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Abstract

Present paper deals with the impact of coal mining activities on the water quality and fish diversity of Simsang
River from 2009 to 2015. Six sampling sites were selected on the basis of affected and unaffected areas of coal
mining activities. Certain water quality attributes such as water colour, temperature, pH, dissolved oxygen, free CO,,
chloride, total alkalinity, total dissolved solids, nitrate, ammonia, phosphate and sulphate were analysed along with
the assessment of relative abundance of fishes. The estimated value of studied water quality parameters such as
pH, dissolved oxygen and total alkalinity indicates degradation of water quality due to the effect of acid mine drainage
(AMD) of coal mining. Polycyclic aromatic hydrocarbon (PAH) showed highest concentration of 4-ring PAH and
Benzo[alanthracene was the most important pollutant in the water collected from affected sites. Relative abundance
of fish diversity was also estimated less in affected area of the River. A total of 64 fish species under 20 families were
collected with highest number in cyprinidae family. The calculated value of diversity indices reflected the declining

trend of fish diversity in the coal mining affected areas of the river due to degradation of water quality.
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Introduction

Coal mining activities in Garo Hills is posing severe threats to the
aquatic biota of the Simsang River which is the longest river of Garo
Hills, Meghalaya, India. In Garo Hills, two main reason is responsible for
hazards to the biota of the river; firstly coal mine activities drains acid mine
drainage (AMD) directly into the river and secondly dumping of coal for
auction on its bank. As a result of excessive accumulation of AMD due
to open cast coal mines practiced in the region, seasonally some area of
the river devoid of any aquatic organism [1]. Common impact of coal
mine activities include, low dissolved oxygen, higher sulphate content and
turbidity which affect the aquatic life and reduce fish diversity to a great
extent [2]. The primary cause of water quality degradation and the trend
of biodiversity depletion in the water bodies of the coal mining areas is
attributed mainly to the AMD, which makes water extremely acidic and
loaded in heavy metal [3].

Though, there are many works were done on the different aspects
of water and its alarming impact on river ecosystem, but there is
a lack of information on impact of coal mines on a river ecosystem.
Furthermore, it is worth mentioning that, in spite of the fact that
Simsang River of Garo Hills is one of the important tourist marks, yet
this river is under severe pollution threat. It is a matter of great concern
that no systematic study on the coal mine pollution load of the river
or its impact on aquatic species has been carried out so far. Therefore,
the present study has been carried out to investigate the impact of coal
mining on ecology and fishery potential of Simsang River, Meghalaya,
India.

Materials and Methods
Study area

The present study was carried out from 2009 to 2015 in the Simsang
River of Garo Hills District in Meghalaya (Figure 1), India covering an
area of about 290 km? of the entire stretch. Six study sites were selected
on the basis of affected and unaffected areas of the River which are as
follows; near Nokrek Biosphere Reserve (Sl, longitude 90°23/59"E and
latitude 25°31/21"N, free from coal mining activities), near Romagre,

(S,» longitude 90°3421"E and latitude 25°32'41"N, free from coal
mining activities), Williamnagar (S,, longitude 90°39'43"E and latitude
25°27'36"N, coal dumping was found regularly at the bank of the
river), Nangalbibra (S,, longitude 90°44/39"E and latitude 25°28'22"N,
maximum coal mining activities are practiced in the hills of vicinity),
Near Siju (S, longitude 90°4522"E and latitude 25°23'46"N, coal
mining activities are practiced) and Baghmara (S, longitude 90°37'9"E
and latitude 25°12/1"N, transportation of coal through boats were
found regularly).

Sample analysis

Water samples were collected seasonally [4]. Water Samples were
collected randomly with five replicates from all the sites in the first quarter
of every season. Fishes were collected from landing centre (twice a month)
as well as by directly visiting the area where maximum fishing practices
were being carried out. Experimental fishing was also carried out with the
help oflocal fishermen employing cast net and gill net. The collected fishes
were then preserved in 10% formaldehyde and fishes were identified using
standard field guides [5,6].

