Unit 2: ECOSYSTEM ECOLOGY

Ecosystem ecology is a branch of ecology that focuses on studying the structure, functioning,
and dynamics of ecosystems. It examines the interactions between living organisms (biotic
components) and their physical environment (abiotic components) within a defined
ecological system. Ecosystem ecology seeks to understand how energy and materials flow
through ecosystems, how nutrients are cycled, and how different organisms interact and
contribute to ecosystem processes.

Ecosystem Structure: Ecosystems consist of different components, including plants,
animals, microorganisms, and their physical environment. Ecosystem structure refers to the
composition, diversity, and spatial arrangement of these components. It involves studying the
distribution of organisms, their abundance, and the physical characteristics of the
environment such as soil type, climate, and topography.

1. Energy Flow: Energy is a fundamental currency of ecosystems. Ecosystem ecology
examines how energy enters an ecosystem through primary producers (plants or
algae) via photosynthesis, flows through the food web as organisms consume and
transfer energy, and eventually dissipates as heat. The study of energy flow helps
understand trophic interactions, energy transfer efficiency, and the productivity of
ecosystems.

Nutrient Cycling: Ecosystems depend on the cycling of nutrients such as carbon,
nitrogen, phosphorus, and others. Nutrient cycling refers to the processes by which
these elements are taken up by organisms, passed through food webs, and recycled
back into the environment through decomposition and other biogeochemical
processes. Understanding nutrient cycling is critical for assessing ecosystem health,
productivity, and the impacts of human activities on nutrient dynamics.

. Trophic Interactions: Ecosystems consist of complex food webs, where organisms
interact as predators, prey, and competitors. Ecosystem ecology studies these trophic
interactions and examines how they shape community structure, regulate population
dynamics, and influence ecosystem processes. Trophic interactions play a crucial role
in energy transfer, nutrient cycling, and the stability of ecosystems.

Ecological Productivity: Ecosystem productivity refers to the rate at which biomass
(organic matter) is produced through photosynthesis or chemosynthesis. Ecosystem
ecology investigates the factors that influence productivity, including sunlight
availability, nutrient availability, and environmental conditions. Productivity is
important as it determines the amount of energy available to support higher trophic
levels and influences ecosystem services such as carbon sequestration and food
production.

Disturbance and Succession: Ecosystems are subject to natural and human-induced
disturbances, such as fires, floods, and land-use changes. Ecosystem ecology
examines how disturbances impact ecosystem structure and function, including
species composition, nutrient cycling, and recovery processes. Succession refers to
the predictable changes in community structure and species composition following a




disturbance, and ecosystem ecologists study the patterns and mechanisms of
succession.

Ecosystem Services: Ecosystems provide numerous benefits to humans, known as
ecosystem services. Ecosystem ecology investigates the role of ecosystems in
providing services such as clean water, air purification, soil fertility, climate
regulation, and recreational opportunities. Understanding the functioning of
ecosystems helps assess and manage these services sustainably.

Components of Ecosystem:

Abiotic components: These are the non-living factors or physical elements that contribute to
the structure and functioning of an ecosystem. These components play a crucial role in
shaping the distribution of organisms, determining the availability of resources, and
influencing ecosystem processes. Here are some important abiotic components of an

ecosystem:

1. Climate: Climate encompasses the long-term patterns of temperature, precipitation,
humidity, wind, and other weather conditions in a particular area. It has a significant
influence on the distribution of organisms, as different species have specific climate
requirements. Climate affects the rates of photosynthesis, evaporation, and decomposition,
which in turn influence ecosystem productivity and nutrient cycling.

2. Soil: Soil is a complex and dynamic mixture of mineral particles, organic matter, water, air,
and various microorganisms. It provides physical support to plants, serves as a reservoir for
nutrients and water, and serves as a habitat for many organisms. Soil characteristics,
including texture, composition, pH, and nutrient content, play a vital role in determining plant
growth, nutrient availability, and soil microbial activity.

3. Geology: The underlying geological structure of an area influences the formation and
characteristics of the soil, as well as the availability of mineral resources. Geological factors
such as rock types, soil parent material, and topography influence water drainage patterns,
erosion rates, and the development of specific landforms, shaping the physical environment
and habitats within an ecosystem.

4. Water: The presence and availability of water are crucial for the survival and functioning
of ecosystems. Water availability determines the types of organisms that can inhabit an area
and affects their growth, reproduction, and survival. Aquatic ecosystems, such as rivers,
lakes, and wetlands, have distinct abiotic characteristics and support unique communities
adapted to water-based environments.

5. Light: Sunlight is a primary source of energy for most ecosystems. It provides energy for
photosynthesis in plants and algae, which forms the foundation of the food web. The
intensity, duration, and quality of light influence the growth, distribution, and behavior of
organisms, particularly those involved in primary production.




