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Abstract

Buddha, being a great thinker and a social reformer, instituted an ethical faith to free human minds
from the age old orthodoxies and opened a new vista of religious experience called Buddhism. His towering
personality, simplicity and loving kindness for the impoverished and the sick, his denial of caste
consideration for the attainment of salvation, his emphasis on conduct over birth and his admission of
women into the Sangha, were the principles of a very high order incomprehensible in his era and they are
quite applicable even today. This paper shows the position of women and the feministic philosophical view
in Buddhism. By following the way of Buddha’s teaching, many women in his time achieved highest goal,
the state of ever happiness. Buddhism does not consider women as being inferior to men. For imposing the
eight Garudhammas, many critics misjudged Buddha and consider that Buddha hesitated to give recognition
to the right of women for two times. But, it was because of that, Bhikkhuni Sangha was well organized
during the life time of Buddha. When they became skilled to defend themselves, Buddha withdrew
Garudhammas observing their ability to run the Bhikkhuni Sangha progressively more. Keeping pace with
men, they contributed Buddhism in many ways. The contribution of Gautami, Visakha, Patachara, Sujata,
etc. will be highly appreciated always. Among the Bhikkhunis, many were learned in religion and
philosophy. Therigatha is a strong evidence to eradicate the confusion about the role of women in early
Buddhism. Women in Buddhist societies have enjoyed a much higher degree of freedom, independence and

more often than not even equality of status.

Keywords: women, empowerment, Buddhism, Bhikkhuni Sangha, Garudhammas.
Introduction

The arrival of Buddhism in the 5th century B.C., created a minor rouse against Brahmin dogma and

superstition. Buddhism rejected the caste structure, excessive ritualism and sacrifice. The basic doctrine of
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preach the Dharma like the Bhikkhus. Buddha considered Bhikkhuni Sangha like as Bhikkhu Sangha. The
Buddha gave woman an independent status and places her on a footing of equality with men. According to
Ambedkar, “no caste, no equality, no superiority: all are equal. That is the Buddha stood for”. Buddhism is a
religion of humanity and is a religion of welfare of human beings (Bahu jana hitaya and bahu jana sukhaya).
He gave his teachings to human beings so that their suffering can be removed. The main motto of his
teachings was to bring happiness for human beings and make them free from sufferings. Being ordained in
Buddhism, women developed themselves not only in spiritualism but also in creativity in the early Buddhist

era.
Religious Freedom for Women

The establishment of the Bhikkhuni Sangha, the Order of Nuns, had really paved the way for full
religious freedom for women in the days of the Buddha. Buddhist practice has no place for ritual. It is in the
conduct of rituals in most religions that sex-typing becomes important and questions of precedence, ritual
purity and the like arise. Later developments, in some Buddhist countries, have seen the emergence of some
ritual, but even this kind of simple ritual has not involved any typing by the sex of the devotee. Buddhist
ritual usually involves simple forms of worship or chanting or symbolic offerings, and all these are available
to men and women on equal terms. In this connection it must also be mentioned that Buddhism has no place
for a priestly class. Buddhist monks are sometimes mistakenly referred to as “Buddhist priests”. The role of
the priest in religious life is to officiate between the faithful and the God, and Buddhism being essentially
atheistic has no place for God or priest. In practice Buddhist monks have assumed some kind of priestly role
as when they recite stanzas of blessings to the lay followers. This is part of the process by which Buddhism

has been made into a religion, but it was not one in its original form.

There were many eminent nuns who shone brilliantly in the study and practice of the Dhamma. The
Buddha did not placc any restrictions on the nuns in the matter of teaching and preaching of the Dhamma.
The Bhikkhuni Order produced a remarkable number of brilliant preachers and exponents of the Dhamma
e.g. Sukha, Patachara, Khema, Dhammadinna and Maha Pajapati (the foster mother of the Buddha).
Buddhism never supported the Brahmin's view that a son was essential for the father's passage to heaven.
Daughters became quite as good as sons and marriage was no longer a compulsory necessity. Women under
Buddhism had the liberty to lead an independent life and go through their own business. The Buddha by
granting women an active share in the religious life also helped to raise their status in secular life as well.
However, the admission of women into the Order was a step in advance for the period. Whenever an
innovation or improvement was in advance of the thinking and development of a people during a particular
era, the people were unable to adapt themselves to the improved conditions and tended to regress back to the

society that they were used to.
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in Buddhism. Buddhists accept that whatever is real is free from any sort of constructions. Construction is a

sort of jneyavarana.

Hence, within the framework of Buddhist thought, it can be said that instead of solving the woman’s
problem through attempts based on a dualistic model, it is better to transcend this difference and accept that
each individual is an aggregation of panchaskandha, he is a unique individual. Each individual, either man
or woman has good as well as bad qualities. Accordingly, he or she is morally good or bad. Buddhism has
not only advocated this thought but through the dialogues between Mara, one of the symbolic men, and the

Buddhist nuns, Buddha has shown that it is possible.

Conclusion

Thus, we may conclude that the advent of Buddha and the emergence of Buddhism opened a
new horizon for women in society. By the inspiration of all women and with the counter-plea of Buddha, the
women got the right of doing the work according to their will. In fact, the establishment of Bhikkhunis
Sangha was very important to bring social change for women. Buddhist Era is the golden age for women’s
education and movement. But after the great passing of Buddha, Bhikkhunis again started to face the

problem and slowly it was extinct in 11" and 12" century.
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ABSTRACT

The ideals of democracy gre very far

Jrom destination, especially for women in India. Women play a marginal role in
politics. Their political Pparticipation
increased in all corners of the world, In any country women constitute nearly half percent of the total Ppopulation, by
has to adopt q democratic System, |

is almost not visible, But the importance of women’s political Pparticipation has been
t cannot run success
democracy. So,

ifit
sfilly with half of the Ppopulation. It will become o crippled
a democratic 8overnment is |

mpossible without their participation and lo empower them socially,
economically and politically,

their decisfon-makfng capabilities are necessary. Moreover, women have various problems,

demands and aspirations which cannot be aptly expressed by men. The varioys problem issues of the peopl,

: h and nutrition besides Joreign policies, relationships with other countries, issues of war and

e, such as,

increasing women's Participation in Politics had been restated in the World Congress of Women at Beijing in 1995 and in
its “Platfc

orm of Action” the ways and means had been recommended 1

0 increase “space for and visibility” of women in
political institutions and brocesses. This is the most important Sirst st

ep towards women's empowerment, The Women's

Reservation Bill in legislatures has shown some light at the end of the dark tunnel. Merely lamenting upon the state would

not lead us anywhere, The movement Jor creating adequate space for women in the Process of decision-making, right from

within the home 1o the state and national legisiature is required to be taken to its logical end. This article shows the need
and imperatives towards enhancing women’s participation in politics. An attempt has also been

made to glance into the
 history of women’s participation in politics,

KEYWORDS: Women, Farticipation in Politics, Decision Making, Democratic Society

INTRODUCTION

Politics is the process by which people in groups make decisions. It consists of social relations relating to authority or
power, and refers to the rules and regulation of a political unit, and to the tactics used to formulate and apply policy. These

units have both men and women, but men are always dominated in the field.

Jean Jacques Rousseau had advocated the idea of women’s exclusion from politics in 1762, The American

Declaration of Independence had also denied the right of equal political participation of women. But afterwards many
thinkers

like .. Mill had advocated gender equality in every field including politics. In post-World War 11, the sensitivity
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Abstract .
all India phenomenon and not restricted to any particular area,

The Bhakti movement had been an
i religion of India with the partic%pation of women. The

language speaking people or followers 0 | n en. |
Bhakti movement was originated as a reaction against caste division, untouchability and ritualism
in India. All the steps taken clearly indicate that the movement was for promoting, preserving and

respecting the Indian womanhood taking all their affecting factors into. consideration. The Bhakti
women laid the roots of feminism in India. With sheer bravery, tenacity and| their devotion to God,
they created an autonomous space for themselves and refused to be tied dc%wn by societal norms.
They did the unspeakable, and displayed: the true strength of a woman'’s spirit. They created their
own path to freedom, and inspired many others to follow their own will. They tr_anscended the
social identities and material realities into a universal spiritual realm. Saints like Chaitanya,
Nanak, Kabir, Meera, Ramdas, Tulsi, Tukaram advocated women's rights foi:i religious worship and
as a result women secured certain social freedom too. In this way the Bhakti Movement and roots
of Indian Feminism had grown up. '
Key Words: Bhakti Movement, Brahmanism, feminism, societal norms.
WWM‘

