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Abstract: Thermal fluctuations or noise assisted particle dynamics in a driven
underdamped inhomogeneous petiodic potential system is studied. This forms an
archetypal model to study different Physical and Biological processes in the microscopic
domain. The particles are shown to exhibit directed transport aided by these fluctuations
without the application of any external bias. This phenomenon, also known as ratchet
effect, is a counterintuitive phenomenon in which systems in the microscopic domain
harnesses the energy of the random fluctuations to do constructive work. Also in the
presence of random thermal fluctuations or noise, the particles undergo diffusion, the
amount of which can be controlled by controlling the different parameters of the system.
This can have important technological applications,

Keywords: Ratchet effect, Particle Diffusion, Inhomogeneous systems

1. INTRODUCTION

Any system at a finite temperature
experiences minute and random fluctuations
in temperature. The energy scales of these
fluctuations are negligible in the macroscopic
domain. However, in the microscopic domain,
they are comparable to the energy scales of
the system and play a dominant role in the
system dynamics. Though conventionally
considered to be unwanted, many systems
and processes have been discovered where
these fluctuations play a counter- intuitively
constructive role, Stochastic Resonance [1 -
2], Noise - induced stability of states [3],
Resonant activation [4], Noise - induced
transitions [5], energy transport [6],
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intracellular transport [7], ratchet effect [8]
etc. are afew such phenomena.

Noise assisted particle dynamics in
periodic potential systems forms an
archetypal model in explaining many
different Physical and Biological phenomena.
Ratchet effect [8] is one such phenomenon in
which the system harnesses energy out of the
random fluctuations. In the presence of an
inherent asymmetry in the system, when
driven out of equilibrium, the particles
undergo a directed transport, without the
application of any obvious external bias. This
phenomenon of ratchet effect forms the key to
understanding processes like intracellular
transport and molecular motors [9], ad-atom
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motion on the surface of crystals [10], super-
ionic conductors [11], cancer cell metastasis
[12], transport of ions through Nano-pores
[13], the motion of vortices in
superconductors [14] etc. Though initial
interest in the study of ratchets was to
understand the working of naturally
occurring molecular motors [9], presently the
study of ratchets have diversified to different
other fields [10, 11, 14]. This also is inspired
by the possibility of controlling and
fabricating Nanodevices which can have
tremendous technological applications [8].

Diffusion of Brownian particles in
periodic potentials has been a vibrant topic of
current research both in theory [16 - 19] and
experiments [20 - 23]. Almost all particles in
finite temperature systems experience
diffusive behaviour. The possibility of
controlling this diffusion by controlling the
parameters of the system hints at the
possibility of technological applications. For
example, diffusion plays a major role in
shaping the behaviour of different processes
and systems including bio-related fields,
energy conversion and storage (fuel and solar
cells), separation membranes, and
microfluidics [15 and references therein].
Surface diffusion also is found to play a major
role in varied fields like microelectronics,
catalysis, biophysics etc. A recent work found
that the diffusion of Brownian particles in a
periodic potential system with broken
symmetry shows a non-monotonic dependence
ontemperature [24].

The present work is aimed at studying
ratchet effect and diffusion of particles in a
model under-damped inhomogeneous
periodic potential system. Particle dynamics
in such inhomogeneous system forms an
important field of study, as many analogies

© 2020, St. Anthony's College, Shillong

are there in natural systems. This
inhomogeneity could be structural,
configurational, entropic, temperature-
driven non-uniformities, etc. Qur model
considers inhomogeneity due to a space-
dependent friction coefficient. In nature,
there are innumerable examples of such
inhomogeneous systems having space-
dependent friction. For example, motor
proteins moving along the periodic
structures of microtubules [25], particles
undergoing surface diffusion [26], in
Josephson junctions, periodically varying
frictional coefficients correspond to the term
present in interference between the quasi-
particle tunnelling and the Cooper pair
tunnelling [27], ad-atom motion on the
surface of a crystal ofidentical atoms etc. [28].

Particle transport in such inhomogeneous
systems, driven away from equilibrium,
therefore, has been an active field of research
for the past few decades [29 - 48]. In these
systems, the particles experience a non-
uniform diffusion which may either be due to
a space-dependent temperature [29-31] or
due to a space-dependent friction [32-48].
Though over-damped approximation is valid
for many systems, the various aspects of
which have been reported in existing
literature [32 - 35], inertial effects too, play
an important role in many other systems [36—
48].

