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Abstract: Present study was conducted in District Jamshoro (11,517 Km2) for the
determination of water quality of amphibian habitations in agricultural ponds for an
extensive period of three years (2011-2013). Investigation comprised of regular surveys
of 18 permanent habitations for the collection of water samples and laboratory analytical
study was also carried out for the evaluation of some main physico-chemical parameters
(pH, EC, TDS, T-Hard, T-Alk, Cl, SO4, PO4, NO2, NO3, K and CO2). Specific scientific
methodology and distinct analytical instrumentation was applied discretely for the study
of each parameter. Results of this study showed that the values of pH and CO2 were
normal; however concentration of all other parameters was very high making entire study
sites highly contaminated and unfavorable for the delicate creatures in question.
Tremendously inauspicious level of studied physico-chemical parameters persisted for
the entire study period with seasonal variation.
Keywords: Amphibian habitats, agricultural ponds, Physico-chemical parameters,
District Jamshoro, Sindh, Pakistan
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INTRODUCTION
Class Amphibia consists of a group of unique vertebrates of about 7000 species of which nearly 32%
population has declined within last two decades 1. It is also reported that about one third of amphibian
species have declined massively, whereas remaining are susceptible to decline fast due to various factors
occurring differently in different parts of the world, but environmental instability is a major ubiquitous
issue faced by amphibians widely 2. For amphibians, the biggest predicament arises when there is large a
number of physical, chemical and biological properties accumulating concurrently into their habitats 2.
Aamphibians are very sensitive creatures as they have semi-permeable skin which remains exposed to
variety of dreadful water pollutants which may affect them very badly especially during breeding season
3
. Rate of susceptibility becomes too high when amphibians undergo metamorphosis during which water
contaminants influence their growth and development and make them prone to mortality as they live in
confinement until fully developed 3, 4.
Amphibian diversity of District Jamshoro is extremely poor embracing only four species i.e.
Hoplobatrachus tigerinus, Euphlyctis cyanophlyctis, Allopa hazarensis and Bufo stomaticus alike other
areas of Sindh province such as Jamshoro and Kashmor 5, however research in other areas of Pakistan has
discovered vast range of anuran species 6-7. Voluminous discoveries have been documented in many parts
of Sindh Province where environmental volatility is well-known to maltreat the amphibian fauna 8-14.
Agricultural ponds which are main occupancies of amphibian fauna rank first at the pollution rate 15.
Contamination contributes to amphibian decline which has become 211 times greater than the past
extinction rate 16. This deterioration of amphibian population is time and again related with a number of
problems which are considered to be the major threat to them. Amphibian developmental unsteadiness is
potentially associated with environmental contaminants which make them susceptible to the variety of
abnormalities and infections 17. Water may appear clean but there are millions of microscopic elements
suspended in it which when increase in high amounts are termed to be the pollutants.
Parameters selected for present study have potential impact over quality of water, therefore they were
analyzed in order to be familiar with survival of amphibian in District Jamshoro. pH is a crucial parameter
for detection of hydrogen ion’s concentration which may be maintained within moderate level as
amphibians are unable to endure it’s too high or too low occurrence that is responsible for basicity or
acidity into water 18. The membranes surrounding amphibian eggs wane due to acidic water, in this
condition eggs undergo mortality even before reaching adulthood 19. It is equally important for water not
to let too much heat to travel across itself and these are the electrolytes responsible for increasing electric
conductivity (EC). Total dissolved solids (TDS) specify cumulative dissolution of all the
inorganic and organic components that may gradually kill eggs by desiccating them 19.