6. Air: The composition and quality of the air, including the concentration of gases,
pollutants, and particulate matter, have direct and indirect effects on ecosystem processes.
Atmospheric gases, such as carbon dioxide and oxygen, are essential for photosynthesis and
respiration in plants and animals. Air pollution can negatively impact ecosystem health and
biodiversity.

7. Abiotic Disturbances: Abiotic disturbances, such as fire, floods, storms, and geological
events, can significantly impact ecosystems. They shape landscape patterns, initiate
succession, and create new habitats. Disturbances play a crucial role in maintaining
ecosystem diversity, regulating population dynamics, and influencing nutrient cycling.

Biotic components of the ecosystem: Biotic components are the living organisms that
inhabit an ecosystem and interact with each other and their environment. These organisms
play a vital role in the structure, functioning, and dynamics of ecosystems. Biotic components

can be broadly categorized into three main groups:

1. Producers (Autotrophs): Producers are organisms that produce their own food using
sunlight, water, and carbon dioxide through the process of photosynthesis or chemosynthesis.
They form the base of the food chain and provide energy and organic matter for other
organisms. Examples of producers include plants, algae, and certain bacteria.

2. Consumers (Heterotrophs): Consumers are organisms that obtain energy by consuming
other organisms. They cannot produce their own food and depend on the energy-rich organic
matter provided by producers. Consumers can be further classified into different trophic
levels based on their feeding habits:

ePrimary Consumers (Herbivores): Herbivores are organisms that feed directly on plants
or algae. They consume the tissues of producers for energy. Examples include deer, rabbits,
and grasshoppers.

*Secondary Consumers (Carnivores): Carnivores are organisms that feed on other animals.
They obtain energy by consuming herbivores or other carnivores. Examples include wolves,
lions, and snakes.

*Tertiary Consumers (Top Carnivores): Tertiary consumers are top predators that occupy
the highest trophic level in a food chain. They typically feed on other carnivores. Examples
include eagles, sharks, and tigers.

*Omnivores: Omnivores are organisms that have a flexible diet and consume both plants and
animals. They can occupy multiple trophic levels. Examples include bears, humans, and
CTrOwS.

3. Decomposers: Decomposers are organisms that break down dead organic matter and waste

materials, recycling nutrients back into the ecosystem. They play a crucial role in nutrient
cycling and decomposition processes. Decomposers include bacteria, fungi, and some
invertebrates like earthworms and detritivores.




Interactions between biotic components, such as predation, competition, symbiosis, and
mutualism, shape the structure and dynamics of ecosystems. Biotic components also respond
to abiotic factors like climate, soil conditions, and resource availability. The diversity and
abundance of biotic components influence ecosystem stability, resilience, and overall
ecosystem health.

Understanding the composition, interactions, and functions of biotic components is essential
for studying ecosystems, assessing biodiversity, and implementing conservation strategies to
maintain the balance and sustainability of natural systems.

Terrestrial Ecosystem: Terrestrial ecosystem refers to any ecosystem that exists on land,
encompassing a wide variety of environments, ranging from deserts and grasslands to forests
and tundra. These ecosystems are home to diverse communities of plants, animals, and
microorganisms, each adapted to the specific conditions of their environment. Terrestrial
ecosystems are influenced by abiotic factors such as climate, geology, soil type, and
topography, as well as biotic factors including the interactions between organisms within the
ecosystem.

1. Forest Ecosystem:

Character: Forests are characterized by a dense growth of trees and a variety of other plant
and animal species. They provide a complex habitat with multiple vertical layers, including a
canopy, understory, and forest floor.

Example Biotic Components: Trees (e.g., oak, maple, pine), understory plants (e.g., ferns,
shrubs), mammals (e.g., deer, bears), birds (e.g., eagles, owls), insects (e.g., butterflies,
beetles).

2. Grassland Ecosystem:

Character: Grasslands are vast areas dominated by grasses and herbaceous plants, with few or
no trees. They experience seasonal variations in temperature and precipitation. Example
Biotic Components: Grasses (e.g., buffalo grass, ryegrass), herbivores (e.g., bison, gazelles),
burrowing mammals (e.g., prairie dogs), birds (e.g., quails, hawks).

3. Desert Ecosystem:

Character: Deserts are arid regions with low precipitation and extreme temperature
fluctuations between day and night. Vegetation is sparse, and plants and animals have
adaptations to conserve water.

Example Biotic Components: Cacti (e.g., saguaro, prickly pear), reptiles (e.g., snakes,
lizards), rodents (e.g., kangaroo rats, desert mice), insects (e.g., scorpions, beetles).

4. Tundra Ecosystem:

Character: Tundras are cold and treeless landscapes with permanently frozen subsoil
(permafrost). Vegetation consists of hardy plants like mosses, lichens, and low shrubs.

