do Do Do Carassius  auratus Introdu

ced 

19 Cyprinus carpio  Do Do Do Cyprinus  carpio Introdu

ced 
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Appendix 6: Classification and status of Non-cyprinid fish fauna 

 

 

 

 

 

 

S. 

No. 

Fish name Order Family Genus Species  Status 

1 Triplophysa naziri  Cypriniform

es 

Balitoridae Triplophysa  naziri Endemic 

2 Schistura microlabra  Do Do Schistura  microlabra Do 

3 Acanthocobitis botia  Do  Do Acanthocobitis  botia Do 

4 Mystus bleekeri  Siluriformes Bagridae Mystus  bleekri Native 

5 Mystus cavasius  Do  Do  Do  cavasius Do 

6 Heteropneustes 

fossilis  

Do  Heteropneustidae Heteropneustes  fossilis Do 

7 Oreochromis 

mossambicus 

Perciformes Cichlidae Oreochromis  mossambicus Introduce

d 

8 Channa punctate do  Channidae Channa  punctata Native 

9 Glyptothorax naziri Siluriformes Sisoridae Glyptothorax  naziri Endemic 

10 Glyptothorax 

punjabensis  

Do  Do Do  punjabensis Do 

11 Ompok pabda  Do  Siluridae Ompok  pabda Native 

12 Mastacembelus 

armatus  

Synbranchif

ormes 

Mastacembelidae Mastacembelus  armatus Do 
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Appendix 7: Past and future water discharge scenarios of Kalpani stream 

Year Discharge in cusecs Year Discharge in cusecs 

1984 279.3 2006 9184.0 

1985 344.5 2007 8800.0 

1986 548.8 2008 5696.0 

1987 489.1 2009 4780.7 

1988 985.2 2010 5244.4 

1989 1476.5 2011 5754.4 

1990 5168.2 2012 6294.7 

1991 3342.0 2013 6845.1 

1992 4833.0 2014 7381.0 

1993 3304.1 2015 7873.7 

1994 3817.2 2016 8290.3 

1995 3829.4 2017 8593.6 

1996 3947.1 2018 8742.0 

1997 5176.1 2019 8689.8 

1998 4472.0 2020 8387.1 

1999 2686.8 2021 7779.7 

2000 1418.3 2022 6809.8 

2001 891.1 2023 5412.5 

2002 3454.4 2024 3523.0 

2003 8978.7 2025 1069.6 

2004 7438.9   

2005 8104.7   
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Appendix 8: Solubility of Oxygen in water at 1 atm pressure 

S. No. Temperature (
o
C) Concentration of Oxygen (mg/L) 

1 0 14.6 

2 20 9.1 

3 35 7.1 

 

(Zaune, 1990) 

 

Appendix 9: Degree of hardness of water 

S. No. Range  State of hardness 

1 0 – 75 mg/L Soft 

2 75 – 150 mg/L Moderately hard 

3 150 – 300 mg/L Hard 

4 300 plus mg/L Very hard 

 



289 

 

 

Appendix 10: Maximum permissible concentrations of metals for protection of  

human health 

 
Metal Chemical symbol Mg m

-3
 

Mercury Hg 0.144 

Lead Pb 5 

Cadmium Cd 10 

Selenium Se 10 

Thallium TI 13 

Nickel Ni 13.4 

Silver Ag 50 

Manganese Mn 50 

Chromium Cr 50 

Iron Fe 300 

Barium Ba 1000 

 

Source: EPA (1987); Federal Register 56 (110): 26460-26564 (1991) 
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Appendix 11: National Environmental Quality Standards of Pakistan (NEQS) 

for municipal and industrial liquid effluents (mg/L, unless otherwise defined) 

 

S. No. Parameter Existing 

standards 

Revised standards  

   Into inland 

waters 

Into sewage 

treatment  

Into 

sea 

1 Temperature 40 
o
C =<3

o
C =<3 

o
C  

2 pH value
 

6-10 6-9 6-9 6-9 

3 Total suspended 

solids (TSS) 

150 200 400 400 

4 Total dissolved solids 

(TDS) 

3500 3500 3500 3500 

5 Chloride (as Cl
-1

) 1000 1000 1000 SC*** 

6 Sulphate (SO)4 600 600 1000 SC*** 

7 Sulphide (S) 1.0 1.0 1.0 1.0 

8 Ammonia (NH3) 40 40 40 40 

9 Cadmium (4) 0.1 0.1 0.1 0.1 

10 Chromium 1.0 1.0 1.0 1.0 

11 Nickel 1.0 1.0 1.0 1.0 

12 Zinc 5.0 5.0 5.0 5.0 

13 Iron 2.0 8.0 8.0 8.0 

14 Chlorine 1.0 1.0 1.0 1.0 
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Appendix 12: sample graphs 

Summer Asm vs. summer envo 

 

Temp.