Bhalkti Moveme

Introduction

The Muslim period had witnessed several indicators of low status %)f women, particularly
the Hindu women. The child marriage became a rule to safeguard the cha:stity and honour of the
girls. In many cases the Hindu girls were given marriage before the age of nine or ten. This
clearly indicated that the Hindu girls denied education by the force of society. During this period
polygamy and ‘purdah’ system were also practiced. The Hindu widow 'spe:;'ut her days in the most
pathetic condition. The practice of child marriage resulted in rapid increase in the number of
child widows. The death of a. woman was preferred to her falling into evil lhands‘ The practice of
‘Sati’ was encouraged and the'widows who did not perform ‘Sati’ were| looked down by the
society. From the second invasion by the Muslims in the eleventh century :hll the mid-eighteenth
century, India experienced the breakdown of social institutions, the upsetting of traditional
political structure and economic depression. All these had effect on the! social life, especially
among women. However, during the fifteenth century Ramanujacharyaorganized the Bhakti
movement. The movement brought new trends in the social and-religious? life of Indian women.
e gy e B ey e

n social freedom too. During the Bhakti
movement, women were encouraged to educate themselves. 3

The Bhakti Movement

'I‘he' term ‘bhakti’ is defined as "“devotion” or passionate love for t;he Divine. The Bhakti
movement in India was originated in ancient Tamil Nadu in'the seventh century and spread to the
north during the late medieval ages when North India was under Islamic rule. The movement w
spontaneous and originated as a reaction against caste division, untoucha:bility and ritualism Elll'si

| The research journal of social slciences . November 201f3 volume 9 number 11
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1o work as a maid in the upper-caste family of Namdev, one of the most revered of the Bhakti poer(-
saints. While within this household, she continued to serve Namdev, both ds a servant and as his
devotee, Janabai wrote over three hundred poems focusing on domestic chores and the
restrictions facing her as a low-caste woman.

Muktabai or Muktai was a saint in the Varkari tradition who wrote forty-one abhangs. She
was born in a Deshastha Brahmin family, the last of the four children of Vlitthal Govind Kulkarni
and Rukmini, a pious couple from a village near Paithan on the banks of the G?da.vari. Vitthal lied
about his marriage to be initimated into sanyas. When found out, the couple was excommunicated
from the caste. Later Vitthal and Rukmini ended their lives, hoping the_ir children would be
accepted into society after their death. The orphaned children had to resort to begging, but all
four went on to contribute abhangs and commentaries on the Gita. Her most popular abhanga-is

Tatiche Abhanga (The Song of the Door).

Lalla or Lai Ded was one of the earliest Kashmiri mystic poets of the fourteenth century.
She refused to stay confined to domestic tyranny and its power hierarchy. She adopted a famous
Kashmiri Shaiva saint as her spiritual guide, and became an ardent devotee of Shaivism. She was
also a yogini, a mendicant ascetic, who wandered about preaching the yogic doctrines as the best
means of ultimate absorption into the Supreme. The true saint, according to her, was, ‘the servant
of all mankind through his humility and loving kindness'. She did not believe in the efficacy of
external observances, ritualism, or idol worship. She insisted on the performance of duty for
duty’s sake.

Mirabai, or Mira, a Bhakti poet of the fifteenth century, is said to have been born into a
ruling Rajput family. Mirabai’s poetry tells of her vision of Lord Krishna when she was a child; from
that point on Mira vowed that she would forever be his bride. Despite her wishes, she was
married to Prince Bhoj Raj of the Rajput kingdom of Mewar at a young age. $er husband died after
some years. The hostility increased as Meera refused to commit sati. She neither wore the
mourning garb, nor followed any of the customs expected of a royal woman grieving a lost
husband. Instead she claimed that now she was free to devote herself completely to the worship of
Krishna. Mira’s devotional practices became increasingly intense. She often sang and danced
herself into ecstasies, even in public places like temples. News about her spread all over India
and she soon attracted a following of devotees from all social groups and castes. She became the
foremost exponents of the Bhakti movement and a remarkable example of feminism in India.

Conclusion

Thus, we may conclude that all over Medieval India had an atmosphere of immense
discrimination, with patriarchy held in the highest regard. Women sought ﬁhakﬁ to move out the
restricted domestic spaces and oppose patriarchy and Brahminical hegefnony. The i'ejection of
the power of the male figure that they were tied to in subordinate relationships became the terrain
for struggle, self-assertion and alternative seeking.
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Abstract

Health is a common theme in most cultures. Health plays a vital role in our lives. In context to women’s
health it is a valuable asset for them. Women have a special role in healthy nutrition of the population. The
woman breastfeeds the newborn baby and prepares meals for members of her family. Women employees in
food manufacturing, trade, public catering, health care and education account for the majority. In addition,
public health depends upon women’s understanding of healthy nutrition issues. Women, therefore, play a
key role in implementing a healthy nutrition policy, both in the family and in society as a whole. In most
Indian household the women of the house eats last, after feeding the whole family. Though there are more
illiterate women than men, we find that women learn more quickly and respond more rapidly. So, women
need health and nutrition education for the development of society. Health and nutrition education aims at
enabling women and men both to gain control over the determinants of health and health behaviour and the
condition that affect their health status. This paper analyses the significance of health education to women
and thus to society.

Keywords: health, women, nutrition, education.

Introduction

Health is a prerequisite for human development and is an essential component for the wellbeing of
the mankind. The common beliefs, customs, practices related to health and disease in turn influence the
health of the human beings. Health can be regarded as a state of mental, social and economic wellbeing and
not the mere absence of disease. Health is a function, not only of medical care, but also of the overall
integrated development of society — cultural, economic, educational, social and political. Therefore, to have

sound health, the other depending factors are also to be looked into.
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Health is one of those terms which most people find it difficult to define although they are

confident of its meaning. Therefore, many definitions of health have been offered from time to time,

including the following:

Webster: “The condition of being sound in body, mind or spirit, especially freedom from physical

disease of pain”.

Oxford English Dictionary: “Soundness of body or mind; that condition in which its functions are
duly and efficiently discharged”. “A condition or quality of the human organism expressing the adequate

functioning of the organism is given conditions, genetic and environmental”.

Perkins: “A state of relative equilibrium of body forms and functions which results from its
successful dynamic adjustment to forces tending to disturb it. It is not passive interplay between body
substance and forces impinging upon it but an active response of body forces working toward

readjustment”.

WHO definition: The widely accepted definition of health is that given by the World Health
Organization (1948) in the preamble to its constitution which is as follows — “Health is a state of complete
physical, mental and social wellbeing and not merely an absence of disease or infirmity”. In recent years,

this statement has been amplified to include the ability to lead a “socially and economically productive

life”.

Health Problems of Indian Women

The health of Indian women is intrinsically linked to their status in society.-Research on women's
status has found that the contributions Indian women make to families often are overlooked, and instead
they are viewed as economic burdens. There is a strong son preference in'India, as sons are expected to
care for parents as they age. This son preference, along with high dowry costs for daughters, sometimes

results in the mistreatment of daughters.

Indian women, further, have low levels of both education and formal labour force participation.
They typically have little autonomy, living under the control of first their fathers, then their husbands, and
finally their sons. All of these factors exert a negative impact on the health status of Indian women. Poor
health has repercussions not only for women but also their families. Women in poor health are more likely
to give birth to low weight infants. They also are less likely to be able to provide food and adequate care
for their children. Finally, a woman's health affects the household economic well-being, as a woman in

poor health will be less productive in the labour force.

Many of the health problems of Indian women are related to or exacerbated by high levels of
fertility. Utter Pradesh, the most populous state in India, has a total fertility rate of over 5 children per
woman. On the other hand, Kerala, which has relatively high levels of female education and autonomy, has
a total fertility rate under 2. High levels of infant mortality combined with the strong son preference
motivate women to bear high numbers of children in an attempt to have a son or two survive to adulthood.

Numerous pregnancies and closely spaced births erode a mother's nutritional status, which can negatively
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i)  stresses the complex web of interrelationships that determine mental health and that the

factors that determine health operate on multiple levels.
iil)  goes beyond the biological and the individual.
iii) acknowledges the crucial role of the social context.

iv)  highlights the importance of justice and equality in determining mental well being.

Gender configures both the material and symbolic position women occupy in the social hierarchy as well as
the experiences which condition their lives. Understood as a social construct, gender must be included as a
determinant of health because of its explanatory power in relation to differences in health outcomes
between men and women. These asymmetries are manifested not only in terms of differential susceptibility
and exposure to risks - for example vulnerability to sexual violence, but also, fundamentally, in the power
of men and women to manage their own lives, to cope with such risks, protect their lives and influence the
direction of the health development process. This balance of power has generally favoured men and

relegated women to a subordinate, disadvantaged position.

A gendered, social determinants model offers the only viable framework for examining evidence on
all relevant factors related to women’s mental health. From this perspective, public policy including
economic policy, socio-cultural and environmental factors, community and social support, stressors and
life events, personal behaviour and skills, and availability and access to health services, may all be seen to

exercise a role in determining women’s mental health status.

The importance of gender differences in mental health is most graphically illustrated in the
significantly different rates of major depression experienced by women compared with- men. The need to
focus on ill health and morbidity has also been emphasized in the area of women’s health. Health related
data that is solely bio medically based cannot adequately inform an understanding of the morbidity
experienced by women. As mortality rates decline, it becomes increasingly critical to address physical and
psychological morbidity, increase satisfaction with health care services and improve quality of life, if

improvements in women’s health are to be achieved.