Example Biotic Components: Mosses, lichens, Arctic hare, reindeer (caribou), Arctic fox,
migratory birds (e.g., snow geese, Arctic terns).




5. Mediterranean Ecosystem:

Character: Mediterranean ecosystems have hot, dry summers and mild, wet winters. They
feature a diverse array of vegetation adapted to the seasonal climate.

Example Biotic Components: Olive trees, cork oak, lavender, foxes, wild boars, birds (e.g.,
hoopoes, robins).

6. Chaparral Ecosystem:

Character: Chaparrals have shrubby vegetation and are found in regions with a
Mediterranean-like climate but with more pronounced dry summers.

Example Biotic Components: Manzanita, scrub oak, coyotes, rabbits, California quail,
lizards.

7. Temperate Rainforest Ecosystem:

Character: Temperate rainforests have abundant rainfall and moderate temperatures. They are
known for their dense growth of coniferous trees and rich biodiversity.

Example Biotic Components: Sitka spruce, Douglas fir, black bears, elk, salmon, spotted
owls.

8. Savanna Ecosystem:

Character: Savannas are a mix of grasslands and scattered trees, found in tropical regions
with distinct wet and dry seasons.

Example Biotic Components: Grasses (e.g., elephant grass, Bermuda grass), acacia trees,
zebras, lions, giraffes, termites.

Ecosystem Function and Process:

Every ecosystem performs under natural conditions in a systematic way. It receives energy
from the sun and passes it on through various biotic components and in fact, all life depends
upon this flow of energy.

The major functional attributes of an ecosystems are as follows:

(1) Food chain, food webs and trophic structure.

(i1) Energy flow.

(ii1) Cycling of nutrients (Biogeochemical cycles).

(iv) Primary and Secondary production.

(v) Ecosystem development and regulation.

Tropic structure: The structure and functions of the ecosystem are interrelated and influence
each other. The flow of energy is mediated through a series of feeding relationships in a

definite sequence or pattern which is known as Food chain. Nutrients too move along the




food chain. The producers and consumers are arranged in an ecosystem in a definite manner

and their interaction along with the population size is expressed together as a Trophic
structure.

Each food level is known as Trophic level and the amount of living matter at each Trophic
level at a given time is known as standing crop or standing biomass.

(i) FOOD CHAINS

* The sequence of eating and being eaten in an ecosystem is known as food chain.

* All organisms, living or dead, are potential food for some other organism and thus,

there is essentially no waste in the functioning of a natural ecosystem.

Some common examples of simple food chains are:

Grass — grasshopper — Frog — Snake — Hawk (Grassland ecosystem)

Phytoplankton's — water fleas — small fish — Tuna (Pond ecosystem)

Each organism in the ecosystem is assigned a feeding level or trophic level depending on its
nutritional status. Thus, in the grassland food chain, grasshopper occupies the Ist trophic
level, frog the IInd and snake and hawk occupy the IlIrd and the I'Vth trophic levels,
respectively.

The decomposers consume the dead matter of all these trophic levels. In nature, we come
across two major types of food chains.

1. Grazing food chain: It starts with green plants (primary producers) and culminates in

carnivores. All the examples cited above show this type of food chain. Another example

could be

Grass — Rabbit — Fox
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2. Detritus food chain: It starts with dead organic matter which the detritivores and

decomposers consume. Partially decomposed dead organic matter and even the decomposers

are consumed by detritivores and their predators. An example of the detritus food chain is

seen in a Mangrove (estuary)
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A detritus food chain in an estuary based on dead leaves of mangrove trees

Leaf litter — algae — crabs — small carnivorous fish — large carnivorous fish (Mangrove

ecosystem)

Dead organic matter — fungi — bacteria (Forest ecosystem)

FOOD WEB

Food chains in ecosystems are rarely found to operate as isolated linear sequences. Rather,
they are found to be interconnected and usually form a complex network with several
linkages and are known as food webs. Thus, the “food web is a network of food chains where

different types of organisms are connected at different trophic levels so that there are a

number of options of eating and being eaten at each trophic level.”
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Significance of food chains and food webs
Food chains and food webs play a very significant role in the ecosystem because the two
most important functions of energy flow and nutrient cycling take place through them.
* The food chains also help in maintaining and regulating the population size of
different animals and thus, help maintain the ecological balance.
* Food chains show a unique property of biological magnification of some chemicals.
ECOLOGICAL PYRAMIDS
Graphic representation of tropic structure and function of an ecosystem, starting with
producers at the base and successive trophic levels forming the apex is known as an
ecological pyramid.
Ecological pyramids are of three types:
a) Pyramid of numbers: It represents the number of individual organisms at each trophic

level. We may have an upright or inverted pyramid of numbers, depending upon the type of

ecosystem and food chain as shown in below Fig.
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Fig. 6. Pyramid of numbers (a) Grassland ecosystem, (b) Pond ecosystem,
(c) Forest ecosystem and (d) Parasitic food chain.