Particles moving in a tilted under-
damped periodic potential system were
shown to exhibit an enhancement in mobility
when there is a periodic modulation of the
constant tilt [36]. Also in a similar model
system, the particle current was found to be
dependent on the various system parameters
[37, 38]. When driven with a square drive, the
system also shows dispersion-less particle
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motion at intermediate time regimes [39,
40]. The duration of this regime can be
controlled by controlling the different
parameters of the system. This result can
have important technological implications;
for even under the influence of fluctuations
particles undergo dispersionless motion. In
the deterministic limit, the same system
shows particle current with associated
multiple currentreversals [41]. The nature of
the particle dynamics is sensitively
dependent on the initial conditions of the
system. The ratchet current and the
efficiency of transport in this model system
can be optimised by optimising the system
parameters [42]. Also, the role of damping
on the occurrence of Stochastic Resonance in
an under-damped inhomogeneous periodic
potential was studied [45].

Inarecentwork [48], the particle current
and the quality of transport obtained in the
model under-damped inhomogeneous
ratchet [43 — 47] was compared to that of the
more common ratchet model with an
asymmetric potential [8]. A new model
combining essential features of both these
models was proposed which showed higher
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efficiency of transport.

The particle diffusion in an underdamped
periodic potential is characterised by the
diffusion coefficient. The dependence of the
diffusion coefficient on the system
parameters has been of interest, particularly,
the non-monotonic dependence on the
system temperature [50]. In this very recent
work, this counterintuitive behaviour is
explained based on the velocity dynamics.

In the present work, we will try to further
study the phenomenon of ratchet effect and
particle diffusion in the model underdamped
inhomogeneous periodic potential system

2.THEMODEL

We study the motion of a particle in a
periodic sinusoidal potential of the form
V(x)=-V_0 (Sin(kx)+bSin{2kx)The parameter
¥(x)=y_0 (1-ASin(kx+¢) ) of the system is
periodic with the same periodicity as the
potential and space-dependent, making the
system inhomogeneous. The parameter A
determines the degree of inhomogeneity in
the system.

o4

o4

L]

Figure 1: Plot of the potential li(x (with and without asymmetry))
and the friction coefficient y(x) with a phase difference of
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Fig. 1 shows the plot of the potential V(x)
(with and without asymmetry) and the
space-dependent periodic friction
coefficienty(x)

An external periodic forcing F(t)=Fq
Cos(wt+dy) drives the system out of
equilibrium. The net external forcing
however, averages out to zero over a period
of drive, making the system unbiased. There
is a critical value of amplitude, Fp=1 atwhich
the barrier to the particle motion in the
periodic potential wells vanishes. So the
value of Fy, is always keptless than one so that
there is always a finite barrier to the particle
motion. Any motion of the particle out of the
wells, therefore, is a result of the random
fluctuations acting on them which arises due
to the finite temperature of the system.

The particle motion in such a system can
be described by the one dimensional
Langevin's equation. For a particle of mass
‘m’ moving in one dimension, the Langevin's
equation can be written as

8

94 R+ JYOTER) (1)

a?x dx
m—z = —y(x}g -

In the above equation, T is the
temperature of the system which isin units of
the Boltzmann constant k, §(t) represents
the random fluctuations due to the finite
temperature T and are Gaussian distributed.
So they obey the statistics: (§(t)}=0,
(E(DE())=20(t-t") . To make the equation
simpler to solve numerically and also to
make it dimensionless, the parameters
(m,Vy, k are set equal to 1. With this choice of
parameters, the dimensionless form of the
equation can be written as

aly

L2 = —y ()2 + cos(x) + 2beos2x + F(1) + y(OTE(t) (2)

In the dimensionless form too, the
random variable {(t) obeys the same

© 2020, St. Anthony's College, Shillong

statistics.

The symmetry of the system needs to be
broken for obtaining finite particle current.
This can be achieved in this model in two
ways: due to inhomogeneity (A #0, where
n=0, 1, 2..) and due to an asymmetric
potential and due to an asymmetric potential
b#0 Inthiswork, we introduce asymmetryin
the system by using either of these
frameworks oracombination ofboth.

The occurrence of net directed transport of
the particles can be understood physically as
follows. The particles trapped at the bottom
of the potential well are kicked around by the
thermal fluctuations. However, because of
the space-dependent friction coefficient, the
average friction on the right slope of the
potential well is higher compared to the left
slope. As a result, the particles will have
more probability of escaping in the left
direction from a potential well compared to
the right leading to a net directed transport.
Alternatively, the presence of higher friction
means that the particle spends more time on
an average on the right slope absorbing more
energy from the fluctuations. So the
probability of them escaping in the right
direction will be more. Being a stochastic
process, the final direction of the particle is
probabilistic in nature and is determined by
a competition between these two processes.
Further, the inclusion of an asymmetry in the
potential will add to the asymmetry in the
probability of particle escape in either
direction leading to higher current.