The tools currently in use to measure health status exacerbate this difficulty by themselves having a
gender bias. Reducing morbidity is an essential prerequisite to the improvement of women’s mental health.
As women in many countries are approximately twice as likely as men to experience depression and it is
the most prevalent psychiatric disorder any significant reduction in the overrepresentation of women who
are depressed would make an important contribution to lessening the global burden of disease. Women’s

mental health is a significant public health issue.

The promotion of women’s mental health, like health promotion in general, relies on establishing a
process composed of a variety of possible elements that singly or together enable women as individuals or
members of their communities to increase control over the determinants of their mental health and thereby
be in a position to improve their health status and health outcomes. A strong inverse relationship exists

between social position and physical and mental health outcomes. Adverse health outcomes are two to two
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role in influencing all health related sectors to see that their policies and actions are in congruence with the

national health objectives. It has to play a key role of an advocacy so that people are motivated and play

effective role in educating and adapting sound health practices. Thus, it is well said that “Health is beauty”,

as beauty is only a by-product of good health. So, let’s wake up and enter into the adventure and remember

that Health is a fundamental Human Right.
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ARTICLE INFO ABSTRACT

In this research article, an epidemiological model is formulated for mosaic disease considering plant and vector
populations. Plant host population has been divided into three compartments namely healthy, latently infected
and infected ones, and vector population is divided into two compartments: non-infective and infective vectors.
The system possesses three equilibria: plant-only, disease-free and endemic equilibrium. Plant-only equilibrium

Keywords:

Mosaic disease
Mathematical model
Numerical stability analysis

Hopf b.lfurcfmon . ) is always unstable; disease-free equilibrium is stable when the basic reproduction number, Ry, is less than unity
Impulsive differential equation . . . . - .
Roguing and unstable for when it crosses unity, and ensure existence of an endemic equilibrium which may be stable or

can undergo a Hopf bifurcation. Finally, impulse periodic roguing with varied rate and time interval is adopted
for cost effective and eco-friendly disease control and future direction of agriculture management. The dynamics
of the impulsive system has also been analysed. Detailed numerical simulations are employed to support the
analytical results. We found that roguing is most cost effective and useful management for mosaic disease
eradication of plants if applied at proper rate and interval.

1. Introduction

Plant viruses are an important constraint to crop production
worldwide especially in developing countries (Fereres et al., 2000;
Thackray et al., 2000; Waterworth and Ahmed, 1998), in several cases,
causing large-scale damage to crops resulting in whole regions going
out of production. Examples include cocoa swollen shoot in Ghana
(Owusu, 1983; Thresh and Owusu, 1986) and banana bunchy top in
Australia (Allen and Barnier, 1977; Thresh et al., 1988). Most plant
viruses are vectored by arthropods (Nault, 1997) (for eg. whitefly) and
the vector activity and behaviour, especially in relation to virus trans-
mission; and these are important determinants for dispersion and out-
break of disease (Spence, 2001).

Mosaic disease is an emerging and epidemic disease that affects the
productivity of different plants such as Cassava, Tomato etc. including
biofuel crop Jatropha curcas. J. curcas is a small woody plant belonging
to the family Euphorbiaceae and can grow on marginal land in tropical
and subtropical regions and produces seeds containing up to 30% oil
contents. It serves as biodiesel feed stock and has high economic im-
portance for overcoming future fuel crisis (Gao et al., 2010). Like
many other plants, Jatropha is also affected by the mosaic virus. There
are also reports of Jatropha plants being affected by the cucumber
mosaic virus (Raj et al., 2008). Mosaic virus is a type of plant virus

* Corresponding author.

that causes the leaves of plants to have spotted and speckled look. This
virus can move frequently in the environment and its spreading is
mainly dependent on the abundance of vector whitefly (Basir et al.,
2018; 2017) i.e. spread of the virus is highly vector-density depen-
dent. A single whitefly is sufficient to infect a host plant but trans-
mission of the disease increases when numerous infective whiteflies
scatter and feed on host plants. Besides this, whiteflies are tre-
mendously productive; after coming into contact with any part of the
host plant (around the home or garden), they will voluntarily roam
and try to attack any other immediate adjacent vegetation (Gao et al.,
2010; Venturino et al., 2016). Normally whiteflies need three hours
feeding time to procure the virus and a latent phase of eight hours. It
requires only about ten minutes to contaminate the young leaves.
Symptoms seem to appear in the infected plants after a latent period of
three to five weeks (Fargette et al., 1994).

Propagation of a virus is specifically dependent upon several factors
including (but not limited to) host plant density, incubation time
duration and infection pattern. It ultimately affects the intensity of
overall yield and quality decline, price of final product and farming
efficiency (Tang et al., 2010). Effective control measures must be aimed
at decreasing virus incidence and that too must be economically justi-
fied (cost effective). When dispersion of a disease exceeds a certain
threshold value (Tang et al., 2010), any single control measure alone
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i.e. all solutions of the system (1) that start in £ are uniformly bounded
and remains in D.

3. Equilibria and their stability

The model system (1) has three equilibria, namely, plant-only
equilibrium E,(K;, 0, 0, 0, 0), disease-free Eo(K;, 0, 0, K5, 0) and en-
demic equilibria E*(x*, I*, y*, u*, v*), where
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Following theorem ensures the existence of feasible endemic equi-
librium.

Theorem 1. Let

A = 18P,P,P,P, — 4P; P, + P;P} — 4P,P} — 27P}P}. 6)

be the discriminant of (4). Now, if A > 0, and either P, > 0,P3 > 0 or
P, < 0,P; < 0, then equation (4) has a single positive root. If A > 0 and
P, < 0, and P3 > 0, then Eq. (4) has two positive roots.

3.1. Stability of equilibria

Stability of any steady state E(x, L y, u, v) is determined by the
eigenvalues of the Jacobian Jg evaluated at that steady state,

- v
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At the disease-free equilibrium, E,, two roots are — r <0, —d < 0
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and rest of the roots satisfy

E+ L+ L+1:=0, @

where =(@+d6+2m+d)>0, Ly=dm+3d6)+d(a+m)+
(¢ + m)(d + m) >0, and Ly =d(ax + m)(m + §) — afAK K;.
Let us define the basic reproduction number, Ry, as follows

afiK K,
d(a + m)(m + 6)’

T ®)
Then, we have the following theorem which characterise the stability of
Eo.

Theorem 2. Disease free equilibrium E, is stable if Ry < 1 and unstable
otherwise, undergoes a forward bifurcation at Ry, =1, giving rise to a
feasible co-existence equilibrium E*.

Remark 1. It is important to note that R, depends on & and m, hence,
they are important parameters in the eradication of infection. At the
same time, taking a limit of @ — o gives

limRo(a) = RS = 24PKK
-0 d(m + 9)

Note that R, is monotonically decreasing with increasing m, this
suggests that eradication of mosaic disease, as represented by a stable
disease-free steady state Ey, is only possible if Rs° < 1, and one of the
available means to achieve this is by increasing roguing (the rate of
removal of infected plant).

Characteristic equation at E* becomes of degree five in &
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According to Routh-Hurwitz conditions, (9) has roots with negative
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Fig. 8. Effect of roguing: (a) Effect of roguing with varying roguing interval 7 i.e. 7 is changing each iteration. Initially 7 = 1, then increase by 1 in each iteration, (b)
with varying roguing rate h. Initially h = 0.75, then it is reduced by 0.025 in each iteration.

cultivated plants) is important and best effective method for plant
disease eradication. In agriculture, roguing refers to the act of identi-
fying and removing plants with undesirable characteristics from agri-
cultural fields. Rogues are removed from the fields to preserve the
quality of the crop being grown. But for agriculture, roguing should be
maintained at rate that maximizes the crop production rate as well as
minimize the disease infection rate and also cost effective. So, for that
purpose, the effect of roguing on system is thoroughly studied by means
of four ways: (1) by changing roguing interval (z) at fixed roguing rate
as example intervals of 10, 15, 20 days; (2) by changing roguing rate h
at fixed roguing interval namely h = 0, 0.25, 0.5, 0.75 etc.; (3) by
changing roguing interval (z) at increasing order such as 1, 2, 3, 4 days
etc. That means in every time roguing interval time should be increased
by 1 day from the previous; (4) by changing roguing rate (h) in de-
creasing order from starting rate 0.75 at early stage of disease man-
agement. That means during successive roguing attempts, roguing time
should be decreased by 0.025 from the previous.

6. Discussion and conclusion

In this research article, a mathematical model has been formulated
to study the dynamics of plant mosaic disease and its possible biological
control by applying roguing for cost effective maximization of crop
yield. From an ecological and economical point of view, a holistic
model incorporating maximized crop yield while minimizing the ha-
zards of chemical pesticides is required. This model can help in un-
derstanding the range of effects for implementing alternative eco-
friendly control strategies, which in this case is impulsive roguing.