A grassland ecosystem (Fig. a) and a pond ecosystem show an upright pyramid of
numbers. The producers in the grasslands are grasses and those in a pond are phyto-
planktons (algae etc.), which are small in size and very large in number. So the
producers form a broad base. The herbivores in grassland are insects while tertiary
carnivores are hawks or other birds which are gradually less and less in number and
hence the pyramid apex becomes gradually narrower forming an upright pyramid.

* In a forest ecosystem (Fig. b), big trees are the producers, which are less in number
and hence form a narrow base. A larger number of herbivores including birds, insects
and several species of animals feed upon the trees (on leaves, fruits, flowers, bark
etc.) and form a much broader middle level. The secondary consumers like fox,
snakes, lizards etc. are less in number than herbivores while top carnivores like lion,
tiger etc. are still smaller in number. So the pyramid is narrow on both sides and
broader in the middle.

* Parasitic food chain shows (Fig. c¢) an inverted pyramid of number. The producers
like a few big trees harbour fruit eating birds acting like herbivores which are larger in

number. A much higher number of lice, bugs etc. grow as parasites on these birds




while a still greater number of hyper parasites like bugs, fleas and microbes feed upon
them, thus making an inverted pyramid.

b) Pyramid of biomass: It is based upon the total biomass (dry matter) at each trophic level

in a food chain. The pyramid of biomass can also be upright or inverted.
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above Fig. (a, b) shows pyramids of biomass in a forest and an aquatic ecosystem.
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Fig.a. The pyramid of biomass in a forest is upright in contrast to its pyramid of numbers.
This is because the producers (trees) accumulate huge biomass while the consumer's total
biomass feeding on them declines at higher trophic levels, resulting in a broad base and
narrowing top.

Fig.b. The pond ecosystem shows an inverted pyramid of biomass (Fig. b). The total biomass
of producers (phytoplankton) is much less as compared to herbivores (zooplanktons, insects),

Carnivores (Small fish) and tertiary carnivores (big fish). Thus the pyramid takes an inverted
shape with narrow base and broad apex

¢) Pyramid of Energy: The amount of energy present at each trophic level is considered for

this type of pyramid. Pyramid of energy gives the best representation of the trophic
relationships and it is always upright.

At every successive trophic level, there is a huge loss of energy (about 90%) in the form of
heat, respiration etc. Thus, at each next higher level only 10% of the energy passes on.
Hence, there is a sharp decline in energy level of each successive trophic level as we move
from producers to top carnivores. Therefore, the pyramid of energy is always upright as

shown in Fig.
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Ecological succession: Any community tries to maintain equilibrium with the
prevailing condition of the environment. It changes with the changing environmental
conditions. Sometimes the activities within the community itself or environmental changes
can affect a change in the community. Eco-system development may be defined as “it is an
orderly process of community development that involves changes in the species structure of

community processes.” Finally, it ends in a stabilized eco-system.

The community which develops as an initial community is known as a pioneer
community. The transitory communities are called “seral stages” or developed stages. When a
system gets stabilized i.e. the final community which lasts for a longer period is known as the
“climax community”.

Process of succession: The whole process of succession is completed through a number

of sequential steps which follow one another.
Those are:

Nudation

Invasion

Competition & co-action
Reaction

Stabilization

Nudation:
This is the development of bare area without any form of life. This area may

develop due to topographic (soil erosion by gravity, water, wind, land slides, volcanic




activity, earth quakes etc.) or climatic like floods drought conditions, melting of glaciers,
storms and biotic factors.

Invasion:

This is the successful establishment of life in that area. The species actually reaches that area
from other places the forces of migration and dispersal. After reaching the new area the
process of successful establishment of special is known as “ecesis”. In plants seeds
germinate, seedlings grow and adults start to reproduce and increase their number, this
process is called “aggregation”.

Competition and co-action:

After aggregation large number of individuals of species increase in a limited area, develops
competition and co-action for space and nutrition. In this process changes within the
community can be observed and the species is unable to complete with other number of
individuals would be discarded.

Reaction:

This is the most important stage in the process of succession. The mechanism of modification
of environment through the influence of living organisms starts in this stage. As a result of
this process changes takes place in soil, soil structures, water ph, light conditions,
temperature etc. of the environment. Due to all these the environment is modified and
becoming unsuitable for the existing community which sooner or later is replaced by another
community.

Stabilization:

Finally, there occurs a stage in the process. Then the final community or terminal community

becomes more or less stabilized for a longer period of time and it can maintain itself on

equilibrium with the environment or surrounding or climate of the area.