Analysis of total hardness (T-Hard) exhibits concentration of overall divalent salts making water
intolerable for amphibians when increases in large quantity and so occurs in case of high level of
alkalinity as well 20. Both of the above parameters are main factors instigating stress, poor growth and
death of eggs and larvae of amphibian fauna 21, 22. High chloride concentrations in freshwater can
similarly harm the health of amphibians by interfering with their osmoregulation and as a consequence
proper regulation of solutes fails inside bodies of amphibians 21. Stagnant water is mainly contaminated
by the high concentration of non-metallic parameters such as sulphate (SO4) and phosphate (PO4), both
are liable for massive eutrophication into water bodies inhabited by amphibians 21, 22. Eutrophication is a
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major source of algae production which consumes large amount of oxygen and let other aquatic creatures
like amphibians suffer from shortage of this important respiratory gas 21. Nitrogenous parameters such as
nitrite and nitrate are also potential factors interfering with various physiological processes of amphibians,
for instance high concentration of nitrite and nitrate disrupts the thyroid and result the stunted
metamorphosis 23. It is also revealed that the development of amphibians is also influenced by the high
quantity of Potassium 24. Dissolved CO2 can also have a negative impact on the aquatic organisms as its
elevated value creates hypercapnia and may cause various defects into metabolic functions, growth and
reproduction of amphibians 25.
High levels of these elements hinder growth and development and induce physical and physiological
abnormalities and make amphibians susceptible to the predators, parasites and other infectious organisms
26
. Water condition worsens when all the above parameters increase simultaneously, therefore their
regular measure, check and balance is mandatory in order to keep water bodies pollution-free for
amphibians.
EXPERIMENTAL
Present study was carried out from March to October during year 2011, 2012 and 2013. At first, field
surveys were conducted in District Jamshoro for confirming the location of aquatic habitats in agricultural
area where interviews from local community helped in finding their perpetual habitations and altogether
18 locals were marked for present investigation (Figure 1).

Figure 1: Map of District Jamshoro with study sites
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Inch tap was used to measure the size of each pond and meanwhile water depth was also measured using
sechi disc. In order to determine water quality of complete pond at once the gross water samples were
collected and stored in stoppered polyethylene plastic bottles. All the water samples were delivered to
laboratory for the physico-chemical analysis using standard methods and analytical instrumentation as
followed: pH meter of Model Orion, 420 was used to measure hydrogen ion concentration, however
conductivity meter (Orion 115) was used to record level of electric conductivity (EC) and total dissolved
solids (TDS). T-Hard (T-Hard) was analyzed through titration procedure 27, while value of non-metallic
elements such as sulphate, Phosphate, nitrite and nitrate (SO4, PO4, NO2 and NO3 respectively) was
recorded using ultra-violet spectrophotometer (Hitachi 200). Besides application of specific reagents,
specific wavelength of ultraviolet visible light was also applied distinctively through which concentration
of each non-metallic parameter was absorbed. For the analysis of SO4 420 nm wavelength of ultraviolet
visible light was applied, whereas 880 nm was applied for the detection of phosphate concentration. NO2
and NO3 values were analyzed respectively through 540nm and 410nm wavelength 28. Concentration of
potassium (K) was analyzed using atomic absorption spectrophotometer (Model: Perkin Elemer Analyst
800). Status of amphibian habitats was identified via scientifically approved water quality criteria 29-31.
Scientific literature provided favorable range of each physico-chemical parameter as followed: pH value
(6.0-9.0), whereas normal level of EC and TDS lies respectively within 150.0-500.0 μS cm-1 and 50.0250.0 mg L-1 31, 32. Favorable value of T-Hard extends between 75.0-200.0 mg L-1, whereas normal value
of Cl is recommended from 50.0 mg/L to 150.0 mg/L 29, 33. Standard value of SO4 extends within 50.0100.0 mg L-1 33, 34, however 0.03-0.05 mg L-1 quantity of PO4 is suitable for amphibian ponds 35.
Auspicious value of NO2 and NO3 is verified respectively as 1.0-2.0 mg/L 22 and 1.0-2.5 mg/L of NO3 is
verified to be auspicious 22, 29, 36. K is also an important factor that impacts amphibians negatively when
beyond the concentration of 25.0-50.0 mg/L 24, 31, 37, while value of CO2 within 12.0-25.0 mg/L is normal
for the steady survival of amphibians 22.
RESULTS AND DISCUSSION
Size of amphibian ponds extended from 04 to 25 feet, while their depth was 05-10 feet. Water quality of
these amphibian habitats consisted of distinct values of all the physico-chemical parameters each year as
explicated by the average value and standard deviation (Table 1), measuring unit of per parameter is also
specified.