Here the basic reproductive number R, is used as a parameter for
understanding the stability of the model at disease free situation. When
Ry < 1, the system seems to achieve disease free condition and is stable.
For Ry > 1, the disease free equilibria is unstable and system becomes
endemic. The endemic equilibrium undergoes Hopf bifurcation through
periodic oscillations for the critical values of A. So, first and foremost,
the effects of major controlling factors such as disease transmission rate
(A), vector infection rate () etc. on the dynamics of the system have
been studied.

From the above study, it can be concluded that disease transfer rate,
vector growth rate and vector infection rate are inversely related to

22

infection rate. So, if these concerned rates increase beyond their
threshold values then the system become unstable even at a low in-
fection rate. Not only that, it also becomes difficult for the system to
return back to stability, or more specifically to achieve the disease free
equilibrium point. So, from a practical applicability point of view, it can
be said that for maximum crop yield the goal should be fixed to
maintain minimum disease transfer rate, vector growth rate and vector
infection rate in addition to minimum infection rate. All these rate
parameters are mostly controlled and modified by use of pesticides.

In the second part of this study, impact of another useful biological
control method — roguing and its effect on agricultural field are studied
in detail. Here two important parameters of this control method,
namely, time interval and roguing rates are very crucial with respect to
cost effective maximum crop production, since roguing rate is directly
related to crop production rate but inversely related to production or
cultivation cost and on the other hand, opposite results are depicted in
case of time interval for roguing. So, the primary goal should be to
balance between crop yield and production cost. For that purpose, ef-
fect of roguing time interval at fixed roguing rates as well as effect of
different roguing rates at fixed time interval on plant and vector den-
sities have been studied numerically.

From the above study it is clear that crops have maximum yield at
considerably higher roguing rates as well as lower time interval for the
same. But, since disease infection rate depends on densities of vector
and pest population, roguing process with a constant rate and at con-
stant time interval is not appropriate to maintain disease free situation
for the whole duration of crop life cycle. Variations in these two
parameters should be studied for maximum incidence to maximum
eradication of mosaic disease in agricultural field. During maximum
incidence the roguing rate should be higher and time interval should be
lower but the interval time should be increased at ascending order
during disease eradication process. From this study it can be seen that
at higher time interval (z = 8 days) and also at comparatively lower
roguing rate (h = 0.45) the system reaches stability point and con-
siderably maximum crop yield in contrast to previous case is achieved.

Cost effectiveness is brought about by applying roguing at lower
rates and with higher time intervals. It can be concluded from the ob-
servations that a disease free stable system can be achieved when ro-
guing is applied at an interval of 7 = 8 days and at a rate of h = 0.45
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which brings about the maximum cost effectiveness for crop produc-
tion.

It can be concluded from the current study that roguing method is
most cost effective and useful management of mosaic disease eradica-
tion in plants if proper rate and interval of roguing can be determined.
This approach can be applied for other plant virus eradication man-
agement in economically valuable crops namely Cassava, Jatropha. So,
the proposed model can be useful for agriculture researchers and
workers. They can utilize the model to help predict the behavior of the
epidemic and its management. This model can also be used for pre-
dictions and may encourage plant and insect researchers to gather the
data necessary for the model. With availability of data collected from
field, the parameters can be modified to fit any particular situation that
may subsequently result in eradication of the disease.
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ARTICLE INFO ABSTRACT

Presence of optimal levels of dissolved oxygen (above critical level of 4.5mgL~") and presence of zooplankton
community are indicators of good water quality of an aquatic ecosystem and also of the health of the same.
Reservoirs being artificially created water bodies present hybrid systems containing features of both lotic and
lentic systems and thus have unique organization that are representative of both rivers and lakes. Since any
reservoir is primarily a fresh water system, presence of a large array of zooplankton (diverse community
structure) implies its good health and also presence of optimal dissolved oxygen levels supports sustenance of
life. In this study, artificial neural network modelling approach has been utilized to predict the level of dissolved
oxygen and zooplankton abundance in the Bakreswar reservoir and their variation in relation to the environ-
mental factors. Use of neural network modelling is exceedingly capable of determining correlation among ap-
parently non correlated environmental data and in the current study these are capable of accurately predicting
the variations in the levels of dissolved oxygen as well as the abundance of zooplankton. From this study, it has
been observed that chemical factors like productivity, nitrates, salinity, pH, phosphates, total dissolved solids,
etc. are mostly responsible for control of dissolved oxygen and zooplankton variation at certain points of the
study site (stations 1 and 3) whereas at other points (station 2) physical factors like solar radiation, humidity,
etc. are more effective. These models are capable of finding the important environmental controllers of such
variations and prove to be a powerful alternative to traditional approaches like multiple regression analysis.

Keywords:

Artificial neural network

Feed forward back propagation
Plankton

Bakreswar reservoir

West Bengal

India

1. Introduction

Purposefully designed artificial water bodies like dams and re-
servoirs create hybrid ecosystems that collectively present combined
qualities of two characteristically diverse (lotic and lentic) systems
(Kennedy, 1999; Soballe et al., 1992). Three different aspects of re-
servoirs — the physical, chemical and biological subsystems (Straskraba
and Tundisi, 1999) work in unison to maintain a healthy system that
serve not only the primary objective of fresh water supply to irriga-
tional fields, but also provide other ecosystem services including
drinking water supply, generation of hydroelectric power, area for stock
and culture fishery, provisioning for recreational opportunities and also
flood control. Thus exhaustive research should be focused on managing
proper health of these aquatic resources that can implement

* Corresponding author.

environmentally sound and feasibly concrete management practices
(FAO, 1995; Li et al., 2010).

Quantification of ecosystem health is not something that can be
easily achieved by focusing research in any one direction. In order to
successfully determine the health of any ecosystem, different indicators
like system indices (system robustness, resilience, organization, species
distribution patterns, eco-exergy content, etc. obtained from study of
trophic structure, spatial patterns of variation of biological components
and influence of environmental factors on the various subsystems of any
ecosystem, etc.) present various results that can be used to successfully
decipher the ecosystem status — its health (Banerjee et al., 2018, 2017b;
Connell, 1963; Hull et al., 2000; Jorgensen, 1986; Rakshit et al., 2017;
Scharler et al., 2018; Ulanowicz, 1986; Venturino et al., 2016; Williams,
1976). A multitude of distinctive elements can be used as system health
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indicators including for example important chemical factor like dis-
solved oxygen (DO) content of the water body or biological aspect like
the abundance of zooplankton in the same and so on.

Oxygen is one of the primary requirements of life without which, it
would be impossible for aerobic organisms to survive. For aquatic
heterotrophic organisms, dissolved oxygen (DO) is the only source of
oxygen and this acts as a vital factor not only in life sustenance but also
in regulating their metabolic activities and subsequent trophodynamics
(Hull et al., 2008, 2000). DO is a critical variable in evaluating water
quality in lakes, reservoirs or any fresh water system. Low DO con-
centrations of water bodies directly affect abundance of fish and other
organisms thus altering ecological balance. Frequent occurrences of
hypoxia due to sudden lowering of DO have caused significant reduc-
tion of fishery harvests, toxic algal blooms and loss of biotic diversity
(Howarth et al., 2000; Paerl, 1988). The minimum level required is
4.8mgL~" (critical level of DO) to mark any water body as healthy
(EPA, 2000; Giirel et al., 2005). Below this level, adverse effects comes
into play ultimately affecting biological, ecological as well as eco-
nomical processes as well (Breitburg, 2002; Nelsen et al., 1994) with
disruption in their proper functioning. DO level in an aquatic system is
regulated by two key processes which are — (i) production (photo-
synthesis by phytoplankton, aquatic macrophytes and periphyton) and
(ii) consumption (respiration by aerobic communities, biological and
chemical oxygen demand, organic matter mineralization etc.). En-
vironmental (physical and chemical) factors like water pH, atmospheric
and water temperature, salinity, atmospheric exchange and also hy-
drodynamic water column processes contribute to the maintenance of
dissolved oxygen levels (Hull et al., 2008; Mandal et al., 2012; Sallam
and Elsayed, 2018; Smith and Piedrahita, 1988; Tuchkovenko and
Lonin, 2003). The controlling processes are summed up in the following
conceptual diagram - Fig. 1.

