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ABSTRACT 
Parmenides was a prominent Pre-Socratic thinker belonged to Eleatic school. He used the phrase what is instead 

of being in his philosophy to define the ultimate reality. It is one, unique, a unity, intelligible, eternal, infinite, 

motionless, changeless, indivisible, etc. On the contrary the phenomenal world and its existing things were 

opposite in nature of being. Both what is and the existing things of the phenomenal world cannot be real 

simultaneously. So, there is a dichotomy between these two concepts. The aim of the present study is to provide 

a possible rational solution of this dichotomy. The critical method mainly used in the present study. 

Simultaneously the help of the method of deductive and analytic also taken. The solution of the concerned 

subject proposed from the perspective of epistemology.     
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Parmenides, son of Pyres, is a citizen of Hyele, Elea. He is a pre-Socratic philosopher belongs 

to Eleatic School, born about 504-500 B.C. Parmenides leaves a number of fragments on multiple 

subjects, such as psyche, heavenly bodies, etc. However, the present discussion does not emphasis on 

these concepts rather than his concept of what is or being or reality. Parmenides does not use the term 

Reality or Being in the extant fragments but what is. Later the several authors use the term being or 

reality instead of what is. Parmenides sets his theory of being against the Heraclitus’s theory of 

Impermanence.  Before going to discuss the main theme of this paper is relevant to mention that he 

does not designate any particular physical thing as the referent of the phrase what is. However, all the 

pre-Socratics do not as follow as Parmenides. “Atomists, clearly referring to the doctrine of 

Parmenides, identify Being with the body…” (Zeller, 1881: 590).  His ancestors, the monist Milesian 

thinkers and his subsequent, the pluralist Milesian thinkers and the Greek Atomists also discuss over 

this issue. The monist Milesian thinkers consider ‘single’ physical element as the ultimate reality of 

everything. However, everyone does not regard the same as the ultimate reality. It changes from 

thinker to thinker, such as- Thales regards the water, Anaximenes regards the air and Heraclitus 

regards the fire as an ultimate reality of all. Moreover, they explain the multiplicity of the visible 

world in terms of ultimate reality.  

Parmenides is quite different from his predecessors concerning this subject. However, little 

bit similarities get find between the concept of being of Parmenides and Anaximender. Both 

Parmenides and Anaximender consider the being is one, eternal, infinite in space etc. Anaximander, a 

Milesian philosopher nonetheless his concept of being differentiates him from other monist Milesians. 

It is true he also explain the visible world like other Milesians. However, he does not specifically 

consider any particular element such as- air, fire etc. as being as other Ionians. This is why he is 

different from other Milesians. He just says the being is boundless. It is common for both Parmenides 

and Anaximender that they do not refer any particular corporeal thing by the mentioned terms. So it 

would be reasonable, if no body ascribes the characteristics of Apeiron and what is to any particular 

thing. 

In this regards somebody may ask that Parmenides does really influence by the 

Anaximander’s concept of being. It is very difficult task to find out the certain answer of this 

question. Perhaps Parmenides partly influences by Anaximander’s theory of being. Anaximander 

believes the phenomenal world as well as all the existing things of the world is the product of 
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ABSTRACT

It is well known that coral reefs are at a high risk of destruction from terrestrial runoff, various

anthropogenic activities and pollution in marine ecosystem. The growth of coral reef and

macro algae depend on the activities of herbivores on it. Here, we introduce a mathematical

model to explain the effect of activities of herbivores on growth of coral reef and macro

algae in a coral reef ecosystem and investigate the time dependent sensitivity index of

parameters on different species.A detailed analysis of the model reveals that the system

undergoes a Hopf-bifurcation when the rate of decline of herbivorous fishes pass through

its critical value. Competition for space and light between coral and algae in herbivore free

system is derived conducting analytical study of the model and coexistence between corals

and algae is also illustrated using numerical simulations.

Keywords: Hopf-bifurcation, Competitiveness, Sensitivity analysis, Sensitivity index, Co-

existence.