3. NUMERICAL RESULTS

The stochastic dynamics of the particle in
the potential is described using the
Langevin's equation as mentioned in the
previous section. This equation is solved
numerically using the Heun's Method [49],
which is a second-order method to solve
stochastic differential equations. The

4
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particle is allowed to evolve over time from a
given set of initial conditions i.e position and
velocity (x(0), v(0)) and its trajectory is
mapped over a long time to the order of (t
~10)® The dynamics of the particle is
sensitively dependent on the initial
conditions of the problem. So the initial
conditions are chosen randomly from a
Gaussian distributed set. The different runs
ofthe particle with different initial conditions
constitute an ensemble of trajectories. The
average velocity of the particle is defined by
the equation

where (......)

represents averaging over ensembles and the
limit t—oc represents averaging over time.

Also the diffusion coefficient of the
particle is given by the equation

D=(({x* (t)>*)/2-<t

For physically relevant results, both
ensemble averaging (over 50 ensembles) and

ISSN: 2349 2937

timeaveraging (t~10%)isdone.

Fig. 2 isa plotofthe trajectory of a particle
for the parameters specified for two different
temperatures. As can be clearly seen, the
particles clearly exhibit two kinds of motion -
the locked state and the running state. In the
locked state, the particles get trapped in a
potential well and are kicked around within
the well by the random fluctuations, and the
running state when the particle shows
extended periods of motion cover the
potential profile, without getting locked. The
particle therefore during its motion, gets
trapped in a well of the potential, remains
there for some time, only to be kicked out of
the well due to the thermal fluctuations.
These motions are indeed due to the
fluctuations, as in the absence of these
fluctuations the particles would have
remained trapped in a single well of the
potential. If the temperature is very less the
particles won't be able to overcome the
finite barrier and will remain trapped in a
single well. Apparently, with higher
system temperature, there is more
probability of the particles moving out of

3000 T T T T

2500

x(1)

~2000 i L I

i

I L

i i 1
0 10000 20000 30000 40000 50000 GO000 TOOOO0  BOO00  G0000 100000

Figure 2: Plot of particle trajectories for T = 0.2, and 0.5; x(0)=-1.57, v(0) = 0,
¥0=0.20,A=0.9 $=0.35
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the wells. Hence the duration of the
particles being in the locked state reduces

drastically as can be seen from the figure.
When the system is driven away from

T T
b= —
=10 -+
0.012 + 1
*
0.008 + 4
¥ -
=% +
-
-3
-
* +
0.004 + ¥ 1
-
A
!
0 Dsisde’ e - 4
* e 2 - + - e
% - e
'-I "l."-' -
Y/
% 1 L
] 2 4 6

Figure 3: Plot of average particle velocity V_avg versus temperature for two different values
of b; Fp 0.2, 7, =0.1220.9, = 0.35

equilibrium, the particles show a net
directed transport characterized by the
average particle velocity V,,, Fig. 3 shows the
plotofV, in our model system as a function
of temperature for the values of the
parameters as shown. It is seen that even
with a symmetric potential (b=0), the
system exhibits particle current. This is due
to the space dependent friction coefficient
in the system which makes the system
inhomogeneous. Along with the phase
difference with the potential, the symmetry
of the system is broken. The cause of
asymmetry however being feeble, the
velocity is undoubtedly less. Addition of a
small asymmetry in the potential (b=1.0)
enhances the average velocity of the
particles to a great extent as can be clearly
seen in the figure. The asymmetry in the
potential makes the particle distribution

© 2020, St. Anthony's College, Shillong

about the bottom of the potential well
further skewed, on top of that due to the
inhomogeneity.

The plot for =0 clearly shows a current
reversal at T~0.25. This holds important
implications to particle separation
techniques where different particles move in
different directions in a system as a function
of the system parameters [51]. Another
interesting observation is that for the plot of
b=1.0, the plotof V,,, vs Tshows apeakingat
an optimal value of temperature. This is
because, at lower temperatures, the energy
gained by the particles from the fluctuations
is less. So lesser number of particles can
escape from the well leading to lesser
average velocity. As temperature increases,
more and more particles escape from the
well leading to higher average velocity.

6
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However, at very high temperatures, the
effect of asymmetry leading to directed
transport gets nullified by the higher
amplitude fluctuations. So at an optimal
temperature, the average velocity is maximum

014
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showing a resonance like behaviour.
Importantly the addition of an asymmetry in
the underlying potential is shown to enhance
the particletransportto a greatextent.