Similarly, the presence of a healthy assemblage of zooplankton
community (having diverse composition and abundance) is another
suitable indicator of water quality (Karjalainen et al., 1996; Moss et al.,
1997; Muylaert et al., 2006). Zooplankton in most cases occupy the
second trophic level in an aquatic food web and serve as the main link
of energy transfer from producers to the higher trophic level hetero-
trophs (Deivanai et al., 2004; Ismail and Mohd Adnan, 2016; Santos-
Wisniewski et al., 2006). Zooplankton show vertical as well as hor-
izontal distribution alongside diel migration patterns that can be at-
tributed to several factors including solar radiation, species assemblage

Ecological Indicators 100 (2019) 99-117

and various other environmental factors as mentioned above (Cisewski
et al., 2010; Dini and Carpenter, 1992; Lampert et al., 2003; Lienesch
and Matthews, 2000; Vijanen et al., 2009). In addition to showing quick
responses to changes in the environment, variations in community
structure (relative abundance of species in a community) can be ob-
served in response to changes in physico chemical factors also (Gannon
and Stemberger, 1978). Previous reports suggest that different zoo-
plankton groups are good indicators of eutrophication, acidification of
water body as well as turbidity of lakes and reservoirs (Attayde and
Bozelli, 1998; Burns and Galbraith, 2007; Pinel-Alloul et al., 1990;
Sousa et al.,, 2008). Increased nutrient inflow can result in eu-
trophication of water bodies thus resulting in phytoplankton bloom.
However, zooplankton communities present in the water body can act
as top-down controller feeding on phytoplankton thus decreasing
chlorophyll-a concentration and enhancing water transparency (Yang
et al., 1998). Consequently, the study of abundance of zooplankton
groups and relating this to the controlling effects of environmental
factors provides much insight into organization of the aquatic system
(Sehgal et al., 2013). Fig. 2 below summarizes the conceptual frame-
work of zooplankton abundance control in an aquatic ecosystem.

Several authors have till date used various methods for the study in
variations of DO (Mandal et al., 2009; Prasad et al., 2014; Scavia et al.,
2003; Singh et al., 2009; Wu et al., 2000; Zhao et al., 2007) and species
abundance in different systems using a multitude of techniques
(Geraldes and Boavida, 2004; Haury et al., 1991; Lienesch and
Matthews, 2000). Traditional methodologies like spatial pattern ana-
lyses of community structure and dynamic modelling of particular as-
pects can provide useful insights to various facets of the system con-
cerned but often fail to correlate the large number of controlling
environmental factors to the same (Chakrabarty et al., 2017; Connell,
1963; Sarkar and Pandey, 2015; Williams, 1976).

Since the proper introduction of mathematical modelling in lim-
nology, a growth surge has been observed in the use of ecological
modelling and various forms of its application (Jgrgensen, 1999). Over
the years, mathematical modelling has evolved considerably. Some
very complex and highly evaluative modelling approaches are capable
of adapting to ecosystem changes in response to forcing functions and
can modify and evolve to incorporate those changes (Jorgensen and
Bendoricchio, 2001). Artificial neural network (ANN) modelling ap-
proaches have gained popularity particularly during 2000-2006 along
with structural dynamic models and also individual based models
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Fig. 1. Conceptual diagram of different processes maintaining the level of dissolved oxygen in the water column.
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Fig. 6b. Comparisons between model outputs (blue

triangle) and observed values (red star) for

Zooplankton abundance of S2. The plots represent
(clockwise from top left) Cladocera, Copepoda,
Rotifera and Ostracoda abundance respectively with
the X-axis showing the number of observations and
Y-axis shows zooplankton count. (For interpretation
of the references to colour in this figure legend, the
reader is referred to the web version of this article.)

Fig. 6¢c. Comparisons between model outputs (blue

triangle) and observed values (red star) for

Zooplankton abundance of S3. The plots represent
(clockwise from top left) Cladocera, Copepoda,
Rotifera and Ostracoda abundance respectively with
the X-axis showing the number of observations and
Y-axis shows zooplankton count. (For interpretation
of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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the variation in ranking of each independent (predictor) factor in the
control of DO and zooplankton. The most important factors are found to
be productivity, biological oxygen demand, phosphates, nitrates, sali-
nity, pH etc. thus implying a chemical control of the reservoirs water
quality and these observations are in agreement with previous ob-
servations as well (Banerjee et al.,, 2015; Chakrabarty et al., 2017;
Hujare, 2008; Tarkan, 2010).

S1 and S3 are situated further away from the reservoir dam and the
water level here faces lowering during warm summer time and subse-
quently increases in the monsoon (Banerjee et al., 2015). This leads to
an increased presence of turbidity and also increased concentration of
different chemical attributes like Nit-N, TDS, S4;, Phos-P etc. following
increased evaporation of water in the dry seasons and shallow water
depth in these two stations (Hujare, 2008; Medudhula and Samatha,

108



A. Banerjee et al.

modeling of water quality data. Anal. Chim. Acta 584, 385-396. https://doi.org/10.
1016/j.aca.2006.11.038.

Smith, D.W., Piedrahita, R.H., 1988. The relation between phytoplankton and dissolved
oxygen in fish ponds. Aquaculture 68, 249-265. https://doi.org/10.1016/0044-
8486(88)90357-2.

Smith, M., 1993. Neural Networks for Statistical Modelling, first ed. Thomson Learning.

Soballe, D.M., Kimmel, B.L., Kennedy, R.H., Gaugush, R.F., 1992. Reservoirs. Biodivers.
Southeast. United States Aquat. Communities. Wiley, pp. 421-476.

Sousa, W., Attayde, J.L., Rocha, E.D.S., Eskinazi-Sant’Anna, E.M., 2008. The response of
zooplankton assemblages to variations in the water quality of four man-made lakes in
semi-arid northeastern Brazil. J. Plankton Res. 30, 699-708. https://doi.org/10.
1093/plankt/fbn032.

Soyupak, S., Karaer, F., Gurbuz, H., Kivrak, E., Sentiirk, E., Yazici, A., 2003. A neural
network-based approach for calculating dissolved oxygen profiles in reservoirs.
Neural Comput. Appl. 12, 166-172. https://doi.org/10.1007/s00521-003-0378-8.

Straskraba, M., 2001. Natural control mechanisms in models of aquatic ecosystems. Ecol.
Model. 140, 195-205. https://doi.org/10.1016,/50304-3800(01)00338-6.

Stragkraba, M., Tundisi, J.G., 1999. Theoretical Reservoir Ecology and its Applications.
International Lake Environment Committee, Backhuys Publishers, Leiden.

Sundaray, S.K., Panda, U.C., Nayak, B.B., Bhatta, D., 2006. Multivariate statistical tech-
niques for the evaluation of spatial and temporal variations in water quality of the
Mahanadi river—estuarine system (India) — a case study. Environ. Geochem. Health
28, 317-330. https://doi.org/10.1007/510653-005-9001-5.

Tarkan, A.S., 2010. Effects of streams on drinkable water reservoir: an assessment of
water quality, physical habitat and some biological features of the streams. J. Fish. 4,
8-19. https://doi.org/10.3153/jfscom.2010002.

Torras, M., Boyce, J.K., 1998. Income, inequality, and pollution: a reassessment of the
environmental Kuznets curve. Ecol. Econ. 25, 147-160. https://doi.org/10.1016/
50921-8009(97)00177-8.

Tsuzuki, Y., 2008. Relationships between water pollutant discharges per capita (PDCs)
and indicators of economic level, water supply and sanitation in developing coun-
tries. Ecol. Econ. 68, 273-287. https://doi.org/10.1016/j.ecolecon.2008.03.005.

Tu, J.V., 1996. Advantages and disadvantages of using artificial neural networks versus

117

Ecological Indicators 100 (2019) 99-117

logistic regression for predicting medical outcomes. J. Clin. Epidemiol. 49,
1225-1231. https://doi.org/10.1016/S0895-4356(96)00002-9.

Tuchkovenko, Y.S., Lonin, S.A., 2003. Mathematical model of the oxygen regime of
Cartagena Bay. Ecol. Model. 165, 91-106. https://doi.org/10.1016/50304-3800(03)
00064-4.

Ulanowicz, R.E., 1986. Growth and Development: Ecosystems Phenomenology. Springer
Science & Business Media, New York, USA.

Venturino, E., Roy, P.K., Al Basir, F., Datta, A., 2016. A model for the control of the
mosaic virus disease in Jatropha curcas plantations. Energy Ecol. Environ. 1,
360-369.

Vijanen, M., Holopainen, A.-L., Rahkola-Sorsa, M., Avinsky, V., Ruuska, M., Leppénen, S.,
Rasmus, K., Voutilainen, A., 2009. Temporal and spatial heterogeneity of pelagic
plankton in Lake Pyhéselkd, Finland. Boreal Environ. Res. 14, 903-913.

Wen, X., Fang, J., Diao, M., Zhang, C., 2013. Artificial neural network modeling of dis-
solved oxygen in the Heihe River, Northwestern China. Environ. Monit. Assess. 185,
4361-4371. https://doi.org/10.1007/510661-012-2874-8.

Who, W.H.O., 2004. Guidelines for Drinking-water Quality: Recommendations. World
Health Organization.

Williams, W.T., 1976. Pattern Analysis in Agricultural Science.

Wilson, H., Recknagel, F., 2001. Towards a generic artificial neural network model for
dynamic predictions of algal abundance in freshwater lakes. Ecol. Model. 146, 69-84.
https://doi.org/10.1016/50304-3800(01)00297-6.

Wu, H.-J,, Lin, Z.-Y., Gao, S.-L., 2000. The application of artificial neural networks in the
resources and environment. Resour. Environ. Yangtze Basin 9, 241-246.