Temperature (°C), pH, dissolved oxygen (mg L"), free CO, (mg
L") chloride (mg L?), total alkalinity (mg L"), TDS (ppm) and nitrate
(mg L"), phosphate (mg L"), sulphate (mg L") and ammonia (mg L")
were estimated following standard method of [7]; APHA [8]. For PAH
analysis water samples (2.5 L) processing of water sample was done using
liquid-liquid extraction (LLE) as described in APHA [8] and analyzed

*Corresponding author: Dandadhar Sarma, Associate Professor, Department
of Zoology, Gauhati University, Guwahati-781014, Assam, India, Tel: +91 94353
14768; E-mail: sarma_dandadhar@yahoo.com

Received October 21, 2016; Accepted November 26, 2016; Published December
06, 2016

Citation: Talukdar B, Das J, Kalita HK, Basumatary S, Choudhury H, et al.
(2016) Impact of Open Cast Coal Mining on Fish and Fisheries of Simsang River,
Meghalaya, India. J Marine Sci Res Dev 6: 214. doi: 10.4172/2155-9910.1000214

Copyright: © 2016 Talukdar B. This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited.

J Marine Sci Res Dev, an open access journal
ISSN: 2155-9910

Volume 6 - Issue 6 » 1000214



Citation: Talukdar B, Das J, Kalita HK, Basumatary S, Choudhury H, et al. (2016) Impact of Open Cast Coal Mining on Fish and Fisheries of Simsang
River, Meghalaya, India. J Marine Sci Res Dev 6: 214. doi: 10.4172/2155-9910.1000214

Page 2 of 7
MDA
) e T Nl K L i L
Ay
L | " —y el
/ Vi | A e U
N = ] .Mam-bl' —
PR ] Seirany
. / A Nings § A e
| . L
e L Juadlal
\ (
MEGHALAYA Adgii Janag
e . Dhewal thuslign J i
| S Slagn o
bgunerl /
e * ( .\M kplal Nongtyer
.
Sengn [
LE
Polbai - L
- Jhemalgin *].n i
W L Ihl.‘\..ul.“mm
Dt gy Mg 5
Ll Revgelin At ihim
liddakgin <. =i Lepend
. i =
[ N
| I. Makrek biosphere Reserve
1 Hemagre
Y X Willlizm Nagar
bt 4 Magal Bibra
| & Sifu
b Baghmara
o S =N | . Pl
Ty
e—— . B ~okrek Forent
05w '] I i Hiver
il . - ) | District Boundary
L il 1 LAl Ll el vy Ll s
Figure 1: Map showing flow route of Simsang River along with sampling site.

with Gas Chromatograph [9]. Saturated aliphatic hydrocarbons were
eluted with 20 ml of n-hexane and then aromatic hydrocarbons
were eluted with 30 ml of a mixture of hexane and dichloromethane
(90:10) (v/v). The volume of the eluted fraction was reduced to 1 ml
and then the aromatic hydrocarbon fraction was injected into a gas
liquid chromatography equipped with a flam ionization detector (GC/
FID) [10]. Gas Chromatograph analysis was conducted on a fused
silica capillary column of 60 m length, 0.25 mm id and 0.5 um film
thicknesses to detect 16 PAH components. The following PAHs were
used for quantitation: naphthalene acenaphthylene, acenaphthene,
fluorene, phenanthrene, anthracene, fluoranthene, pyrene, chrysene,
benzo [a] anthracene, benzo [b] fluoranthene, benzo [k] fluoranthene,
benzo [a] pyrene, dibenzo [a,h] anthracene, benzo [gh,i] perylene,
Indeno [1,2,3-cd] pyrene. Recoveries were carried out by the addition
of PAHs standards mixture at the three levels of 1, 5 and 10 pg. All
data were corrected according to the recovery percentage values. Ratio
of phenanthrene to anthracene (Ph/An) and fluoranthene to pyrene
(F1/Py) have been widely used to distinguish petrogenic and pyrogenic
(pyrolytic) sources of PAHs [11-13]. PAHs of petrogenic origin are
generally characterized by Ph/An values >10, whereas combustion
processes often result in low Ph/An ratios (<10). For the F1/Py ratios,
values greater than 1 have been used to indicate pyrolytic origins and
values less than 1 are attributed to petrogenic source [14].