0‘2,_...__..‘.4»... B T
]

O e i i e e i e e e i s

va‘.'q

004 -
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+
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-
.= =
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B=10 -4
b=005 4

15 2 25

Figure 4: Plot of V,,, vs Temperature T for F¢=0.2 (b=0 and b=1.0) and F,= 0.4; y,=0.12,
20.9, » =0.35

Proper tuning of the system parameters
can optimize the performance of this model
ratchet leading to higher efficiency of
transport. Fig. 4 shows that change of F¢ from
0.2 in the plot of Fig. 3 to 0.4, increases V,,, by
more than 10times.

As the particle evolves, the particles
undergo diffusion which is characterised hy
the diffusion coefficient D. The diffusion
experienced by the particles and the
diffusion coefficient is critically dependent
on the parameters of the system. Fig. 5 shows
a plot of the diffusion experienced by the

© 2020, St. Anthony's College, Shillong

particles corresponding to the average
velocity of the particles plotted in Fig. 4. The
diffusion of the particles is found to vary with
the parameters of the system like the
amplitude of drive Fy, inherent asymmetry
in the potential b and the temperature T This
hints to controlling the diffusive behaviour of
the particles in the model system by
optimizing the system parameters.

4. DISCUSSION AND CONCLUSION

Particle dynamics in a model
inhomogeneous periodic potential system has

7
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been studied in this work. Most of the earlier phase difference with the potential. In this
works reported in existing literature have work, we have combined both these causes of
either used an asymmetric potential or an asymmetryand have beenable to enhance the
inhomogeneous friction coefficient with a degree oftransportofthe particles.

Figure 5: Plot of particle Diffusion (D) vs Temperature T;, y_0=0.12, A=0.9, ¢ = 0.35

The particles undergo diffusion due to the REFERENCE

random fluctuations in the system. We show
that the degree of diffusion of the particles and
their transport can be controlled by
controlling the different parameters of the
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applications in the field of particle separation
techniques, drug delivery mechanisms,
surface film technologies etc. as has been
discussed in earlier sections. The parameter
regime being vast, finalising an optimal
numerical model with directly transferable
technological possibilities is an open-ended
problem. The present waork is an addition to
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research in this field, putting forward another
aspectto the multitudes of possibilities.
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Abstract: Cyprinid fishes of Meghalaya were investigated from twin drainage basins
Brahmaputra and Barak-Surma-Meghna. 27 cyprinid fishes under 14 genusand 7 sub
families were recorded from rivers and reserveirs of four different gradient zones.
The diversity of Cyprinid fishes was highest with 49% representation of Cyprinids at
lower elevation Zone IV below 500 m above MSL and bic diversity indices estimated
as H: 3.05, 1-D: 0.10. In contrary lowest diversity with 7% representation of fishes
was observed at elevation 1501 to 2000 m above MSL in Zone I with bio diversity
indices H: 0.25, 1-D: 0.57. Distribution of commercially important cyprinids under
genus Labeo, Systomus and Cirrhinus were found to be restricted to rivers of Barak-
Surma-Meghna drainage basin. Catch percentage of cyprinids indicates that 70% of
fishes exhibit occasional occurrence and 30% as common occurrence. High
percentage of occasional occurrence, low catch composition percentage and with
restricted distribution of commercially important fishes to only certain rivers of
Barak-Surma-Meghna drainage is an indication of depletion of cyprinid resources in
the state and requires taking multi prong conservation measures to protect cyprinid

fishesin Meghalaya.

Keywords: Cyprinids, elevation, drainage basin, Meghalaya

1.INTRODUCTION

Cyprinids are primary freshwater
fishes and have major economic impor-
tance in world fisheries belong to order
Cypriniformes and sub order Cyprinoidei.
Cyprinids are most widely exploited fresh
water fishes in the world either by fishing
and farming [1, 3]. Hamilton, 1822 [7]
described cyprinids under genus Cyprinus,
with the typical features of the body are
one back fin, which has rays, but both this
and the pectoral fins are unarmed; with no
teeth in either jaw; with the edge of the
visceral cavity blunt. McClelland, 1939 [12]

© 2020, St. Anthony's College, Shillong

portrayed on Cyprinids in India and classi-
fied family Cyprinidae into three sub families
namely Paenominae (herbivorous Cyprins),
Sarcoborinae (Carnivorous Cyprins) and
Apalopterinae (Loaches). Beavan,1877 [2]
termed fishes under family Cyprinidae as
'Carp family’ and opined that large number
of fishes of India belong to this family and
being confined to fresh waters. A total 1000
cyprinids species are reported from Asia and
approximately 265 (27%) number of species
described from India, which are exclusively
confined to fresh water [9]. In total of 177
Cyprinid species belonging to 2 families, 4
subfamilies and 27 genera are reported from