Yang, Y.F., Huang, X.F., Liu, J.K., 1998. Long-term changes in crustacean zooplankton
and waler quality in a shallow, eutrophic Chinese lake densely stocked with fish.
Hydrobiologia 391, 195-203.

Zhang, J., 2012. The impact of water quality on health: Evidence from the drinking water
infrastructure program in rural China. J. Health Econ. 31, 122-134. https://doi.org/
10.1016/j.jhealeco.2011.08.008.

Zhao, Y., Nan, J., Cui, F., Guo, L., 2007. Water quality forecast through application of BP
neural network at Yugiao reservoir. J. Zhejiang Univ. A 8, 1482-1487. https://doi.
0rg/10.1631/jzus.2007.A1482.



Ecological Indicators 100 (2019) 55-68

Contents lists available at ScienceDirect

Ecological Indicators

journal homepage: www.elsevier.com/locate/ecolind

An approach towards quantification of ecosystem trophic status and health = )

Check for

through ecological network analysis applied in Hooghly-Matla estuarine B
system, India
Joyita Mukherjee™*:!, Samya Karan®, Moitreyee Chakrabarty‘, Arnab Banerjee?,
Nabyendu Rakshit®, Santanu Ray™”

@ Systems Ecology & Ecological Modelling Laboratory, Department of Zoology, Visva-Bharati University, Santiniketan 731235, India

® Department of Environmental Science, Vidyasagar University, West Bengal, India

< Department of Conservation Biology, Durgapur Govt. College, West Bengal, India
9 Department of Zoology, K.C. College, Hetampur, Birbhum, West Bengal, India

ARTICLE INFO ABSTRACT

Keywords: The structure and function of food web of Hooghly-Matla estuarine system (HMES) including Sundarban

Static model mangroves is studied to assess the health of the system. HMES, provides shelter and make a home to many

Ecopath economically important shell and fin fishes. This estuary is exposed to various threats such as increasing salinity,

Mangrove deterioration of soil fertility and productivity, pollution and loss of biodiversity. Ecological network analysis

Ei::lg;veb (ENA) is applied for the HMES to model the trophic flows in 22 ecological compartments using Ecopath (a
software for network analysis), integrating ecological data for the 2013-2015. ENA is performed, including a set
of indices, keystoneness and trophic spectrum analysis to describe the contribution of the 22 groups to the HMES
functioning. Results show that 22 compartments of the HMES including primary producers (trophic level TL 1) to
the top consumers (elasmobranch, TL 3.5), the ecotrophic efficiency ranges from 0.016 to 0.989. Small demersal
fishes, prawns, shrimps and crabs are the most exploited groups of this ecosystem. Herbivory and detritivory
ratio is 1:1 indicating relative absence of top predators and low maturation level. Maturity of the system, or-
ganization, relative order and disorder within the system, diversity of flow of material among compartments and
overhead of the system has been assessed. Biomass over Total system throughput ratio (TB/TST), Total primary
production over total respiration ratio (TPP/TR), Total primary production over biomass (TPP/TB) and system
omnivory index (SOI) indicate the moderate maturity level of the system. The HMES trophic network has a
moderate recycling level (FCI = 12.99%), a high total system throughput (TST = 22976.03 tonnes km ~2yr~1)
and a low ascendency (A = 25799 tonnes km~2yr~"), but a relatively low connectance (CI = 0.27), high in-
ternal relative ascendency (A = 29.6%) and a high omnivory index (OI = 0.203), indicating that this estuary is
immature but relatively organized and complex, with strong production. HMES has some unique features in
comparison to similar functioning geographically close estuaries or estuaries with similar environmental char-
acteristics. System robustness and exergy are also estimated to assess ecosystem health and compared with other
tropical systems. From a holistic point of view, present study conveys fundamental information and categorizes
the status of the system.

1. Introduction with abundant food supply for organisms of different trophic levels
(Schelske and Odum, 1962; Teal, 1962; Odum, 1968; Nixon, 1980) and

Estuaries along with its vast biodiversity support extensive fisheries refuge from predation for juveniles of several fish and invertebrate
causing disproportionately high economic values (Blaber et al., 2000) species (Robertson and Blaber, 1993; Paterson and Whitfield, 2000).
and most extensively modified and threatened ecosystems on earth Estuaries serve as important sites for fish, both as nursery and re-
(Costanza et al., 1997; Blaber et al., 2000). Estuarine system endows production grounds and also migration routes. Functioning of estuaries
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engrosses complex interactions among the components of the eco-
system. The estimation of material or energy flow through diverse
compartments of the system and efficiency of energy assimilation,
transfer and dissipation provides an essential insight to reveal the
structure and function of the system (Baird and Ulauowicz, 1993).
Application of thermodynamic and network oriented indicators to
coastal systems could have a powerful tool to assess ecosystem health
and maturity (Vassallo et al., 2006). This study attempts to summarize
and integrate existing trophic structure and to depict a larger picture of
interactions among biological components and their functions in the
ecosystem using a mass-balanced model of HMES.

Stability of the estuarine system comes from the availability of re-
sources for its components and trophic interactions among these com-
ponents (Polis and Strong, 1996). Thus, information on material flow
and trophic structure are fundamental for the understanding of the
persistence of these communities through time (Polis, 1994; Polis and
Strong, 1996). A good number of detailed food web studies have been
done for lakes (Chea et al., 2016; Vander Zanden and Vadeboncoeur,
2002), rivers (Jepsen and Winemiller, 2002) and even large open ocean
areas (Davenport and Bax, 2002; Sherwood and Rose, 2005) and also in
estuaries (Lobry et al., 2008; Scharler and Baird, 2005; Baird et al.,
2004a; Wolff et al., 2000). Generally, estuaries are in stressed condition
due to anthropogenic activities (Diaz and Rosenberg, 2008; Blaber
et al.,, 2000). There is still scope in detailing relationships between
species and among the estuarine community specially, in tropics as a
whole. Inspite of prevalent estuarine systems in tropics, there are only
few of studies food web including network analysis (Patricio et al.,
2004; Scharler and Baird, 2005; Mohamed et al., 2005). Under this
circumstance, we study one important tropical estuarine system em-
phasizing on the system health. Health of an ecosystem is related to its
fundamental attributes, functioning, maturity and stability. These fac-
tors are dependent on the complexity of the system which, in turn,
dependent on the trophic interactions of the food web.

ENA, a cluster of algorithms, with holistic approach towards eco-
system analysis to unravel several system properties is described in
detail by Ulanowicz (1986, 2004), Wulff and Ulanowicz (1989) and Kay
et al. (1989). Several studies have been carried out exploring various
aspects of ecosystem functioning using ENA; such as, trophic models of
the exploited benthic ecosystem (Ortiz and Wolff, 2002), evaluation of
environmental and anthropogenic stress and use of these indices for
ecosystem health management (Tecchio et al., 2015), trophic structure,
function, efficiency and productivity among ecosystem types (Blomberg
and Montagna, 2014), impact of the top predators of the system (Lercari
et al., 2015), species relationships by energy transfers, trophic fluxes,
and assimilation efficiency (de Mutsert et al., 2012), effect of stress on
the structure and functioning of food web (Baeta et al., 2009), general
status and development trends (Duan et al., 2009), assessment of nu-
trient supply and habitat structure (Scharler and Baird, 2005; Baird
et al.,, 2004b) etc. Ecopath model using ENA was first applied by
Christensen and Pauly (1992) to evaluate the maturity among 41
aquatic ecosystems through 31 attribute parameters provided by the
statistics analysis. Ecopath is steady-state trophic model which evokes
transfer of material or energy within the components of ecosystems
(Brey, 2012).

The tidal freshwater areas of estuaries have received little attention
in ecological research although they are often heavily stressed by en-
vironmental impacts. Significant degradation and loss of coastal wet-
lands have been observed due to the establishment of increasing human
populations near lagoons, gulfs and bays (Entsua-Mensah, 2002; Ibe
and Sherman, 2002; Scheren et al., 2002; Wolanski et al., 2004). The
Sundarbans, the lush mangrove vegetation between India and Bangla-
desh, is a unique ecosystem with high biodiversity including the HMES
which is one of the most important estuarine systems in south-east Asia.
HMES has been declared as World Heritage Site by UNESCO in 1985
and in 1989, a Biosphere Reserve in India which carry out a variety of
ecosystem services. Litterfall of mangroves supplies the detritus,
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nutrients and regulates the productivity and is the home for many
economically important shell and fin fishes. Research on HMES have
focused on the biogeochemical cycles (nitrogen and carbon), carbon
flux, phytoplankton assemblage, water quality assessment and man-
grove litterfall dynamics and fish faunal assemblage (Mukherjee et al.,
2013; Roshith et al., 2013; Roy et al., 2012; Hossain et al., 2012; Dutta
et al., 2012; Choudhury and Pal, 2011; Mukhopadhyay et al., 2006; Ray
and Straskraba, 2001). Few works describing partly or whole estuarine
area explaining the present condition of the system have been done
(Ray et al., 2000; Ray, 2008; Ullah et al., 2012). Fishery in this area is at
a stake due to over exploitation, the catch per unit effort (CPUE) and
overall system health is declining as an invariable outcome (Dutta et al.,
2016; Rakshit et al., 2017). Major ecological problems in this area are -
increasing soil and water salinity, subsequent deterioration of soil fer-
tility and productivity, pollution of soil and water ecosystem and loss of
biodiversity. Human society interaction with environment is intense
and natural resource consumption to the extent of overexploitation is
quite common here. Huge discharges of untreated domestic and in-
dustrial effluents, from nearby industries are the major cause of water
pollution at this site. Alterations to and removal of mangrove vegeta-
tion over time has become another threat. This environmentally and
economically important area can step towards an uncertain future if
proper solutions are not taken into consideration. Therefore, the ob-
jective of this study are (1) construct a steady-state trophic model of
HMES to reveal the trophic interactions among the compartments
within this system through ENA, (2) analyze the ecosystem maturity
and trophic functioning using an ecosystem characterization index re-
sulting from network analysis, (3) to assess the health of this ecosystem.