Example of Ecological Succession:

1) Hydrosere (Hydrarch): This type of succession start in a water bodies like pond and

culminates in a climax community which is forest. It has following stages:
a) Phytoplankton stage: These are the pioneer community. Mainly blue green algae,
green algae, diatoms and bacteria etc.

b) Rooted submerged stage: Due to death and decomposition of phytoplankton organic




matter start accumulating on the pond subsurface. This new environment is favorable

for the growth of rooted submerged hydrophytes like Hydrilla, Elodea etc.
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¢) Rooted submerged stage: Now the depth of lake reduces to 2-5 feet, favoring the
growth of rooted hydrophytes with their large leaves floating on the water surface.
Example: Nelumbo, Trapa, Azolla etc.

d) Reed-swamp stage: also known as amphibious stage as the plants of community are
rooted but most of it part is in air. Example: Scirpus, Sagittaria etc.

e) Sedge-meadow stage: They form mat like vegetation, resulting into higher loss of
water through evapotranspiration process. The marsh-like condition in the previous
stage is removed and area with soil moisture left. Example: carex, cyperus etc.

f) Woodland stage: As the marsh land disappear soil become more dry and give rise to
vegetation like shrubs( Salix, cornus) and trees ( populus, Alnus).

g) Forest stage: This is climax community. It can developed as tropical rain forest or
mixed forest depending upon the climate of the region. Example: Ulmus, Acer and
Quercus.

Lithosere: A Xerosere on Rock: It start with bare rock and culminate into a forest stage.
Different stages of Lithosere are as follows:

a) Crustose lichen stage: The lichen are the pioneer community. The substratum is very
poor in moisture and organic matter, subjected with extreme of temperature.

Examples: Rhizocarpon, Rinodina etc.

b) Foliose lichens stage: They can absorb more water and retain more water and are




able to accumulate dust particle which further help in build up of substratum.

Examples: Parmelia, Dermatocapron.

¢) Moss stage : Xerophytic mosses such as Tortula, Grimmia appears after lichens stage.
d) Herbs stage: due to growth of mosses there is more accumulation of soil. This stage is
constituted by shallow rooted grasses such as Aristida,Festuca etc which further

replaced by shrubs.

e) Shrub stage: Species like Rhus, Phytocarpus start growing in the area, which over
compete the herbaceous species.

f) Forest stage: This is the climax community for this type of ecological succession.
Starting with Xerophytic tree species it changes into mesophytic type and finally into

forest type.
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Community Ecology:

Community ecology is a branch of ecology that focuses on the study of interactions between
different species that coexist within a particular area or habitat, forming ecological
communities. It examines how these species interact with each other, how they respond to
changes in the environment, and how the composition and structure of communities change
over time. Community ecologists study patterns of species distribution, abundance, and

diversity, as well as the processes that shape these patterns.




In ecology, frequency refers to the proportion or percentage of sample plots or quadrats in
which a particular species is present within a given area or habitat. It is a measure of the
occurrence rate of a species within a community and provides valuable information about the
relative abundance and distribution of that species in relation to other species in the

ecosystem.

Frequency: Frequency is an important concept in community ecology, especially in

vegetation studies and plant community analysis. Ecologists often use quadrats, which are
small square or rectangular plots, to sample vegetation in an area of interest. By placing these
quadrats systematically across the landscape or habitat, they can collect data on the presence

or absence of different plant species.

For example, imagine an ecologist is studying the plant community in a grassland area
and decides to use 50 quadrats for their study. If they find a particular plant species present in

30 out of the 50 quadrats, the frequency of that species would be calculated as follows:

Frequency = (Number of quadrats with the species) / (Total number of quadrats sampled) *

100
In this example, the frequency of the plant species would be:
Frequency =30/ 50 * 100 = 60%

This means that the species is present in 60% of the sampled quadrats, indicating that it is

relatively common within the grassland community.
Frequency data can be valuable for several ecological analyses, such as:

1. Assessing Species Importance: Species with high frequency are likely to be
ecologically important and may play significant roles in the community's structure
and function.

Comparing Communities: Ecologists can compare the frequencies of different species
across multiple habitats or locations to understand differences in community
composition and diversity.

Monitoring Changes: Monitoring changes in frequency over time can provide insights
into the dynamics of species populations and community shifts in response to

environmental changes or disturbances.




4. Identifying Indicator Species: High-frequency species in specific habitats can act as

indicators of habitat quality or environmental conditions.

Density: In ecology, density refers to the number of individuals of a species per unit area or

volume of a habitat. It is a measure of the concentration or crowding of individuals within a
given space and is an essential parameter in studying population dynamics and community
ecology. Density is a fundamental ecological concept used to describe the size of a population
in relation to the available habitat. It provides valuable information about how abundant or
sparse a species is within a particular area and helps ecologists understand the spatial

distribution and interactions among individuals of a species.