A
s
m

30292827262524

40

30

20

10

0

-10

-20

S 7.96515

R-Sq 53.8%

R-Sq(adj) 48.0%

Regression

95% CI

Fitted Line Plot
Asm =  - 99.49 + 3.881 Temp.

 

Regression Analysis: Asm versus Temp. 

The regression equation is 

S = 7.96515   R-Sq = 53.8%   R-Sq (adj) = 48.0% 

Analysis of Variance 

Source      DF       SS       MS     F      P 

Regression   1   590.95  590.951  9.31  0.016 

Error        8   507.55   63.444 

Total        9  1098.50 

 

 Fitted Line: Asm versus Temp. 
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Appendix 13: Sample graphs 

Summer Asm vs. summer envo 

 

DO

A
s
m

6.05.55.04.54.0

40

30

20

10

0

-10

-20

S 8.61737

R-Sq 45.9%

R-Sq(adj) 39.2%

Regression

95% CI

Fitted Line Plot
Asm =  57.19 - 10.42 DO

 

Regression Analysis: Asm versus DO 

The regression equation is 

Asm = 57.19 - 10.42 DO 

S = 8.61737   R-Sq = 45.9%   R-Sq (adj) = 39.2% 

Analysis of Variance 

Source      DF       SS       MS     F      P 

Regression   1   504.43  504.427  6.79  0.031 

Error        8   594.07   74.259 

Total        9  1098.50 

 

Fitted Line: Asm versus DO 
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Appendix 14: Sample graphs 

Summer Acb vs. summer envo 

 

Temp.

A
c
b

30292827262524

10.0

7.5

5.0

2.5

0.0

-2.5

-5.0

S 2.87588

R-Sq 35.4%

R-Sq(adj) 27.3%

Regression

95% CI

Fitted Line Plot
Acb =  28.40 - 0.9611 Temp.

 

Regression Analysis: Acb versus Temp. 

The regression equation is 

S = 2.87588   R-Sq = 35.4%   R-Sq (adj) = 27.3% 

Analysis of Variance 

Source      DF       SS       MS     F      P 

Regression   1   36.234  36.2343  4.38  0.070 

Error        8   66.166   8.2707 

Total        9  102.400 

 

Fitted Line: Acb versus Temp. 
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Appendix 15: Sample graphs 

Summer Acb vs. summer envo 

 

DO

A
c
b

6.05.55.04.54.0

10.0
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S 2.34680

R-Sq 57.0%

R-Sq(adj) 51.6%

Regression

95% CI
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Regression Analysis: Acb versus DO 

The regression equation is 

S = 2.34680   R-Sq = 57.0%   R-Sq (adj) = 51.6% 

Analysis of Variance 

Source      DF       SS       MS      F      P 

Regression   1   58.340  58.3401  10.59  0.012 

Error        8   44.060   5.5075 

Total        9  102.400 

  

Fitted Line: Acb versus DO 
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Appendix 16: Sample graphs 

Summer envo intra-relationship 
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Regression Analysis: Temp. versus Altitude 

The regression equation is 

Temp. = 66.25 - 0.1354 Altitude 

S = 0.901104   R-Sq = 83.4%   R-Sq (adj) = 81.4% 

Analysis of Variance 

Source      DF       SS       MS      F      P 

Regression   1  32.7291  32.7291  40.31  0.000 

Error        8   6.4959   0.8120 

Total        9  39.2250 

Fitted Line: Temp. Versus Altitude 
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Appendix 17: Sample graphs 

Envo intra-relationship 
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Regression Analysis: DO versus Temp. 

The regression equation is 

DO = 13.77 - 0.3258 Temp. 

S = 0.244978   R-Sq = 89.7%   R-Sq (adj) = 88.4% 

Analysis of Variance 

Source      DF       SS       MS      F      P 

Regression   1  4.16389  4.16389  69.38  0.000 

Error        8  0.48011  0.06001 

Total        9  4.64400 

 

Fitted Line: DO versus Temp. 
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Appendix 18: Sample graphs 

Envo intra-relationship 
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Regression Analysis: Ni versus Altitude 

The regression equation is 

Ni = 3.365 - 0.009111 Altitude 

S = 0.0535588   R-Sq = 86.6%   R-Sq(adj) = 84.9% 

Analysis of Variance 

Source      DF        SS        MS      F      P 

Regression   1  0.148292  0.148292  51.70  0.000 

Error        8  0.022948  0.002869 

Total        9  0.171240 

 

Fitted Line: Ni versus Altitude 
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Appendix 19: Sample graphs 

Envo intra-relationship 
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Regression Analysis: Turbidity versus Zn 

The regression equation is 

Turbidity = 14.00 + 14.05 Zn 

S = 15.0814   R-Sq = 24.1%   R-Sq (adj) = 14.6% 

Analysis of Variance 

Source      DF       SS       MS     F      P 

Regression   1   578.80  578.803  2.54  0.149 

Error        8  1819.60  227.450 

Total        9  2398.40 

 

Fitted Line: Turbidity versus Zn 