2. Method
2.1. Study site

The HMES, the first deltaic offshoot of the Ganges lies approxi-
mately between 21°31’-23°20’ N and 87°45-88°45’ E. This tropical
coastal estuary with its lush mangroves is shared between two countries
- India and Bangladesh. The Indian part of HMES is shown in Fig. 1. The
area considered for the study is from Diamond harbour to the coastal
areas of Bay of Bengal along coastline of West Bengal state of India.
Data on fish catch has been collected from fishing stations of Diamond
harbor, Kakdwip, Namkhana, Bokkhali, Frasergunj.

2.2. Overview of ecopath model

A potential key to understand ecological complexity is to apply
ecosystem approach which considers all species in the system, the food
web along with all flows and processes. The static modelling approach
has been considered using Ecopath as a tool to understand the food web
of the system, taking important functional groups from each of the
trophic level. Static modelling approaches employ a series of linear
equations to estimate values of all flows taking place in a system, which
can then be analyzed with ENA indices. Ecopath is modelling software
which captures a static mass balanced snapshot of the whole system
(Christensen and Pauly, 1993; Christensen et al., 2005). The algorithm
of Ecopath is based on parameterization of the two master equations
known as:

(1) Production = catch + predation + net migration + biomass accu-
mulation + other mortality;
(2) Consumption = production + respiration + unassimilated food,

It can be simplified and expressed as follows (Christensen et al.,
2005):
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Table 3
System attributes and important ratios of HMES.

Parameters Value Unit

Sum of all consumption 9468.333 t/km?/yr

Sum of all exports 1346.267 t/km?/yr

Sum of all respiratory flows 6032.349 t/km?/yr

Sum of all flows into detritus 6129.079 t/kmz/yr

Total system throughput 22976.03 t/km?/yr

Sum of all production 10702.32  t/km%/yr

Mean trophic level of the catch 2.347

Calculated total net primary production 9160 t/km?/yr

Total primary production/total respiration 1.51848

Net system production 3127.651 t/km?/yr

Total primary production/total biomass 28.28844

Total biomass/total throughput 0.01409326 /year

Total biomass (excluding detritus) 323.8072 t/km?

Throughput cycled (excluding detritus) 759.41 t/km?/yr

Predatory cycling index 7.09 % of throughput without
detritus

Throughput cycled (including detritus) 2984.02 t/km?/year

Tinn's cycling index 12.99 % of total throughput

Finn's mean path length 3.114

Ascendency 25799.0 flowbits

Overhead 61478.3 flowbits

Developmental capacity 87277.2 flowbits

Average mutual information 1.123

Shanon’s diversity index 3.799

pedigree routine for the EWE model. The current model has a pedigree
index of 0.567 with a measure of fit 3.0 which shows that the model is
reliable with a high level of confidence.

3.3. Ecosystem properties and ENA indices

The statistics routine of Ecopath and flow indices list all the eco-
system attributes (Christensen et al., 2005; Lindeman, 1942; Ulanowicz,
1986) for the HMES in Table 3. The total system throughput of the
estuarine ecosystem has reached 22,976.03tkm~2y~!, of which
41.20% derived from consumption, 5.85% from exports and 26.25%
from respiration with 26.67% eventually flowing into detritus. The
values of ascendancy and overhead are 29.6% and 70.4% respectively
for HMES (Table 3).

3.4. Ecosystem health assessment

3.4.1. Robustness

For HMES, the robustness curve demonstrates that the robustness
value for the system is near the apex (“window of vitality”, Ulanowicz
et al., 2009) if we compare that with the hypothetical curve.

3.4.2. Exergy

Table 5 (see appendix) lists the relative 3 values for different or-
ganisms proposed by Jgrgensen (1997). It is applied to calculate the
exergy of the system. Using the f values listed in Table 5 and the tonnes
km ™2 biomass in Table 2 following exergy of the each compartment of
the system is obtained expressed as g detritus equivalents m? (Ap-
pendix 1, Table 5). Total exergy of the system is 20192.16315 gm
detritus equivalents m 2 and specific exergy is 58.05563783.

4. Discussion
4.1. HMES trophic structure

Salient features of ecosystem such as maturity, organization, fun-
damental processes involved with material and energy transfer can be
determined by static modelling of a system using Ecopath as a tool. In
the current study, data obtained from published literature with models
having similar consumer organisms (Mustafa, 2003; Ullah et al., 2012;
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Vivekanandan et al., 2003; Mohamed and Zacharia, 2009) and also
from direct field observations. Pedigree index and the associated ‘t’
measurement reveals the uncertainty of the data used for the model and
the results are quite acceptable when compared to the pedigree value of
other Ecopath models. Additionally, the model also makes out the im-
portance to bridge in data gaps and highlights the requirement to
progress knowledge about specific parts of the system. For instance, the
microbial and microphytobenthos compartments, which could be im-
perative for the trophic structure and symbolize high biomass (Abarca-
Arenas and Ulanowicz, 2002; Rybarczyk et al., 2003), are not measured
in the model. In spite of the problem of merging bacteria with detritus,
bacteria is allocated to the detritus compartment here, as suggested by
Christensen and Pauly (1992) and practiced by numerous authors.

All the eleven fish groups in HMES having the total biomass
50.94 tonnes km >y ' and shows EE values towards the higher range
(> 0.5). Five fish groups have trophic level higher than 3. High pre-
dation pressure of the top predators poses a high exploitation rate to the
middle trophic layer, such as zooplankton, prawns, benthic herbivore
having EE values 0.951, 0.95, 0.814 respectively. This highly exploited
middle layer gives less grazing pressure to the primary producers level
as evident from low EE values of this level. This exerts top down effect
in the system. The high exploitation of fish groups due to fishing
pressure in this region because of high market value of this resource and
this region serves as one of the most economically important export
stations in south-east Asia. Though mangroves have the largest in-
dividual biomass among all the other components of the estuarine
trophic structure, is not utilized in efficient manner by the consumers as
evident from EE values. It may be due to the difficulty of successful
utilization of live individuals (Christensen et al., 2005). It might also be
an indication of non-availability of their predators in the ecosystem or
in the model. Though crabs feed on the fallen leaves of the mangroves
and the dead and decayoing parts mainly contribute to the detritus pool
of the system (Mukherjee et al., 2013). EE value implies low exploita-
tion of some fish groups (small demersal, medium demersal) which
belong to the higher trophic levels. This may be due to the fact that
export of these groups (via fishing) is not beneficial to the fishermen
and is thus unusual.

High predation pressure of top predators (mostly by many fish
groups) exerts on middle trophic groups. Due to top-down effects the
biomass of these middle groups decrease and in turn the biomass of
primary groups (lower trophic levels) increase. However, external
pressure such as overfishing on top predators balances this condition
and maintains the normal functioning of this system.

In present study, it is specified that both gazing pathway as well as
detrital pathway are almost equally important in this estuary (consider
the similar EE values for primary producers (except mangroves) and the
detritus group). This fact is to some extent contradictory to most
available literature where the detrital pathway is of higher importance
(Fig. 3). But the transfer efficiencies (TE) varied greatly between the
successive trophic levels. The initial values of TEs increase from TL-II to
TL-III, towards the higher trophic levels. The TE between trophic level 1
(TL-D) and trophic level 2 (TL-II) of ecosystems is higher whereas, much
food is available for TL-III. TE from primary producers is 8.8% whereas
from detritus is 8.6%. TE put forward an example of low herbivore
transfer efficiencies, higher efficiencies on trophic level 3 and lower
efficiencies at the higher levels. Most of the production may not be
originated from phytoplankton but also from the mangroves whose
energy is only available to its consumer after decaying into detritus
(Patricio and Marques, 2006). This kind of TE has already been seen in
different systems (Christensen and Pauly, 1992; Baird and Ulanowicz,
1989). The mean transfer efficiency among different trophic levels of
the ecosystem is 8.6% in our study, slightly lower than the 10% pro-
posed by Lindeman (1942), but lying within the acceptable range of EE
values reported in the published literature (Libralato et al., 2008; Pauly
and Christensen, 1995). Among all groups of HMES, the maximum
primary production is required by medium benthopelagic fish, followed
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ABSTRACT

the athlete is becoming to serve the organization.