13



Nath & Kharbuli: Cyprinid Fishes: An Overview ........ in Meghalaya, India

the inland waters of India. Jhingran er al
(1988), out of the 177 species 43 species are
considered of great economicimportance and
grouped into three categories, major (500 mm
and above), medium (250 mm-450mm) and
small-size species with size 250mm [8]. Lakra
etal 2010 [10] reported 120 fish species from
India under threatened category and of which
55 species are cyprinoids. Family Cyprinidae
under order Cypriniformes divided into
eleven subfamilies: Acheilognathinae, Bar-
binae, Cyprininae, Danioninae, Gobioninae,
Leptobarbinae, Leuciscinae, Paedocypridi-
nae, Sundadanioninae, Tincinae, and Xeno-
cypridinae [25]. In recent time Danioninae
up graded to family Danionidae under the
sub order Cyprinoidei and divided into sub
family Chedrinae, Rasborinae, Danioninae
and Esominae [29].

Meghalaya is a hilly state located in North
eastern region of India and situated in
between 25°02'N - 26°06’ N latitudeand 89°
48'E to 92°52/E longitude. Rivers in the state
either drained to Barak-Surma-Meghna in
the south neighbouring country Bangladesh
and Brahmaputra in the north adjoining
state Assam of India. The drainage pattern of
Meghalaya gives a worthwhile field for
ichthyo faunal investigations particularly
cyprinid resources. Meghalaya is one of the
richest in fish genetic resources in India
harbouring with approximately 165 fish
species which are distributed at different
gradient zones in different aquatic eco-
systems of the state [19, 20]. A perusal of
literature indicates that Cyprinid fishes are
dominant group in Meghalaya representing
41 % in Khasi Hills and 40% in Garo hills [15,
27,15). Ramanujam etal 2010 [17] recorded
68 fish species belonging to 45 genera, 20
families and 6 orders reported from
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Meghalaya where Cyprinidae was the most
dominant group. Though Cyprinid represent
economically important fishes but study on
this group of fishes in Meghalaya is meagre.
There are many problems confronting by the
riverine fisheries including cyprinid fishes
such as habitat destruction, polluting
streams and rivers by sewage, detergents,
Acid Mines Drainage (AMD). Use of toxic
chemicals and herbal poison for large scale
harvesting of fishes are responsible of fast
declining of fish population in the state [5,
10, 12]. The main aim of the present study
was to assess status of cyprinid fishes in
Meghalaya in terms of their altitude wise
diversity, distribution and catch composition
percentage which will help to formulate
conservation planning for these native fish
resources.

2. MATERIALS AND METHODS

During the study period, field visits were
conducted to collect fish samples from four
different gradient zones of the selected
rivers and reservoirs namely Myntang,
Umiurem, Umiam, Nongmahir reservoir
{(Umtru) of Brahmaputra basins and Umngot,
Umngi, Amlayee and Kynshi rivers of Barak-
Surma-Meghna. The four gradient zones
with their altitudinal coverage are: Zone [
{2000-1501 m), Zone II (1500 - 1001 m
MSL), Zone I1I (1000- 500 m MSL) and zone
IV (below 500 m MSL) as described by Sen,
1984 [19]. Total twelve sites were selected
for collecting fishes considering accessibility
to the site and altitudinal coverage. Global
Positioning System (Garmin etrex 30) was
used to find out altitudes and co-ordinates of
different locations. Biodiversity index
estimated as per methods given by Shannon
etal1949 [24] and Simpson 1949 (23). Catch
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percentage and rank of species was
determined for each species determined
following Rouxetal2015 [18].