Statistical analysis

Mean values and Standard deviation (SD) of the water quality
attributes were calculated using MS Excel computer program.
Correlation matrix for mean values of all the variables was prepared

based on Principal Component analysis. Principal component
analysis (PCA) was carried out for water quality parameters and fish
diversity in different sites using XLSTAT software version 2015.1.02.
Principal Component Analysis (PCA) was calculated to measure the
interrelationships among the water quality parameters and fish diversity
of different sampling sites. The computer program Biodiversity Pro,
Version 2 was used to calculate Shannon index; H’ [15], Berger-Parker
dominance; 1/d [16], Simpson diversity; D [17], Hill's Number; H1
[18] and MacIntosh Distance U [19].

Results and Discussion

Physico-chemical variables were found highly fluctuating in all the
coal mine affected and unaffected areas of the River (Table 1). Water
temperature in all the sites except site 4 is fairly similar and varies
seasonally. It is comparatively higher (22.15 £ 4.7°C) in the site 4,
which is very close to the road side, where transporting and dumping
of coal is carried out regularly. This is probably due to depth differences
among the sites and also it can be related to seasonal pattern of air
temperature in the region [20]. Lowest value of pH was observed in
site 4 (5.03 £ 0.23) comparing with the other sites. Higher pH values
were due to the flow of oxidized SO, from the pyrite in the mining
debris and also as a by-product of secondary reactions involving Fe in
anaerobic conditions [21]. The dissolved oxygen (DO) content in the
affected sites (Site 4 and 5) was very less than the other sites (Site 1, 2,
3 and 6). Low DO concentration in the coal affected sites was probably
due to the consumption of oxygen in oxidation of pyrite, a process that
results in dissolution of certain ions and metals such as SO 4’2, Fe, Mn,
Zn and Ni [22].
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Sampling sites
*Parameters Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Temperature 11.7 3.9 15.725 4.2 16.525 3.8 2215 4.7 15.325 4.8 14.4 4.7
pH 7.6 0.36 7.51 0.23 7.27 0.39 5.03 0.23 4.53 0.83 7.03 0.11

DO 9 0.41 8.8 0.58 8.86 0.59 4.77 0.22 4.75 0.29 6.27 0.43
FCO, 6.2 1.59 6.37 1.84 6.75 2.44 15.75 8.41 19.95 16.12 6.4 2.56
Chloride 4.85 4.25 5.9 3.16 6.77 2.48 6.32 1.15 8.9 2.77 9.15 3.26
TA 18.35 9.43 21.4 8.81 21.22 11 6.3 2.58 5.07 2.62 17.67 12.89
TDS 22 1.83 21 1.41 21.5 1.91 84.75 22.07 145.75 116.86 23.5 1.73
Nitrate 1.45 0.34 1.42 0.17 1.55 0.72 3.8 0.22 3.57 0.43 2.17 0.54
Ammonia 0.01 0.006 0.02 0.009 0.04 0.014 0.07 0.018 0.08 0.016 0.1 0.013
Phosphate 0.035 0.013 0.042 0.009 0.045 0.026 0.202 0.049 0.207 0.015 0.712 0.16
Sulphate 8 1.83 8.52 2.72 8.75 2.36 29.5 14.48 31.75 21.41 3.37 1.25

*All parameters are expressed in mg L' except pH, temperature (°C) and total dissolved solids (ppm), SD-Standard deviation, Min-Minimum.

Table 1: Mean and standard deviation of certain physico-chemical parameters in different study sites of Simsang River, Meghalaya.

