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Description: This course is intended to give the students a thorough knowledge of the concept of 

ecology with reference to autecology and synecology. Concept of ecosystem involving food 

chain, web among interacting ecological groups such as hydrophytes, halophytes, xerophytes, 

epiphytes and mesophytes.  

 

Prerequisites: Students should be familiar with the basic knowledge of Plants interactions with 

the biotic and abiotic factors of the environment. 

 

Assignments: We expect to have 2 individual homework assignments throughout the course in 

addition to a Mid-Term Test and a Final Exam. Home works are due at the beginning of the class 

on the due date. Home works are organized and structured as preparation for the midterm and 

final exam, and are meant to be a studying material for both exams. There will also be a field trip 

on plant collection and identification. 

 

Grading: We will assign 10% of this class grade to home works, 10% for the projects, 10% for 

the mid-term test and 70% for the final exam. The Final exam is comprehensive. 

 

Textbook: The recommended textbook for this class is as stated:  

Title: Botany for degree Student 

Authors: A. C. Dutta 
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Publisher: Oxford University Press  

Year: 2005 

 

Title: Principles of Botany 

Authors: Uno, G, R Storey, R Moore 

Publisher: McGraw Hill Higher Education 

Year: 2001 

 

Lectures: Below is a description of the contents. We may change the order to accommodate the 

materials you need for the projects.  

 

Ecology 

Ecology is the scientific study of interactions among organisms and their environment. It is an 

interdisciplinary field that straddles biology, geography, and Earth science. Objects of study 

include interactions of organisms with each other and with abiotic components of their 

environment. Topics of interest include the biodiversity, distribution, biomass, and populations 

of organisms, as well as cooperation and competition within and between species. Ecosystems 

are dynamically interacting systems of organisms, the communities they make up, and the non-

living components of their environment. Ecosystem processes, such as primary production, 

pedogenesis, nutrient cycling, and niche construction, regulate the flux of energy and matter 

through an environment. These processes are sustained by organisms with specific life history 

traits. Biodiversity means the varieties of species, genes, and ecosystems, enhances certain 

ecosystem services. 

Themes of ecology:  

Autecology: also called Species Ecology, is the study of the interactions of an individual 

organism or a single species with the living and nonliving factors of its environment. Autecology 

is primarily experimental and deals with easily measured variables such as light, humidity, and 
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available nutrients in an effort to understand the needs, life history, and behaviour of the 

organism or species.  

Synecology: Community ecology, study of the organization and functioning of communities, 

which are assemblages of interacting populations of the species living within a particular area or 

habitat. As populations of species interact with one another, they form biological communities. 

The number of interacting species in these communities and the complexity of their relationships 

exemplify what is meant by the term “biodiversity” Structures arise within communities as 

species interact, and food chains, food webs, guilds, and other interactive webs are created. 

These relationships change over evolutionary time as species reciprocally adapt to one another 

through the process of coevolution.. 

Ecologists seek to explain: 

 Life processes, interactions, and adaptations 

 The movement of materials and energy through living communities 

 The successional development of ecosystems 

 The abundance and distribution of organisms and biodiversity in the context of the 

environment. 

Ecology has practical applications in conservation biology, wetland management, natural 

resource management (agroecology, agriculture, forestry, agroforestry, fisheries), city planning 

(urban ecology), community health, economics, basic and applied science, and human social 

interaction (human ecology). For example, the Circles of Sustainability approach treats ecology 

as more than the environment 'out there'. It is not treated as separate from humans. Organisms 

(including humans) and resources compose ecosystems which, in turn, maintain biophysical 

feedback mechanisms that moderate processes acting on living (biotic) and non-living (abiotic) 

components of the planet. Ecosystems sustain life-supporting functions and produce natural 

capital like biomass production (food, fuel, fiber, and medicine), the regulation of climate, global 

biogeochemical cycles, water filtration, soil formation, erosion control, flood protection, and 

many other natural features of scientific, historical, economic, or intrinsic value. 
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The word "ecology" was coined in 1866 by the German scientist Ernst Haeckel. Ecological 

thought is derivative of established currents in philosophy, particularly from ethics and politics. 