3. RESULTS

In total 27 cyprinid species represented
by 14 genus and 8 sub families were recorded
within altitudinal range 1491 m to 18m above
mean sea level (MSL). The Cyprinids catch
mainly comprised of fish groups Trout barb
(Barilius bendelisis, Salmostoma bacaila),
Danionids (Danio dangila, Danio rerio,
Devario aequipinnatus, Devario devario, and
Laubuka laubuca), Labeonines (Garra
gotyla, Garra lamta, Garra lissorynchus,
Garra nasuta), Carp (Cirrhinus reba,
Neolissochilus hexagonolepis, Labeo angra,
Labeo bata, Labeo calbasu, Labeo dyocheilus,
Labeo gonius, Systomus sarana, Tor putitora,
Tor tor, small barb(Pethia conchonius, Pethia
shalynius, Pethia ticto, Puntius sophore,
Rasborines (Rasbora daniconius) and flying
barb (Esemus danrica), The altitudinal
distribution of the species revealed that
Cyprinids such as Neolissochilus
hexagonolepis, Pethia shalynius, Danio rerio
showed widest distribution pattern from
zone 1 to Zone IV but species Cirrhinus reba,
Labeo bata, Labeo calbasu, Labeo dyocheilus,
Labeo gonius, , Systomus sarana, Tor tor, Tor
putitora showed restricted distribution at
low altitude in zone IV and recorded only in
Umngot river of Barak-Surma-Meghna
drainage basin. Fishes under the genus Garra
commonly known as sucker head was
restricted within the altitudinal range 1500
m - below 500 m above MSL at Zone Il to Zone
IV. The altitudinal diversity analysis based on
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the diversity index gives more insight to
distribution pattern of cyprinid species.
Shannon- Weiner Index and Simpson
diversity index were estimated minimum i.e.
H=0.25, 1-D = 0.57 at altitude 2000-1501 m
above MSL in zone | and maximum with H =
3.05,1-D=0.10 at below 500 m above MSLin
zone IV. Diversity and evenness of cyprinid
species (EH) has shown increasing trend
from zone I to zone IV ie. 0.04 to 0.48 but
Dominance of species (D) has decreased from
0.43 to 0.10 in zone [ to zone IV respectively
(Table 3). Percentage of catch composition of
Danionids indicates that species D rerio has
the highest catch percentage 19.0% followed
by Devario aequipinnatus (15.5%), Danio
dangila(8.5%), Devario devario (0.5%) and
Laubuka laubuca (0.3%). Cyprinids of
economic importance showed low catch
percentage such as L calbasu (0.5%), L
dyocheilus (0.3%), L angra (0.3%), Tor tor
(0.3%), Tor putitora (0.3%) C reba (1.5%),
and except species N hexagonolepis (10.8 %),
L gonius (6.2%), S sarana (7.7%)and L bata
(3.1%). Barbs are comprised of two genus
namely Pethia and Puntius represented by
fishes Pethia shalynius, Pethia ticto, Pethia
conchonius, Puntius sophore with catch
percentage 9.3%, 0,3%, 0.5% and 7.7%
respectively. Fishes under genus garra are
true hill stream fishes comprised of four
species namely Garra gotyla, G nasute, G
lissorynchus and G lamta with low catch
percentage within range 0.5% - 2.3%. Fishes
like B bendelisis, R daniconius, E danrica and §
bacaila has also exhibited low catch percent-
age.
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TABLE 1: Water bodies and location of survey sites

Water bodies Name of the location Coordinates Aldtude (m) Basin
Above MSL

River Umngot  Lwang N 25°31/48.247/ 1188 m Barak-Surma-

E 92°03/09// Meghna
Dawki N 25°11/25.6// 45 m Barak-Surma-

E 92°01/07.5// Meghna

River Umngi Lawblei N 25°24/25.6/ 1100 Barak-Surma-
E 91° 33/20// Meghna

Balat N 25°11/ 84/ 18 m Barak-Surma-

E91° 22/58¢ Meghna

Kynshi Kynshi village N 25953/94// 1491 m Barak-Surma-
E 91°60/75// Meghna

Amlayee Nongbareh village N250 10/ 23// 250 m Barak-Surma-
E92047/02// Meghna

Amsohkhri Khonglah N 25°14/48// 460 m Barak-Surma-
E 92°00/36.6// Meghna

Nongmahir- Zero point N 25°44/43.3/ 705 m Brahmaputra

reservoir E 91°48/45.0//

Umiam Mawdun N 25°37/52.6// 814 m Brahmaputra
E 91°51/37.2//

Myntang Mymnsoo N 25931/27// 1255 m Brahmaputra
E 92017/55//

Umiurem Shangpung N 25° 22/ 1275m Brahmaputra
E 92° 43/

Umraleng Umraleng pool N 25°20/5// 903 m Brahmaputra
E 91°52/51//

MEGHALAYA
DRAINAGE PATTERN

— s 341 HNATIONAL BOUMIARY
i e SFATE SOUNDARY

L ﬁ;.—-— RVER ANC STREAM

Pregoned by Do 5 Sorma. Aosedon § 0 | Topuwed o Sofeliie bcgery

River & Reservoir understudy A
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TABLE 2: Check list of cyprinids of Meghalaya