The concentration of free CO, ranged from 4.0 to 40.0 mg L
throughout the sampling sites. Highest value of free CO, was estimated
in site 4 and 5. Higher concentration of free CO, may cause potential
damages to aquatic biota ie., elimination of sensitive species and
proliferation of tolerant species, direct acute effects and reduction in
density, biomass and diversity of aquatic organisms etc. [23]. The mean
chloride content of the study sites ranged from 4.8 to 9.1 mg L, which
was found within the permissible limit for aquatic life. The highest
chloride concentration observed in the site 4, 5 and 6 might be due to
higher accumulation of AMD in the areas.

Total alkalinity (TA) of the mining affected sites was relatively
low than that of the control sites. Singh [24] opined that moderate
increase in the level of alkalinity favour increased aquatic biological
activity. Thus, the present findings indicate the stress condition in the
respective study sites of the aquatic animals. Total dissolved solids
(TDS) indicated the presence of different materials both in colloidal
and dissolved solids like Na, K, Ca and Mg in natural water [25]. In the
present study, estimated TDS value ranges from 19 to 320 ppm, lowest
was in site 2 and highest in the site 5. AMD water was characterized by
high concentration (>50 mg/l) of total dissolved metals [26]. Nitrate
generally originated from the explosives used to blast the coal in the
mines. It accounts for about 85% of the total nitrogen released in
mine drainage, while ammonia accounts for the rest. Higher amount
of nitrate in the sites with highest coalmining activities (site 4 and 5)
reveals the same property.

Ammonia is generally present in the aquatic ecosystem as the
dissociated ammonium ion (NH_*). In the present study, ammonium
concentration was in the increasing trend towards the downstream. It
is ranged from 0.01 to 10.0 mg L, lowest was estimated in site 1 and
highest recorded in the site 6. According to Banerjea [27], dissolved
phosphorus below 0.05 ppm may be considered insufficient in
terms of fish productivity. It has also been observed that phosphate
concentration ranged from 0.02 to 0.9 mg L. Sulphate concentration
is recorded higher in the most mining affected sites (Sites 4 and 5).
Maximum 53.0 mg L' and 63 mg L sulphate was observed in site 4
and 5 respectively. The high accumulation of sulphates is mainly due
to presence of iron sulphide in coal and rocks and subsequently its
reaction with water and oxygen [28].

High degree of fluctuation in the water quality attributes has been
observed collected from six sampling sites of Simsang River, Meghalaya.

The correlations calculated amongst the variables (mean values) are
presented through principal component analysis (Figure 2). The first
two axis, account for 83.3% of the original matrix total variance, the
first and second axis account for 70.1% and 13.2% respectively. The
lowest factor loading in the first axis includes dissolved oxygen (DO)
and pH in opposition to chloride, ammonia, temperature and total
dissolved solids (TDS) concentration. Relevant factor loading for the
second axis was highest consisting of phosphate, total alkalinity (TA)
along with fish diversity, which is negatively correlated with nitrate,
free CO, and sulphate.

The correlation coefficient among the different variables also
reflects the similar trend of correlation as presented in Table 2. The
values are considered significant at the level 0.05 (a=0.05). Fish
diversity has showed positive correlation with dissolved oxygen and
total alkalinity and negative correlation with nitrate concentration. pH
has showed positive significant correlation with dissolved oxygen and
total alkalinity and negative correlation with free CO,, sulphate, nitrate
and total dissolved solids (TDS). Dissolved oxygen (DO) has positive
correlation with total alkalinity (TA), while negative correlation with
free CO,, nitrate, total dissolved solids and ammonia. Free CO, has
positive correlation with sulphate, nitrate and total dissolved solids and
negative correlation with total alkalinity. Total alkalinity has significant
negative correlation with sulphate, nitrate and total dissolved solids
(TDS), while chloride has significant positive correlation with
ammonia. Sulphate has significant correlation with nitrate and total
dissolved solids (TDS), while nitrate with only total dissolved solids
(TDS).

The concentrations of the 16 detected PAHs in surface water
of Simsang River are shown on Table 3. In terms of individual PAH
composition in water, most compounds analyzed were detected in site
4. It has been observed that the concentration of low molecular weight
(4-6 ring) polycyclic aromatic hydrocarbons (HPAHs) was maximum
than that high molecular weight (2-3 ring) PAHs (LPAHs). The PAHs
in water samples of site 4 and 5 originate from pyrolytic sources, while
in other sites originate from both of pyrolytic and petrogenic sources
(pyrolytic sources are more dominant). This was consistent with the
results of the Langat River, Peninsular Malaysia [29] might be due to
discharge of AMD in the river at these site.