Ancient Greek philosophers such as Hippocrates and Aristotle laid the foundations of ecology in 

their studies on natural history. Modern ecology became a much more rigorous science in the late 

19th century. Evolutionary concepts relating to adaptation and natural selection became the 

cornerstones of modern ecological theory. 

Levels, scope, and scale of organization 

The scope of ecology contains a wide array of interacting levels of organization spanning micro-

level (e.g., cells) to a planetary scale (e.g., biosphere) phenomena. Ecosystems, for example, 

contain abiotic resources and interacting life forms (i.e., individual organisms that aggregate into 

populations which aggregate into distinct ecological communities). Ecosystems are dynamic, 

they do not always follow a linear successional path, but they are always changing, sometimes 

rapidly and sometimes so slowly that it can take thousands of years for ecological processes to 

bring about certain successional stages of a forest. An ecosystem's area can vary greatly, from 

tiny to vast. A single tree is of little consequence to the classification of a forest ecosystem, but 

critically relevant to organisms living in and on it. Several generations of an aphid population 

can exist over the lifespan of a single leaf. Each of those aphids, in turn, supports diverse 

bacterial communities. The nature of connections in ecological communities cannot be explained 

by knowing the details of each species in isolation, because the emergent pattern is neither 

revealed nor predicted until the ecosystem is studied as an integrated whole. Some ecological 

principles, however, do exhibit collective properties where the sum of the components explain 

the properties of the whole, such as birth rates of a population being equal to the sum of 

individual births over a designated time frame.  

Habitat 

The habitat of a species describes the environment over which a species is known to occur and 

the type of community that is formed as a result. More specifically, "habitats can be defined as 

regions in environmental space that are composed of multiple dimensions, each representing a 

biotic or abiotic environmental variable; that is, any component or characteristic of the 
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environment related directly (e.g. forage biomass and quality) or indirectly (e.g. elevation) to the 

use of a location by the animal. For example, a habitat might be an aquatic or terrestrial 

environment that can be further categorized as a montane or alpine ecosystem. Habitat shifts 

provide important evidence of competition in nature where one population changes relative to 

the habitats that most other individuals of the species occupy. For example, one population of a 

species of tropical lizards (Tropidurus hispidus) has a flattened body relative to the main 

populations that live in open savanna. The population that lives in an isolated rock outcrop hides 

in crevasses where its flattened body offers a selective advantage. Habitat shifts also occur in the 

developmental life history of amphibians, and in insects that transition from aquatic to terrestrial 

habitats. Biotope and habitat are sometimes used interchangeably, but the former applies to a 

community's environment, whereas the latter applies to a species' environment.  

Additionally, some species are ecosystem engineers, altering the environment within a localized 

region. For instance, beavers manage water levels by building dams which improves their habitat 

in a landscape. 

Niche 

The ecological niche is a central concept in the ecology of organisms and is sub-divided into the 

fundamental and the realized niche. The fundamental niche is the set of environmental 

conditions under which a species is able to persist. The realized niche is the set of environmental 

plus ecological conditions under which a species persists. The Hutchinsonian niche is defined 

more technically as a "Euclidean hyperspace whose dimensions are defined as environmental 

variables and whose size is a function of the number of values that the environmental values may 

assume for which an organism has positive fitness 

Biome 

Biomes are larger units of organization that categorize regions of the Earth's ecosystems, mainly 

according to the structure and composition of vegetation. There are different methods to define 

the continental boundaries of biomes dominated by different functional types of vegetative 

communities that are limited in distribution by climate, precipitation, weather and other 
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environmental variables. Biomes include tropical rainforest, temperate broadleaf and mixed 

forest, temperate deciduous forest, taiga, tundra, hot desert, and polar desert.. Other researchers 

have recently categorized other biomes, such as the human and oceanic microbiomes. To a 

microbe, the human body is a habitat and a landscape. Microbiomes were discovered largely 

through advances in molecular genetics, which have revealed a hidden richness of microbial 

diversity on the planet. The oceanic microbiome plays a significant role in the ecological 

biogeochemistry of the planet's oceans.  