Entire study of three years prominently indicated normal range of pH i.e. 6.5-9.4. It was the only
parameter found within auspicious limit for most of the time except June and July of each year of present
investigation. Value of EC (electric conductivity) remained all the time extremely high ranging from
945.8 μS cm-1 to 5130.0 μS cm-1 and so was the position of TDS (total dissolved solids) that was recorded
from 580.6 mg L-1 to 3437.1 mg L-1. Maximum quantity of both parameters was noted in July; however
their minimum value was recorded in October each year. Range of T-Hard (130.0-950.9 mg L-1), T-Alk
(145.5-537.0 mg L-1) and Cl (177.5-685.15 mg L-1) was also exceptionally high into all amphibian ponds
during entire study period. Concentration of SO 4 stuck from 200.0 mg L-1 to 800.0 mg L-1, meantime PO4
enormousness was recorded between 150.8 mg L-1 to 800.0 mg L-1. Quantity of NO2 (0.1-14.6 mg L-1),
NO3 (1.0-15.75 mg L-1) and K (46.8-105.7 mg L-1) was also concentrated copiously, although level of
CO2 was moderate as it was noted as 12.0 mg L-1 to 26.0 mg L-1.
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It was distinguished that the monthly value of pH, EC, TDS, T-Hard, T-Alk, Cl, SO4, PO4, NO2, NO3 and
K was maximum in July and minimum in October except CO2 that exhibited antagonistic fluctuation in its
monthly values (its upmost value was recorded in October, while down most value was recorded in July).
Monthly values of physico-chemical parameters varied in comparable manner each year. On the basis of
three years extensive study in District Jamshoro, it was obvious that pollution rate was higher into
amphibian locals during the year-2012, while comparative analysis indicated utmost pollution at

study sites S13-S18, wherein habitats S1-S6 least contamination was recorded (Figure 1).
Table 2: Value of parameters in amphibian habitats at District Jamshoro
Parameters
pH
EC μS cm-1
TDS mg L-1
T-Hard mg L-1
T-Alk mg L-1
Cl mg L-1
SO4 mg L-1
PO4 mg L-1
NO2 mg L-1
NO3 mg L-1
CO2 mg L-1
K mg L-1

Year-2011
7.9±0.6
2456.1±1111.3
1624.3±724.2
386.7±180.4
330.8±80.8
349.6±124.1
432.5±149.4
400.5±136.7
3.0±2.7
6.0±3.5
18.0±3.5
69.1±10.5

Year-2012
8.1±0.6
2510.8±1087.0
1662.5±668.4
417.7±167.4
351.0±67.8
359.4±93.8
455.3±129.8
417.5±94.0
4.1±2.6
7.1±3.4
18.1±3.5
72.6±10.5

Year-2013
8.1±0.6
2449.2±1045.1
1640.0±656.3
411.8±169.0
329.2±61.4
344.4±93.8
438.0±112.5
378.2±92.2
4.1±2.5
5.9±3.0
18.2±3.6
71.6±9.6

Physico-chemical analysis of 18 amphibian habitats in District Jamshoro revealed dreadful status
overwhelming for three year study period (Table 1). pH and CO2 values (8.1±0.6 and 18.1±3.5
respectively) were normal in whole District Jamshoro but the concentration of others including EC
(2472.0±1079.3), TDS (1642.4±682.0), T-Hard (405.4±172.5), T-Alk (337.0±71.0), Cl (351.1±104.8),
SO4 (441.9±131.5), PO4 (398.8±110.5) and K (71.1±10.3) was extremely high above the suitable criteria.
Concentration of NO2 (3.7±2.6) and NO3 (6.3±3.4) was highly variable, ranging from satisfactorily low
(for diminutive period of time) to disparagingly high existing for most of the time.
Present study showed the range of pH approximately same in two consecutive years i.e. 2012 and 2013
exhibiting values as followed 6.5-9.2 mg/L and 6.5-9.4 mg/L respectively; however its lowest level i.e.