A total 64 fish species have been collected from six sampling sites,
out of which 30 were inhabitants of hills stream, 31 from plain water and
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Figure 2: Principal Component Analysis (PCA) for mean physico-chemical variables in six sampling sites of Simsang River.
Variables Diversity Temperature pH DO Free CO, :rktjllinity Chloride | Sulphate Nitrate Phosphate TDS Ammonia
Diversity 1 -0.292 0.806 0.854 -0.788 0.897 -0.426 -0.752 -0.850 0.553 -0.772 -0.547
Temperature 1 -0.562  -0.537 0.479 -0.501 -0.023 0.588 0.641 0.252 0.340 0.270
pH 1 0.917 -0.985 0.976 -0.612 -0.956 -0.974 0.054 -0.957 -0.622
DO 1 -0.849 0.915 -0.674 -0.780 -0.962 0.122 -0.816 -0.837
Free CO, 1 -0.962 0.594 0.975 0.928 t-0.067 0.987 0.521
Total alkalinity 1 -0.523 -0.942 -0.974 0.270 -0.930 -0.576
Chloride 1 0.405 0.541 0.277 0.673 0.847
Sulphate 1 0.909 -0.097 0.934 0.367
Nitrate 1 -0.141 0.876 0.674
Phosphate 1 -0.062 0.126
TDS 1 0.532
Ammonia 1

Values in bold are different from 0 with a significance level alpha=0.05.

Table 2: Correlation matrix of all the mean water quality variables in all sampling sites based on Principal Component Analysis (PCA).

3 belongs to both hills and plain dweller species. Photoghraphs of some
of the fishes collected from the river was given in Figure 3. Cyprinidae
was the most abundant family, contributing 13 genera of fish followed
by cobitidae (3 genera) and Sisoridae (3 genera) respectively (Table 4).
Annual catching percentage of all the sampling sites indicates highest
catching of Schistura reticulofasciata (16.02%).

Diversity indices of the fishes collected from Simsang River are
presented in the Table 5. Shannon (H’) index of the collected fishes
indicates maximum fish diversity in the site 3 (H’ 3.455) and lowest

in the site 5 (H’ 1.06). Shannon’s index has a direct relationship with
the species diversity [30], less diversity results minimum Shannon
index value. Present study is also in conformity with the above. Berger-
Parker Dominance (1/d) values which relate the species richness and
abundance [31] were calculated 2.375 to 6.974. It has also follows
similar trend of increase as in Shannon index, highest value calculated
in site 3 and lowest in site 4 (2.44) and 5 (2.375). Simpson’s Index of
Dominance (D) was calculated least in the site 1, 2, 3, 4 and 6, which
might have resulted due to the equal distribution of species belongs to

J Marine Sci Res Dev, an open access journal
ISSN: 2155-9910

Volume 6 - Issue 6 » 1000214



Citation: Talukdar B, Das J, Kalita HK, Basumatary S, Choudhury H, et al. (2016) Impact of Open Cast Coal Mining on Fish and Fisheries of Simsang
River, Meghalaya, India. J Marine Sci Res Dev 6: 214. doi: 10.4172/2155-9910.1000214