Biosphere 

The largest scale of ecological organization is the biosphere: the total sum of ecosystems on the 

planet. Ecological relationships regulate the flux of energy, nutrients, and climate all the way up 

to the planetary scale. For example, the dynamic history of the planetary atmosphere's CO2 and 

O2 composition has been affected by the biogenic flux of gases coming from respiration and 

photosynthesis, with levels fluctuating over time in relation to the ecology and evolution of 

plants and animals.  

Food webs 

The simplified linear feeding pathways that move from a basal trophic species to a top consumer 

is called the food chain. The larger interlocking pattern of food chains in an ecological 

community creates a complex food web. Food webs are a type of concept map or a heuristic 

device that is used to illustrate and study pathways of energy and material flows. Food webs are 

often limited relative to the real world. Complete empirical measurements are generally 

restricted to a specific habitat, such as a cave or a pond, and principles gleaned from food web 

microcosm studies are extrapolated to larger systems. Feeding relations require extensive 

investigations into the gut contents of organisms, which can be difficult to decipher, or stable 

isotopes can be used to trace the flow of nutrient diets and energy through a food web. Despite 

these limitations, food webs remain a valuable tool in understanding community ecosystems.  

Food webs exhibit principles of ecological emergence through the nature of trophic relationships: 

some species have many weak feeding links (e.g., omnivores) while some are more specialized 
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with fewer stronger feeding links (e.g., primary predators). Theoretical and empirical studies 

identify non-random emergent patterns of few strong and many weak linkages that explain how 

ecological communities remain stable over time. Food webs are composed of subgroups where 

members in a community are linked by strong interactions, and the weak interactions occur 

between these subgroups. This increases food web stability. Step by step lines or relations are 

drawn until a web of life is illustrated.  

 

 

Trophic levels 

A trophic level (from Greek troph, τροφή, trophē, meaning "food" or "feeding") is "a group of 

organisms acquiring a considerable majority of its energy from the adjacent level nearer the 

abiotic source. Links in food webs primarily connect feeding relations or trophism among 

species. Biodiversity within ecosystems can be organized into trophic pyramids, in which the 

vertical dimension represents feeding relations that become further removed from the base of the 

food chain up toward top predators, and the horizontal dimension represents the abundance or 

biomass at each level. When the relative abundance or biomass of each species is sorted into its 

respective trophic level, they naturally sort into a 'pyramid of numbers'.  
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Species are broadly categorized as autotrophs (or primary producers), heterotrophs (or 

consumers), and Detritivores (or decomposers). Autotrophs are organisms that produce their own 

food (production is greater than respiration) by photosynthesis or chemosynthesis. Heterotrophs 

are organisms that must feed on others for nourishment and energy (respiration exceeds 

production). Heterotrophs can be further sub-divided into different functional groups, including 

primary consumers (strict herbivores), secondary consumers (carnivorous predators that feed 

exclusively on herbivores), and tertiary consumers (predators that feed on a mix of herbivores 

and predators). Omnivores do not fit neatly into a functional category because they eat both plant 

and animal tissues. It has been suggested that omnivores have a greater functional influence as 

predators, because compared to herbivores, they are relatively inefficient at grazing.  

 

 

Keystone species 

A keystone species is a species that is connected to a disproportionately large number of other 

species in the food-web. Keystone species have lower levels of biomass in the trophic pyramid 

relative to the importance of their role. The many connections that a keystone species holds 

means that it maintains the organization and structure of entire communities. The loss of a 

keystone species results in a range of dramatic cascading effects that alters trophic dynamics, 

other food web connections, and can cause the extinction of other species. 
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