2000 Mathematics Subject Classification: 92B05, 37N25.

1 Introduction

Coral reefs are one of the most diverse ecosystems in the world and also provide a well-

studied example of a Complex ecosystems with nonlinear interactions. Corals occupy less

than 0.2% of the sea floor. Yet they cover more than 150,000 kilometers of coastline spread

across more than 100 countries and territories. More than 275 million people live within 10

kilometers of the coast and within 30 kilometers of the coral ecosystem. One-eighth of the

worlds population, about 850 million people live within 100 kilometers of the coral ecosys-

tem and can take advantage of the ecological services provided by the coral reefs (Cinner,
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McClanahan, Daw, Graham, Maina, Wilson and Hughes, 2009; Burke, Reytar, Spalding and

Perry, 2011; Costanza, De Groot, Sutton, Van der Ploeg, Anderson, Kubiszewski, Farber and

Turner, 2014). However, today the coral reefs are in great danger, as they are on the verge of

extinction for a variety of reasons that have resulted in the loss of about 50% of coral reefs

since the early 1980s (Bruno and Selig, 2007; Côté, Gill, Gardner and Watkinson, 2005).

One of the important reasons causing loss of corals is the anthropogenic stresses. Con-

ditions arising out of anthropogenic activities such as climate change, pollution, sedimenta-

tion, and the overexploitation of fish stocks are the primary causes of reef degradation over

the last several decades (Hoegh-Guldberg, Mumby, Hooten, Steneck, Greenfield, Gomez,

Harvell, Sale, Edwards, Caldeira et al., 2007; Keller, Gleason, McLeod, Woodley, Airamé,

Causey, Friedlander, Grober-Dunsmore, Johnson, Miller et al., 2009). Overfishing of herbiv-

orous fishes or eutrophication of seawater, which changes the local environment of the coral

reefs into an environment that are more suitable for macroalgae to grow than that for corals,

may cause the phase shift from coral- to macroalgae-dominated communities (Pal and Bhat-

tacharyya, 2017; Hughes, 1994; Bellwood, Hughes, Folke and Nyström, 2004). Existence

of hysteresis through saddle node bifurcation and trascritical bifurcation is also observed in

coral reef ecosystems in presence of micro algal toxicity and overfishing (Bhattacharyya and

Pal, 2015; Pal and Bhattacharyya, n.d.). Since microalgae are superior space competitors

than corals macroalgae overgrow corals where the conditions are favorable for the growth of

macroalgae in a reef (Box and Mumby, 2007). The largest group of coral reef fishes that feed

on microscopic and macroscopic algae include parrotfishes, damselfishes, rabbitfishes, and

surgeonfishes. So, the presence of these herbivorous fishes in the reef ecosystem in turn

helps in creating favorable condition for the growth of corals. In addition, harvesting of invasive

Pterios volitans is also considered to be an important factor to maintain the stability of the coral

reef ecosystem (Maji, Bhattacharyya and Pal, 2016).

Competition for space and light are two important factors that determine the structure and com-

position of Benthic communities on coral reefs (Lang and Chornesky, 1990; Karlson, 2002).

Competitive superiority of algae due to reduced herbivory and increased nutrient availability

results into degradation of coralreef ecosystem. Specially, competition between hard corals

and benthic algae becomes a very important factor during Phase shift, where macroalgae be-

come dominant over reef building corals in coral reefs that were previously dominated by reef

building corals (McCook, 1999; Ansell, Gibson, Barnes and Press, 1998; LaPointe, 1989).

We have constructed a model which have been highlighted through out the manuscript. In

this model, we have taken three species i.e algae, herbivores and corals, where growth of

algae and corals follow logistic growth rate (Solomonovich, Bica, Gao and Hailu, 2018) and

herbivores feed on algae (Tolentino-Pablico, Bailly, Froese and Elloran, 2007; Kopp, Bouchon-

Navaro, Cordonnier, Haouisée, Louis and Bouchon, 2010) following Holling type-II functional

response.

The rest of this manuscript is as follows. In the next section, we have formulated the model.