Page 5 of 7
Components Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Naphthalene 0.14 £ 0.01 1+041 0.9+0.52 8.8+0.34 2.8+ 0.07 1.54 £0.09
Acenaphthylene 0.02 +0.01 0.88+0.34 0.9+ 0.36 724+ 0.21 2.5+0.04 1+0.21
Acenaphthene 0.05 +0.02 0.81+0.27 0.88 +0.34 7.67 £0.37 29+0.09 1.32£0.02
Fluorene 0.004 +0.12 0.5+0.03 0.46 + 0.01 59045 1.88+£0.13 09+.5
Phenanthrene 0.003 + 0.11 0.5+0.02 0.3+0.12 6.11+ 0.28 24+ 0.03 0.88+ 0.34
Anthracene 0.09 +0.17 1.1 £0.09 092+ .23 8.29+ 0.37 3.1+0.05 1+0.83
Total LPAH 0.28 + 0.57 4.7+0.45 4.35+0.9 44 + 1.78 15.28 + 0.66 6.56 + 0.23
Fluoranthene 0.76 £ 0.13 1.8+0.13 2.17 £ 0.05 19+15 7.8+0.19 24 +0.11
Pyrene 0.53 +0.09 1.6 £0.08 1.77 £0.02 12.33 £ 0.93 6.83+0.17 21+£0.13
Chrysene 0.02 £0.01 0.9+0.38 1.01+0.11 15.8 £1.01 7.69+ 0.21 1.6+0.23
Benzo[a]anthracene 0.02+0.1 1.8+0.6 2.7+ 017 22.78 +1.07 14.9+0.75 1.8+ 0.21
Benzo[b]fluoranthene 0.005 +0.23 0.3+0.01 1.15+0.09 20.3 +1.02 12.5+0.35 1+0.01
Benzo[k]fluoranthene 0.005 + 0.11 0.2+0.03 0.82+0.25 13.9+0.93 8.2+ 0.34 0.9+0.12
Benzo[a]pyrene 0.067 £ 0.13 0.33+£0.11 0.5+ 0.32 17.45+0.89 11.7+£0.23 0.89+0.43
Dibenzola.f| 0.001 + 0.1 0.078 £ 0.04 047 £0.13 19.67 £ 0.97 9.76 £ 0.19 0.82+ 0.32
Benzo[g,h,l]perylene 0.003 £ 0.04 0.018 £ 0.02 0.26 + 0.04 226+1.7 143+ 1.25 0.94 +1.45
Indeno[1,2,3-cd]pyrene 0.001£0.1 0.035 £ 0.01 0.05 +0.03 6.72+0.12 2.57 £0.15 0.6 £0.09
Total HPAH 1.5+0.9 6.33+0.23 12+0.28 170.55 + 23.85 96.25 + 0.33 12.9+2.87
Total 1.7+£0.17 11.1+£0.13 15.8 £0.57 214.58 + 34.98 111.53+0.4 19.5+0.97

(All values are expressed in mean * standard deviation)

Table 3: Concentrations of PAHs (ng L) in surface water of the Simsang River in different sampling sites.

Glyptothorax cavia Lepidocephalichthys guntea Barilius bendelisis

Raiamas bola Schistura reticulofaciata Gagata cenia

Figure 3. Some of the fish species collected from different sites of Simsang River.