To calculate density, researchers typically use sampling methods such as quadrats or transects
to count the number of individuals of a species within a defined area. The area size is chosen
to be representative of the species' habitat and can vary depending on the organism being

studied.
The formula for calculating density is as follows:
Density (D) = Number of individuals of a species / Area of the sampled plot

For example, consider a study of a deer population in a forested area. The researchers place
10 quadrats, each measuring 10 square meters, randomly across the forest. In each quadrat,
they count the number of deer present. If they find 25 deer in total across all 10 quadrats, the

density of the deer population can be calculated as:

Density (D) = 25 deer / (10 quadrats * 10 square meters per quadrat)
Density (D) = 25 deer / 100 square meters

Density (D) = 0.25 deer per square meter

The density of the deer population in this forested area is 0.25 deer per square meter, which
means, on average, there are approximately 0.25 deer present within every square meter of

the habitat.
Density data is crucial for various ecological studies and analyses, including:

1. Population Studies: Density provides a measure of the abundance of a species in a
particular habitat, allowing researchers to estimate population size and track changes

over time.




Habitat Quality: High population densities can indicate a healthy and suitable habitat,
while low densities may suggest environmental stress or limited resources.

Species Interactions: Density influences competition, predation, and other ecological
interactions within and between species.

Conservation: Monitoring population density helps assess the health of endangered or

threatened species and informs conservation efforts.

Abundance: In ecology, abundance refers to the total number of individuals of a species

present in a given area or habitat. It is a measure of the population size of a species and
provides valuable information about the overall abundance and distribution of that species

within a community or ecosystem.

Abundance is an important ecological parameter used to describe the size and
prevalence of a population within a specific area. It considers the total number of individuals,
regardless of their spatial arrangement or density. Abundance data is essential for
understanding population dynamics, species interactions, and the overall structure and

functioning of ecological communities.

To calculate abundance, researchers use various sampling methods, such as quadrats,
transects, or capture-recapture techniques, to count and estimate the number of individuals of

a species present in the study area.
The formula for calculating abundance is straightforward:
Abundance = Total number of individuals of a species in the study area

For example, imagine a study of bird populations in a wetland area. The researchers
conduct bird counts and record the number of individuals of each species they observe. If
they find 50 mallards, 30 herons, and 20 egrets during their survey, the abundance of each

species would be:

Abundance of mallards = 50 individuals
Abundance of herons = 30 individuals
Abundance of egrets = 20 individuals

The total abundance of birds in the wetland area would be the sum of the abundances of all

species:




Total abundance of birds = Abundance of mallards + Abundance of herons + Abundance of

egrets

Total abundance of birds = 50 + 30 + 20 = 100 individuals

So, the total abundance of birds in the wetland area is 100 individuals.

Abundance data can provide valuable insights into various ecological aspects, including:

1. Species Diversity: Abundance data helps assess the relative dominance of different
species in a community, contributing to the understanding of species diversity
patterns.

Population Dynamics: Changes in abundance over time can reveal population trends,
such as population growth or decline, and can help identify factors affecting
population size.

Community Structure: Abundance data contributes to the characterization of
community structure, including the relative proportions of different species within the
community.

Trophic Interactions: Abundance data can aid in studying predator-prey relationships
and other trophic interactions within ecological food webs.

Conservation: Monitoring abundance is crucial for assessing the health and

conservation status of endangered or threatened species.

Cover and Basal area: Cover and basal area are two important metrics used in ecology,

particularly in vegetation studies, to describe the amount of space occupied by plants in a

specific area and to assess the overall structure of plant communities.

1. Cover: Cover refers to the percentage of ground or substrate surface covered by the
vertical projection of plant canopies, including leaves, branches, and stems. It is a measure of
the spatial extent of vegetation in a given area and provides information about the density and

overall coverage of plants on the ground.

To determine cover, ecologists use various methods, such as point-intercept or line-
intercept sampling. During these sampling procedures, a straight line or a point is placed at
predetermined locations within the study area. The number of times the line or point

intercepts plant canopies is recorded. By comparing the number of intercepts with the total




number of sampling points or line lengths, ecologists can calculate the percentage of ground

covered by vegetation.

For example, imagine a study of a grassland area using a line-intercept method. The
researchers place a 100-meter transect line across the grassland and record the number of
times the line intersects with vegetation (e.g., grasses and shrubs). If the line intersects with

vegetation 30 times, the cover of vegetation can be calculated as:

Cover = (Number of intercepts with vegetation) / (Total length of transect line) * 100
Cover =30/100 * 100

Cover = 30%

In this example, the vegetation cover in the grassland area is 30%, indicating that 30% of the

ground surface is occupied by plant canopies.

2. Basal Area: Basal area refers to the cross-sectional area of the stems of trees or shrubs at
breast height (usually measured at 1.3 meters above the ground). It is a measure of the size

and density of the tree or shrub component of a forest or woodland ecosystem.