Sports and Physical activity is linked solely to the sport at schools, colleges, universities and leisure activities, undermining its
contribution to a number of other processes and activities. For example, sport is closely linked to education, tourism, health and
entertainment. Each of the above has made up a major role in the national economy. Entertaining people during their time off
from work as always been a primary role of both participation and spectator sports. Although in the past sport entertainment was
usually casual & relaxed, today's sport is often organized, mechanized, marketed and administered as a business. Commercial
interest influenced virtually every decision in sports. Events are rated by television audience share, tickets sales, website hits,
concession sales, sponsor revenue and media coverage. Wins and losses are important because they influence all of these
standards of measurement. As sport in growing more into business, the corporate model is entering into the organization of every
sport entity and governing body. Athletes are encouraged to provide their services for the good of the larger entity, to contribute
to the bottom line. Coaches are becoming the supervisors of athletes who are sometimes asked to go against their personal
choices for the better good of the team or organization. As the sports industry in growing in economic power, it is also attaching
commercial interests who could benefit from that power by influencing its organization. As the industry is developing, the role of

INTRODUCTION:

Sports economic is a discipline of economics focused on its
relationship to sports. It covers both the ways in which economists
can study the distinctive institution of sports and the ways in which
sports can allow economists to research many topics, including
discrimination and antitrust law. The theoretical foundations of
the discipline are heavily based on micro economics. Sports
economics modules offer a range of transferable and specific skills
that can be applied to a range of role opportunities, particularly in
the ever growing sports and leisure industries, local government &
tourism. Sports economics possesses substantial experience in
economic consulting to the sports industry, with specific
knowledge of the economic impact of facilities, event, and teams
so considering the publicity and scrutiny surrounding such studies,
it is imperative to select a firm that not only has substantial
experience, but also has a reputation for consistently providing an
accurate assessment of economic impact. Economists and
scientists have widely studied the sports role in economic growth
as well as the importance of sport for people's physical activity
promotion. However in the light of the growing role of sport in
economic processes, it is necessary to do an in depth study for
theoretical aspects of sports economics. Many people love sport.
Thus, sports economics provides an opportunity to analyze some
key economic concepts can be used to analyze and understand the
role that economics incentives play in determining the behavior of
controlling bodies, leagues, clubs, players, fans, sponsors, the
media and government.

HISTORY OF SPORTS ECONOMICS:

Throughout human history, many societies has used sport as form
of public entertainment. However never before has commercial
sports been as pervasive as it is in contemporary industrial society.
Money is the motivator of athletes. Players and owners give their
primary allegiance to money rather than to play. Playing for high
monetary stakes is existing for funs too. Television money dictates
schedules, the timing of time outs, and even controls what sport
casters say. Super athletes can become millionaires.

Modern sport is corporate sport. The original purpose of sport —

pleasure in the activity has been lost in the process. Sports has
become work. Sports has become the product of publicity agents
using super hyper methods. Money has superseded the content as
the ultimate goal.

Eitzen's statement emphasizes the notion that commercialization
has changed sport dramatically. We will focus on four topics.

1) The factors contributing to the emergence and growth of
commercial sport.

2) The effects of commercialization on the form and content of
sport.

3) Thelegalstatus and incomes of athletes.

4) The owners and sponsors of commercial sports we know that
whenever any sport is converted into a form of commercial
entertainment, success depends on its man's appeal.
Although spectators are adverse group with a variety of
motives underlying their attachments to sport, their interestin
any sports event are usually related to a combination of three
factors:

(I) Theuncertainty of the event's outcome,

(i) The risk or the financial rewards associated with the
involvement of the athletes and

(iii) The display of excellence or heroics by the athletes. In other
words, when spectators refer to a 'good game' they are
usually referring to one in which the outcome was in doubt
until the very end of the consist, one in which the stakes were
so high that the athletes were totally committed to end
engrossed in the action, or one in which there were a number
of excellent or heroic performances.

When an event is characterized by all three of these factors it is
likely to be discussed and remembered for a long time. It
spectators are attracted by uncertainly, high stakes, and
noteworthy performances, the commercialization of sport is
bound to create certain changes.

This fact has led to the question of whether commercialization
corrupts sport or whether it simply changes sport in ways that
make it available to a greater number of players and spectators.

IMPORTANCE OF ECONOMICS IN SPORTS
Now-a-days sports are evaluated in terms of gate receipts and
revenues from the sale of concessions, licensing fees,
merchandise, and media rights. Games and events are evaluated in
terms of market share, ratings points, and advertising potential.
Athletes are evaluated in terms of endorsement potential and on-
camera image, their very popularity may depend on their ties to
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corporate names and logos. Stadiums, teams and athletic events
now are named are larger corporations rather than historical
figures and places with local meaning. Corporate interests
influence everything from the choice of team colours to the times
events are scheduled and the ways they will be covered by the
media. In fact, media companies own a growing number of sport
teams and sponsor more and more events. Sports are now
corporate enterprises, integrally tied to marketing concerns and
processes of global capitalist expansion. The names of
transnational corporations have become synonymous with the
athletes, events, and sports that provide pleasure in peoples live.
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Seven Sectors of the Sports Economy

National income accounting provides the framework for the
suggested analysis, consistent with the National Accounts. It
allows for a division of the sports economy into these seven
sectors.

Consumers - including the personal or household sector. This
shows mainly sports related expenditure, like spending on sports
clothing and footwear.

Commercial sport sector — including sports good manufacturers
and retailers. We classify companies such as Nike and professional
football clubsin this sector.

Commercial non-sport sector — including suppliers for the
production of sport-related goods and services. This sector
includes companies that don't provide a sport product, but assist
through the supply of inputs or revenue for production.

Voluntary sector - including non-profit making sport
organizations such as amateur clubs run by their participants.
Identifying the income and expenditure flows towards voluntary
clubsisanimportant elementin the economic assessment.

Local Government — including income from local government
sport facilities, sports-related grants from central government and
rates from the commercial and voluntary sector. It expenses wages
forlabour and grants to the voluntary sector.

Central Government - including taxes grants and wages on
sport related activities.

SPORTS
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Twelve ways of sports —make a positive impact.
Economiclmpact

Jobs

National Unity

City Pride

Role Models

Helping Kids Get Active

Employment Outlook

Community Relations

Make a Wish
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k. Team & Player Foundations
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Effects of Sports on Indian Economy over the past two decades
there has been increased competition among cities, regions and
countries to host mega sporting events. Therefore Government
and other proponent's of major sporting events usually seek to
back up their claims of the event providing an economic boost by
commissioning an economic impact statement.

Hosting a sport event has revealed a number of benefit in our
communities and of those benefits, some reasons like increasing
community visibility, positive psychic income, and enhancing
community image are all common and acceptable postulations.
Economic impact in sporting events can be defined as the net
change in an economy resulting from a sport event and the change
is caused by activity involving the acquisition, operation,
development and use of sport facilities and services which in turn
generate visitor's spending, public spending, employment,
opportunities and tax revenue. In study of economic impact
expenditure can be categorized as direct, indirect and induced
effects.

Economic Benefits of Promoting Sports

Sports is divided into play, game physical activity, medical
treatment, rehabilitation & competition targets everyone &
everybody, regardless of gender, age, religion, race, social status
teaches ethics, discipline fair play, pride, dignity & honor. It is a
source of fun, enjoyment, recreation & relaxation. It is a tool for
democracy, freedom & equality encompasses the entire
population of a nation. It is like religion, the opium of the people
induces a sense of patriotism & unity. It is a prime factor in
decreasing chances of heart disease, Alzheimer & Parkinson's,
Reduces mental instability. As sport as a concept is quite vast, it is
not very easy to define it, yet an academic definition on which all
would agree, is that sport is a form of involvement, it is a
recreational activity, a social institution and a cultural product. In
short, sport is a social phenomenon that brings together peoples
and nations under unity, patriotism and moral values.

CONCLUSIONS:

In current scenario economic impact studies have become
standard operating procedure for supporters of public funding for
sports events. It has led to acceptance of their findings by the
government and public due to their prevalence with no critical
evolution. Entertaining people during their time off from work has
always been a primary role of both participation and spectator
sport. Although in the past sport entertainment was usually casual
and relaxed, today's sport is often organized, mechanized,
marketed, and administered as a business commercial interests
influence virtually every decision in sports. Events are rated by
television audience share, tickets sales, concession sales, sponsor
revenue and media coverage. Wins and losses are important
because they influence all of these standards of measurement. As
sport is growing more into a business, the corporate model is
entering into the organization of every sports entity and governing
body. Athletes are encouraged to provide their services for the
good of the larger entity, to contribute to the bottom line; coaches
are becoming the supervisors of athletes, who are sometimes
asked to go against their personal choices for the better good of
the team or organization.
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