The mathematical properties of the model is demonstrated in section-3. In section-4, the

system undergoes a Hopf-bifurcation when the number of herbivores decline. In section-5,
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पाणिनिनिकाये अधिकारविमर्शः
उदय शंकर खाटुया

संक्षिप्तसारः
प्राचीनपरम्परानुसारं स्वल्पाक्षरता1 हि  सूत्राणामन्यतमं वैशिष्ट्यम।् अर्थस्य परिवर्तनं विनैव पदैः वर्णैः वा सूत्राणा ं
संक्षेपीकरणे  वैयाकरणःै अवलम्वितषे्वुपायेषु अधिकारोऽन्यतमः । अतः अधिकारसूत्राणा ं सम्यगनुशीलनं विना 
तदधिकृतसूत्रार्थानुधावनमसम्भवम ् एव । वस्तुतः अधिकारो अनुवतृ्तिश्चेति अष्टाध्याय्याः द्वौ पादौ, ययोरुपरि 
समग्रा अ दण्डायमाना । पदाना ंपुनरावतृ्तिवारणपूर्वकं  सूत्रसंक्षेपीकरणे सूत्रार्थाववोधने, विषयस्य विषयान्तरेभ्यः 
पृथकीकरण ेच अधिकाराणा ं  भूमिका अपरिमेया। नन ुकिस्वरूपकोऽयम ्अधिकारः, सूत्राणाम ्अधिकारत्वं  
कथं ज्ञायते , तेषा ंसूत्राणा ं कियान ्व्याप्तिः,  अधिकारसूत्राणाम ्अनवुृत्तिप्रकारानसुारं विभागः, परिभाषा-
अधिकारयोः पार्थक्यम ्इत्यादिविषयाः अस्मिन ्शोधपत्रे सूक्ष्मेक्षिकया आलोचिताः ।

प्रमुखशब्दाः – अधिकारः, अधिकारसूत्रपरिज्ञानोपायः, अनुवृत्तिः, अधिकारप्रकारः, 
अधिकारपरिमाणं

शब्दसंकेतः
अ  = अष्टाध्यायी, वै.सि.कौ = वैयाकरणसिद्धान्तकौमुदी, का.व ृ=  काशिकावतृ्तिः
म.भा =  महाभाष्यम्

भमूिका
“अर्धमात्रालाघवेन पुत्रोत्सवं मन्यन्ते वैयाकरणाः” इति प्रसिद्धा व्याडिकृता उक्तिः 

वैयाकरणाना ं लाघवप्रियत्वमुद्घोषयति । वस्तुतः व्याकरणानि लक्ष्य-लक्षणात्मकानि- 
“लक्ष्यलक्षणे व्याकरणम”् इति सूचितं महाभाष्ये पस्पशाह्निके। लक्ष्यं  खलु शब्दः लक्षणं त ु
सूत्राणि ।सूत्राणा ंसंक्षेपात्मकत्वस्य  लघुत्वस्य च इष्टत्वात ्पाणिन्यादिभिः ऋषिभिः वर्णैः शब्दैश्च 
संक्षेपकरण ेप्रयासः विहितः। सूत्राणा ंषड्विधत्वं  तु प्रसिद्धमेव । तदचु्यत-े (गोयीचन्द्रकृताया ं
संक्षिप्तसारटीकाया)ं

1 स्वल्पाक्षरमसन्दिग्धं सारवद्विश्वतोमुखम ्।अस्तोभमनवद्यं  च सूत्रं  सूत्रविदो विदःु।। (मुग्धबोधस्य  संज्ञापादे , 
प्रमोदजननीटीकाया)ं। अल्पाक्षरमसन्दिग्धं सारवद्गूढनिर्णयम ्। निर्दोषं हतेमुत्तुल्यं  सूत्रमित्युच्यत ेबुधःै।। (श्रीगुरुनाथविद्या
निधिभट्टाचार्यसम्पादितस्य कातन्त्रव्याकरणस्य (पूर्वार्द्धम)् भूमिकायाम ्। तथा कातन्त्रस्य प्रथम ्सूत्रस्य कविराजटीकायाम ्
वररुच्यक्तत्वेन उद्धृतम।्
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