To calculate basal area, foresters typically use a basal area factor specific to the

sampling method they employ. Common methods include fixed-area plots, point-centered

quarter (PCQ) sampling, and prism cruising. By measuring the diameter of the tree stems at

breast height and applying the basal area factor, the basal area per unit area can be calculated.

Basal Area = (Sum of the square of tree DBH * Basal Area Factor) / Number of trees
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Both cover and basal area are valuable metrics in ecological research, providing
important information about the spatial distribution, abundance, and structure of plant
communities. These metrics are particularly useful for studying vegetation dynamics,

biodiversity, and ecosystem functioning in different habitats and ecosystems.

Phenology: Phenology is the study of the timing and seasonal patterns of biological events

in relation to changes in the environment, particularly with respect to weather and climate.
These biological events can include the timing of flowering, fruiting, leaf emergence,

migration, hibernation, and other life cycle events of plants and animals.

Climate change has become a critical factor affecting phenological patterns
worldwide. As temperatures and weather patterns shift due to global climate change,
phenological events are also changing. For example, some plants may flower earlier than
usual, and some migratory birds may alter their migration timings in response to changing

environmental cues.
Phenological data is valuable for various purposes:

1. Ecological Studies: Understanding phenological patterns helps ecologists study
species interactions, predator-prey dynamics, and ecosystem functioning.
Agriculture: Farmers use phenological information to optimize planting and
harvesting times and to predict the timing of pest outbreaks.

Conservation: Monitoring phenological changes can provide insights into the impacts
of climate change on ecosystems and assist in conservation planning.
Public Health: Phenology can affect the timing of allergenic pollen release, which is

important for people with allergies and respiratory conditions.
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Stratification: Stratification in ecology refers to the vertical layering of vegetation or

habitats within a specific ecosystem. It is the division of the ecosystem into distinct
horizontal layers, each characterized by different groups of species and environmental
conditions. The concept of stratification is commonly applied to forests, but it can also be
observed in other ecosystems, such as aquatic habitats and grasslands. In forest ecosystems,
stratification results from the different heights and structures of vegetation, creating multiple

layers or strata. The main strata typically found in a forest are:

1. Canopy Layer: The uppermost layer formed by the crowns of tall trees that form a
continuous cover. The canopy receives the most sunlight and is the primary layer
responsible for photosynthesis.

Understory Layer: The layer below the canopy, consisting of smaller trees, shrubs,
and saplings. The understory receives less direct sunlight due to the shading from the
canopy above.

Herbaceous Layer: The ground level layer, composed of herbaceous plants, grasses,
and other non-woody vegetation. This layer receives the least amount of sunlight due
to the shading from the upper layers.

Forest Floor: The lowest layer, consisting of fallen leaves, twigs, and decaying
organic matter. The forest floor is also home to various small organisms like insects,

fungi, and microorganisms involved in decomposition.

Stratification in forests provides diverse habitats for different species, allowing
various plants and animals to occupy different niches and utilize different resources. For
example, some bird species may prefer the canopy layer for nesting and foraging, while
others may find suitable habitats in the understory or herbaceous layers. Similarly, different
plant species may thrive in specific strata depending on their light requirements and

adaptations.

Besides forests, stratification can also occur in other ecosystems. In aquatic habitats,
such as lakes, stratification can refer to the division of the water column into distinct layers
based on temperature and oxygen content. This thermal stratification can have significant

effects on the distribution of aquatic organisms and nutrient cycling
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Life Forms: In ecology, "life forms" refer to distinct categories or groups of organisms
based on their morphological and ecological characteristics. Life forms are used to classify
and describe how different species in an ecosystem adapt to their environment and fulfill their
ecological roles. These categories help ecologists understand the diversity and functioning of

biological communities and the strategies used by organisms to survive and reproduce.
Types of life forms are:

1. Phanerophytes: These are woody plants with perennial above-ground structures, such
as trees and large shrubs. Phanerophytes usually dominate the canopy layer in forests
and have deep root systems.

Chamaephytes: Chamaephytes are woody or herbaceous plants with perennial buds
situated close to the ground. They are often found in the understory of forests or in
open habitats like heaths and grasslands.

Hemicryptophytes: Hemicryptophytes are herbaceous plants with perennial buds
located at or slightly below the soil surface. They can survive harsh conditions and are
common in temperate grasslands and alpine regions.

Geophytes: Geophytes are herbaceous plants with perennial buds or storage organs
underground, such as bulbs, corms, or tubers. They can withstand adverse conditions
and emerge during favourable seasons.

Therophytes: Therophytes are herbaceous plants that complete their life cycle within a
single growing season. They often thrive in disturbed habitats and are commonly seen

as annual or seasonal plants.




6. Epiphytes: Epiphytes are plants that grow on the surface of other plants, such as trees,
without being parasitic. They obtain water and nutrients from the air and rain, and

they are often found in tropical rainforests.