Order Cypriniformes

Family Genus Species
Sub order
Cyprinoidei

Cyprinidae
Labeo Labeo calbasu
Labeo gonius
Labeo angra
Labeo dyocheilus
Labeo bata
Cirrhinus Cirrhinus reba
Systomus Systomus sarana
Garra Garra gotyla
Garra nasuta
Garra lamta
Garra lissorynchus
Pethia Pethia shalynius
Pethia ticto
Pethia conchonius
Puntius Puntius sophore
Tor Tor putitora
Tor tor
Neolissochilus  Neolissochilus
hexagonolepis
Danionidae Salmostoma Salmostoma bacaila
BariliusBarilius bendelisis
Rasbora Rasbora daniconius
Esomus Esomus danrica
Danio Danio dangila
Danio rerio

Devario Devario nequipinnatus

Devario devario

© 2020, St. Anthony's College, Shillong 17
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TABLE 3: Intra drainage distribution of cyprinid species

Barak-Surma-Meghna drainage

Brahmaputra drainage

River Umngot  Lobeo gonius, L calbasy, L dyocheilus, Myntang P shalynius, N hexagonolepis,
L bata, Systomus sarana, Cirrhinus reba, D revio, D dangfio, G gotla,
Gorra lumta, G lissorynchus, Tor tor, Tor £ bendelisis, G nosuta,
putitorq, Barilius bendelisis, Neolissochilus
hexagaonolepls, Pethia ticto,
Puntius sophore, Pethia conchonius
River Umngi L gonius, L calbasu, L dyochetlus, C reba, Umiurem N hexagonoiepis,
Pethia shalynivs, D dangila, B hendelisis, £ rerio,
D qequipinnatus, D devario, £ ticto, B G nasuta, L laubuca
hendeiisis, ( famta, Salmostoma bacaila
River Kynshi P shalymus, N hexagonolepis, B bendelisis, D Umiam N hexagonmiepis, & gotyla,
dangila, & nasuta P sophore, D rerio, Tor tar,
Loongra
River G lissorynchus, G lamea, O eequipimnatus Nongmahir N hexagonolepis, i'or putitora,
Amsohlhri D aequipinnatus, P sophore,
Amlayee N hexagonolepis, G nosuta, Umraleng N hexagonolepis, R daniconius,
(Fish £ danrica
Sanctuary)

TABLE 4: Species abundance and diversity of Cyprinid fish resources at different

altitudes
Parameters Altitudinal Zone
m above MSL

Zonel Zone Il Zone I11 Zone IV

2000-1501 1500-1001 1000-500 Below 500
No of species 3 7 8 19
Shannon-Wiener diversity 0.25 0.88 1.04 3.05
index (H)
Shannon's equitability (EH) 0.04 0.14 0.16 0.48
Simpson’s dominance index 043 0.23 0.21 0.10
(B]
Simpson index of diversity (1- 0.57 0.77 0.79 0.90
D)

Fig 1: Altitude wise Representation of Cyprinids

® Zore | {2000-1501 m)
® Zone | {1500- 1001 m)
% Zone |11 (1000-500 m)

® Zone [V (Below 500 m)
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4. DISCUSSION