Family Fish species Occurrence Annual catching (%)
Cyprinidae Cabdio morar S, 0.36
Barilius barna S, 0.97
Barilius bendelisis S, 8,8, S, 6.97
Barilius vagra S, 3.36
Chagunius chagunio S, 1.27
Laubuca laubuca S, 0.51
Cirrhinus mrigala Ss 2.09
Cirrhinus reba S, 0.05
Danio dangila S, S, S, 1.68
Danio rerio S, S, 1.42
Devario aequipinnatus S, S, S, 3.76
Devario assamensis S, 1.37
Garra annandalei S, S, 0.76
Garra kempi S, S, 8, S 0.31
Garra nasuta S,. S, S, 1.07
Puntius chola S, 0.10
Pethia conchonius S,. S, S 1.83
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Puntius sophore S, S, 8, S 0.71
Puntius terio S.S,, S, 1.37
Raiamas bola S, 0.66
Salmostoma bacaila S, S, 0.31
Tor putitora S, S, S, 0.51
Tor tor S,.S, 8, S, 2.70
Psilorhynchidae Psilorhynchus balitora S.S, S, 1.93
Balitoridae Balitora brucei S.S,. S, 0.10
Nemachilidae Paracanthocobitis botia S, S, S 0.15
Schistura fasciata S,8,8, S 6.00
Schistura inglishi S, 8,8, S, 3.66
Schistura reticulofasciata S, S, S, 16.02
Schistura sijuensis S.,S, S, 0.51
Schistura sikmaiensis S,, S, 0.81
Cobitidae Botia dario S, S 1.02
Cantophrys gongota S, 0.15
Lepidocephalichthys guntea S, 0.46
Bagridae Olyra kempi S,8,8, S, 2.64
Schilbeidae Ailia coila S, S 0.41
Clupisoma garua S, 0.41
Sisoridae Gagata cenia S, 0.05
Gagata gagata S, 0.41
Glyptothorax cavia S, S, S, 0.81
Glyptothorax telchitta S, S, S, 1.63
Sisor rabdophorus S, 0.31
Clariidae Clarias gariepinus S, 0.20
Synbranchidae Monopterus cuchia S, S, 0.51
Gobiidae Glossogobius giuris S, S, 0.41
Glossogobius gutum S, 0.51
Belontidae Trichogaster fasciat S, S, 0.41
Colisa lalia S, 0.25
Xenentodon cancila S, 0.51
Anabantidae Anabas testudineus S, 0.41
Channidae Channa gachua S,,S,, S 0.10
Channa stewartti S, 1.78
Channa punctate S,, S 0.25
Channa striata S, 0.15
Mastacembelidae Macrognathus aral S, 0.10
Macrognathus pancalus S, S 1.22
Mastacembelus armatus S, S, S 2.70
Chandidae Chanda nama S,. S, 0.51
Parambassis ranga S,. S, 0.41
Badidae Badis badis S, S, S, S, 10.17
Nandidae Nandus nandus S, S, 0.41
Chaudhuriidae Chaudhuria khajurial S, 1.53
Tetradontidae Leiodon cutcutia S, 0.25
Table 4: Occurrence and annual catching (%) of fish species in Simsang River.
Index Site-1 Site-2 Site-3 Site-4 Site-5 Site-6
Shannon H' (Log Base 2.718) 2.607 2.932 3.455 1.086 1.06 2.656
Berger-Parker Dominance (1/d) 3.788 4.2 6.974 2.44 2.375 6.39
Simpsons Diversity (D) 0.068 0.049 0.023 0.021 13.211 0.028
Hill's Number H1 62.075 99.074 210.81 6.911 6.659 66.543
Mackintosh Distance (U) 0.337 0.453 0.505 0.773 0.977 1.021

Table 5: Different fish diversity indices in six sampling sites of Simsang River, Meghalaya.

different families while higher (13.211) value was calculated in site 5
where species of few families were recorded. Similar observation was
reported by Mylliemngap and Ramanujam (2011) in the coal Mining
and adjacent non-coal Mining drainages of Jaintia Hills, India. Hill’s
number of abundance (H1) shows the diversity richness of one site,

the value of which increases with the increase of number of species.
Reduction of fish diversity in the site 4 and 5 results less Hill's number
(6.911 and 6.659 respectively) and it increases to maximum in the site 3
(210.81) with highest number of fish species. The Mackintosh distance
(U) index is ranged from minimum 0.337 (site 1) to maximum 1.021
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(site 6). The values (U) indicate that the fish species in the study sites
were not evenly distributed. In conclusion, coal mining activities has a
strong impact on water quality and fish diversity of the Simsang River
as evident from low pH, DO, sulphate concentration and least diversity
indices [32].

Conclusion

Coal mining also has socio-economic impacts. These includes
displacement and unemployment, child labour, accidents, and theft.
In Garo Hills, villagers are mostly the fisherman. Due to discharge of
AMD to the river, fish production has reduced significantly. Decrease
in fish diversity in the river, has resulted in high influxes of migrants
in search of jobs. This, in turn, has resulted in increased changes to
indigenous lifestyle, and increased competition among local residents
for natural resources.

From this investigation it has been observed that some of the areas
of Simsang River in Meghalaya is highly polluted due to AMD of coal
mines and is gradually becoming unsuitable for fish and other aquatic
biota.
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