Ecotone: An ecotone is a transitional zone or boundary where two or more distinct
ecosystems or habitats meet and interact. This area is characterized by a mixture of plant and
animal species from both ecosystems, resulting in unique and diverse biological
communities. Ecotones can be found in various natural settings, such as the transition

between a forest and a grassland, a wetland and a lake, or a desert and a savannah.

The interactions in an ecotone can lead to increased biodiversity and ecological
complexity, as species from different ecosystems may find new niches and adapt to the
changing conditions. This can also make ecotones important areas for conservation, as they
often support a variety of plant and animal species that may not be found in either adjacent

ecosystem.

Ecotones can be quite dynamic and may shift in response to changes in climate, land
use, or other environmental factors. They can also be influenced by human activities, such as
urbanization or agriculture, which can alter the natural balance and integrity of these

transitional zones.
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Ecotypes: Ecotypes refer to populations of a species that have adapted to specific

environmental conditions within a particular habitat. These adaptations may be driven by
factors such as temperature, humidity, soil type, altitude, or other local environmental factors.
Ecotypes can occur within a single species and are genetically distinct from one another due

to natural selection. Over time, different traits and characteristics become more prevalent




within certain populations as they offer a competitive advantage in their specific ecological

niche.

For example, within a species of tree, there may be different ecotypes adapted to
different levels of rainfall. One ecotype may have evolved to thrive in areas with high rainfall
and may have broader leaves to capture more water, while another ecotype may be better

suited to arid environments and have smaller leaves to reduce water loss.

Ecotypes are essential for maintaining biodiversity within ecosystems, as they contribute to
the overall genetic diversity of a species. This diversity enhances the species' ability to
respond to environmental changes or disturbances, increasing the chances of survival in the

face of challenges.
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Intraspecific interactions: These refer to interactions that occur between individuals of
the same species within a given population or community. These interactions play a crucial

role in shaping the dynamics of populations and the overall structure of ecosystems.
Examples of intraspecific interactions include:

1. Competition: When individuals of the same species compete for limited resources
such as food, water, or shelter. This competition can lead to natural selection,

favouring individuals with traits that provide a competitive advantage.




Cooperation: Some species engage in cooperative behaviors, where individuals work
together for mutual benefit. This can include hunting, foraging, or raising offspring as
a group.

Territoriality: Animals may establish and defend territories against other members of
the same species. Territories serve to secure access to resources and potential mates.
Aggression: In some instances, intraspecific interactions can be aggressive,
particularly during mating season or when defending resources or territories.

Social hierarchy: Some species establish social hierarchies, where individuals have
different roles or ranks within the group. These hierarchies can influence access to
resources and mating opportunities.

Communication: Animals often communicate with each other using various signals,
such as vocalizations, body postures, or pheromones. This communication can convey

information about dominance, mating readiness, or the presence of predators.

Overall, intraspecific interactions are fundamental to the survival and reproduction
of individuals within a species and can have significant impacts on population dynamics
and community structure. They also contribute to the overall balance and stability of

ecosystems.

Interspecific interactions: These refer to interactions that occur between individuals of

different species within a given community or ecosystem. These interactions can be
beneficial, harmful, or neutral, and they play a vital role in shaping ecological relationships

and the distribution of species.
Examples of interspecific interactions include:

1. Predation: One species (the predator) hunts, kills, and consumes individuals of
another species (the prey). This interaction has a significant impact on population
dynamics and can influence the distribution and abundance of both predator and prey
species. For example, wolves preying on deer or lions hunting zebras.

Mutualism: Mutualistic interactions involve two species benefiting from each other's
presence. Each species provides a resource or service that the other needs for survival
or reproduction. A classic example is the relationship between bees and flowering

plants, where the bees pollinate the plants while obtaining nectar for themselves.




Commensalism: In commensalistic interactions, one species benefits, while the other
is neither helped nor harmed. For example, barnacles attaching to the shell of a turtle
to gain access to food particles carried by the turtle's movements.

Parasitism: Parasitic interactions involve one species (the parasite) benefiting at the
expense of another species (the host). The parasite derives nourishment from the host,
often harming or weakening it. Examples include ticks feeding on the blood of
mammals or mistletoe plants absorbing nutrients from their host trees.

Competition: Interspecific competition occurs when two or more species compete for
the same limited resources, such as food, water, or shelter. This interaction can
influence the distribution and abundance of species within a community. For example,
different species of birds competing for nesting sites in a forest.

Amensalism: In amensalistic interactions, one species is negatively affected, while the
other is unaffected. An example is the release of chemicals by certain plants that
inhibit the growth or survival of neighboring plants without being affected

themselves.

Interspecific interactions are essential in maintaining the balance and functioning of

ecosystems, as they influence species distributions, population dynamics, and community

structure. These interactions can also drive evolutionary processes, leading to adaptations and

changes in both predator and prey species over time.




