ECOLOGY                                                                                               2nd Year Common Core

CHAPTER 4
Structure and Functioning of Ecosystems
1. The Biosphere and Its Components
The biosphere, literally meaning the sphere of life, encompasses all life on Earth. Living organisms are concentrated in a narrow layer on the Earth's surface, which includes:
· The lower atmosphere
· The oceans, seas, lakes, and rivers, collectively known as the hydrosphere
· The thin superficial layer of emerged lands called the lithosphere
The thickness of the biosphere varies significantly from one point to another. Life extends into ocean trenches beyond 10,000 meters in depth, while in the lithosphere, life is rarely found beyond a few meters. In the atmosphere, due to the thinning of oxygen, living organisms become scarcer with altitude and rarely survive above 10,000 meters.
The primary source of energy in the biosphere is the sun, with geothermal energy being another important source. Through photosynthesis, plants convert solar energy into chemical energy, which animals then obtain by consuming plants or other animals.
Organization of the Biosphere
The most basic level of life's organization is the cell, which is part of an individual. Individuals belong to populations, which in turn form communities or biocenoses. These communities integrate into ecosystems, and the collection of all ecosystems constitutes the biosphere, the highest level of life's organization.
An ecosystem consists of living organisms (biocenosis) and their environment (biotope). The biotope provides energy, organic, and inorganic matter of abiotic origin. The biocenosis includes three categories of organisms:
· Producers of organic matter
· Consumers of this matter
· Decomposers that recycle it
Plants capture solar energy and produce carbohydrates, which are consumed by herbivores, which are then eaten by carnivores. Decomposers break down waste and dead organisms, returning substances to the environment. Through its unity, organization, and functioning, the ecosystem serves as the fundamental unit of the biosphere.
3. The Trophic Chain
3.1. Definitions
A trophic or food chain is a sequence of organisms where each depends on the preceding one. Every ecosystem includes species divided into three groups: producers, consumers, and decomposers.
1. Producers
These are autotrophic photosynthetic organisms (green plants, phytoplankton: cyanobacteria, or blue-green algae). As primary producers, they form the first trophic level, creating organic matter from inorganic materials through photosynthesis.
2. Consumers
These heterotrophic organisms feed on complex organic matter from other living beings. They are secondary producers and occupy different trophic levels based on their diet:
· Primary consumers (C1): Herbivores that eat producers (e.g., mammals, insects, crustaceans).
· Secondary consumers (C2): Carnivores that prey on herbivores (e.g., predatory mammals, birds of prey).
· Tertiary consumers (C3): Carnivores that eat other carnivores (e.g., insectivorous birds, raptors).
Consumers can also be omnivores, belonging to multiple trophic levels.
· Scavengers or necrophages: Species that feed on fresh or decomposed animal carcasses (e.g., jackals, vultures).
3. Decomposers or Detritivores
These organisms break down dead matter and waste, returning elements to the mineral world. Examples include:
· Saprophytes: Plants feeding on decomposing organic matter (e.g., fungi).
· Saprophages: Animals feeding on decomposing matter (e.g., bacteria).
· Detritivores: Invertebrates consuming debris (e.g., protozoa, earthworms).
· Coprophages: Animals feeding on excrement (e.g., dung beetles).
Producers, consumers, and decomposers are linked by food chains, with decomposers ensuring the cyclical nature of these chains.
4. Nitrogen Fixers
These organisms have a unique role, fixing molecular nitrogen while relying on organic carbon sources. Examples include free-living bacteria (Azotobacter) and symbiotic bacteria (Rhizobium).
5. Types of Trophic Chains
Three main linear trophic chains exist:
· Predator chain: Numbers decrease while size increases (Elton's rule).
· Parasite chain: Organisms decrease in size but increase in number.
· Detritivore chain: Moves from dead matter to smaller, more numerous organisms.
6. Graphical Representation of Trophic Chains
Ecological pyramids illustrate the structure of biocenoses, showing numbers, biomass, or energy at each trophic level.


· Figure: Ecological pyramids.

7. The Trophic Network
A network of interconnected food chains within an ecosystem, facilitating the flow of energy and matter.
4. Energy Transfer and Efficiency
4.1. Definitions
· Gross Productivity (GP): Total biomass produced per unit time.
· Net Productivity (NP): GP minus respiratory losses (NP = GP – R).
· Primary Productivity: NP of autotrophic producers.
· Secondary Productivity: NP of consumers and decomposers.
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           Figure: Biomass across trophic levels.
4.2. Energy Transfer
Energy flows from one trophic level to the next, decreasing at each transfer due to losses like respiration and waste.
4.3. Efficiency
· Ecological Efficiency: Ratio of NP at one level to NP at the preceding level.
· Exploitation Efficiency: Ratio of ingested energy to available energy.
· Net Production Efficiency: Ratio of NP to assimilated energy.
4.4.Ecosystem Stability
Ecosystems are regulated by:
· Bottom-up control: Resource availability (e.g., nutrients).
· Top-down control: Predation pressure (e.g., carnivores regulating prey populations).
Human activities (e.g., pollution, overhunting) can disrupt these controls, destabilizing ecosystems.
5. Biogeochemical Cycles
Cycles of matter involve the movement of elements between living and non-living components. Key cycles include:
1. Water Cycle
Involves evaporation, transpiration, condensation, precipitation, runoff, infiltration, and percolation.
2. Carbon Cycle
Driven by photosynthesis, respiration, and combustion. Human activities (e.g., burning fossil fuels) disrupt this cycle, increasing atmospheric CO₂ and contributing to climate change.
3. Phosphorus Cycle
Phosphorus, essential for DNA and ATP, cycles slowly due to its sedimentary nature. Limited availability often restricts primary production.
4. Nitrogen Cycle
Involves nitrogen fixation (by bacteria), nitrification, assimilation, ammonification, and denitrification. Human impacts (e.g., fertilizer use) can alter this cycle.
These cycles are critical for sustaining life, and disruptions (e.g., pollution, deforestation) can have far-reaching ecological consequences.
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