Diversity of Cyprinids was observed
highest in Zone IV at altitude below 500 m
above MSL and minimum in Zone | at altitude
2000-1501 m above MSL (Table 2). This
result is in agreement with previous findings
of Yazdani 1977 Sen, 1984. Yazdani 1977
arranged streams of Khasi hills of Meghalaya
into two groups based on elevation and
reported that number of fishes in Khasi hills
showed marked decline at elevation 1,219 m
[28]. Sen 1984 reported that maximum
percentage of fish from gradient zone IV
followed by Zone 111, Zone Il and minimum in
gradient zone I [19]. Danionids and small
barbs such as Danio dangila, D rerio, Devario
aequipinnatus, Pethia shalynius, Puntius
sophare and Esomus danrica are also
important as an aquarium fish has exhibited
common occurrence with high catch
percentage. These small fishes have good
demand in rural area and also consumed by
the native people of Meghalaya either in dry
or fermented form. Cyprinids like G nasuta, &
lissorynchus, G lamta and G gotyla inhabits
hill streams has shown low catch percentage
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with occasional occurrence may be due to
habitat destruction or over exploitation. It
was observed that distribution of major
segment of the economically important
cyprinids species viz, L gonius, L calbasu, L
dyocheilus, S sarana, C reba and L bata are
restricted to rivers Umngot and Umngi of
Barak-Surma-Meghna drainage basin at an
altitude below 500 mabove MSL. The previous
analysis on distribution of Cyprinids revealed
that the Indian Major Carps are found only
below 500m and other carps and minnows are
distributed widely covering all gradient zones
[18]. This findings is an agreement of previous
report on high number cyprinids (70%) in
river Umngot atlow altitude location in Dawki
near Bangladesh border [13]. Meghalaya has
witnessed a significant decrease in cyprinids
fish from its water bodies due the over
exploitation of fishes. Majority of Cyprinids
catch composition has shown within the range
0.1- 4% qualify the category 'Occasional’
occurrence in the state indicates that
population of this important fish group is
declining. Several anthropogenic stresses are
responsible for declining population of
cyprinids in Meghalaya. Use of destructive
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fishing methods like use piscicidal plants
derivatives is responsible of reducing fish
population including cyprinids. Fishes under
genus Garra, Tor and Neolissochilus prefers to
take shelter under the crevices of rocks and
buried under sand. Catching these fishes is
not easy, so some time native people have
resorted to illegal practice like poisoning
water with plants derivatives like roots, bark,
tender leafand fruits are crushed and applied
in the stream or river water to poison the
fishes. Kharu (Millettia achycarpa) and Jaiur
(Zanthoxylu malatum) are most commonly
used plants to poison the fishes [4, 14, 22,
27]. Pollution and habitat destruction are
also responsible of reduction of cyprinid
population in the state. Pollutants like Acid
Mine Drainage a product generated during
coal mining and detergents used to wash
clothes were also found to be liable of
deteriorating water quality in streams and
responsible ofkilling fishes in Meghalaya [25,
11]. Destructive fishing is banned and
considered illegal in the state as per existing
act namely "The United Khasi-Jaifitia Hills
District Fisheries Act, 1954 and 'The Garo
Hills District Fisheries Act, 1953. But due to
inadequate enforcement of existing fishing
regulation is resulted large scale exploitation
of brooders and juveniles during breeding
seasons in certain remote areas of the state.

5. CONCLUSION

Considering the present status of cyprinids
resources in Meghalaya, itis alarming to note
that restricted distribution of commercially
important cyprinids belong to genus Labeo,
Tor, Cirrhinus and Systomus in few rivers of
Barak-Surma-Meghna drainage basin and
coupled with low catch composition of other
cyprinids having medium food value makes
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the entire group more vulnerable to
anthropogenic stress. Prolonged unchecked
exploitation of the cyprinid resources in the
state has pushed many species like Devario
devario Pethia shalynius, Tor putitera, Tor tor
to the position in danger of extinction. This
calls for an urgent need to bring in awareness
among the fishers so that the cyprinids
fisheries resources are optimally exploited.
Protecting the habitat by taking both long
term like in-situ conservation measures and
short term measures like adequate
enforcement of fisheries legislation to stop
destructive fishing, catching brooders during
breeding season can enhance wild
population of cyprinids.
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Abstract: Mobile networks are becoming a preferred choice for the Internet of
Things (10T), due to its flexibility, broad coverage, increasing bandwidth, low latency
and low subscription cost. However, a long-standing security issue in any mobile
network across the varicus generations is identity confidentiality. In a recent
technical specification standardised by 3rd Generation Partnership Project (3GPP)
for 5G mobile network, a novel scheme called the Elliptic Curve Integrated
Encryption Scheme (ECIES) is adopted to tackle the issue of identity confidentiality.
While this mechanism seems to provide a reasonable solution for modern resource
affluent smart phones, it's suitability for resource constrained loT devices needs to
be analysed. In this paper, we study the computational overhead of the ECIES on IoT
devices.
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1.INTRODUCTION

5G mobile network is becoming a
popular backbone network for IoT
deployments due to its flexibility, broad
coverage, high bandwidth, low latency and
low subscription cost [1][2]. Therefore,
dealing with 'identity confidentiality' - a
challenging security issue in mobile network
across the various generations, has become
important. If it is not dealt with aptly at this
stage, things around us that are connected to
the IoT may compromise critical information
about the identity of their owner [3][4][5]

[6]-
In mobile networks, a device has to he

authenticated before any voice or data service
may be offered to it. The authentication

© 2020, St. Anthony's College, Shillong

process requires transmission of the identity
of the device through the wireless link, which
is open for access to everybody including
people with malicious intentions. Therefore,
a common practice to avoid frequent
transmission of the permanent identity of
the device is the use of pseudonyms or short-
lived temporary identities in place of the
permanent identity. However, there are
certain situations when the device is allowed
to transmit its permanent identity in clear
text through the radio link. Unfortunately,
adversaries may take advantage of such
situations to compromise the identity
privacy of the owner of the device by tracking
itusingitsidentity.

Recently, an Elliptic Curve Integrated
Encryption Scheme (ECIES) is introduced by

23