6.7-9.0 mg/L was recorded from March-October in year-2011. This slight escalation may not be
influential as that persisted very briefly. Value of EC was all the time higher in whole study area
especially during the year-2012 when it extended from 1009.5 uS/cm to 4730.8 uS/cm, though it did not
vary significantly in years 2011 and 2013 but during year-2013 it’s comparatively lowest range (1000.04577.5 uS/cm) was noted. Overall level of TDS was determined highest during year-2012 when its 700.0
mg/L - 3250.7 mg/L range was verified, wherein year-2011 this parameter persisted in comparatively low
range (580.6-3437.1 mg/L). Values of EC and TDS were found interdependent and in fact it is the
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concentration of TDS that makes water conduct heat (measured by EC). Total hardness also remained out
of auspicious limit, but it was the year-2012 when the concentration of this parameter surpassed very
highly (200.0 to 950.9 mg/L); however in year-2011 its value remained diminished to the level of 130.0920.0 mg/L which is slightly low but still unfavorable for any of the anuran species existing in study area.
Concentration of SO4 was indeed unavoidable as it prevailed from 250.0 to 800.0 mg/L and PO4 level
varied between 180.9-650.7 mg/L. Both SO4 and PO4 were concentrated very high during year-2012. The
lowest value of SO4 (200.0-780.8 mg/L) was recorded in 2011 and in year-2013 its concentration was
noted as 237.2-685.5 mg/L, while lowest value of p PO4 was evaluated within 159.4-566.5 mg/L in year2013. It is very important to note that the both parameters increased tremendously high concomitantly
into all amphibian habitats where they persistently troubled the amphibians especially during their
breeding season.
Range of NO2 did not exhibit major variation in its value from year 2011-2013 recorded as 0.1-14.6 mg/L
(year 2011), 0.2-11.9 mg/L (year 2012) and 0.5-11.1 mg/L (year 2013) and so was the range of NO3 (1.315.8 mg/L in year-2011, 1.8-14.0 mg/L in year-2012 and 1.0-12.8 mg/L in year-2013). Even little amount
of NO2 and NO3 is very hazardous for amphibian eggs and larvae and it was prominent that their value
remained pejorative for the most of the time. Value of NO2 and NO3 fluctuated greatly and varied from
normal to high quantity. NO2 started ranging from 0.1 mg L-1 (normal) to 14.6 mg L-1 (high), whereas
concentration of NO3 was recorded to persist between 1.0 mg L-1 (normal) to 15.75 mg L-1 (high). Both
parameters retained their normality for short time and persisted high for the most of the study period.
Therefore significantly higher concentration of these parameters may definitely be harmful to amphibians
of the study area. Concentration of K was highest in year 2011 ((50.0-105.7 mg/L), while in year 2013 its
lowest range (46.8-95.0 mg/L) was still indeed harmful for amphibian fauna. Range of CO2 was exactly
similar with difference of only 0.5 mg/L in year 2011 (12.0-25.0 mg/L) and 2013 (12.0-25.5 mg/L) and
not too much of it persevered even in year 2012 (12.0-26.0 mg/L).
Variation in values of parameters suggested uneven level of dissolved substances available for
amphibians during different seasons and even years. Extreme upsurge in concentration of all the factors
during breeding and hatching time (March to August) may cause noteworthy impact on development of
eggs and even larvae which are exclusively aquatic with transparent skin and are bond to respire utterly
through the water of their habitat. Thus the condition of all amphibian habitations was severely polluted.
Herein these area amphibian populations may fail to interact and interconnect successfully with their daily
ecological tasks as these creatures are considered as “environmental sponges” which absorb toxins of
their habitats (especially aquatic) through their semi-permeable skin. Therefore at all stages of their life
cycle, amphibians remain extremely vulnerable to toxins and acidity of their ambient.
CONCLUSION
Massive concentration of major physico-chemical parameters in all amphibian ponds indicated
deleterious environmental conditions of whole District Jamshoro for the amphibian fauna. Monthly
variations in water quality were prominent, whereas yearly variations were insignificant. High rate of
pollutants especially from March to September shows alarming threat to eggs and larvae of amphibian
fauna as their breeding season fall usually during that period. High level of studied parameters in
agricultural ponds implied that there is an urgent need of conservation actions for saving amphibians.
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