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Microbial Ecology Vs Environmental Microbiology

- “Microbial ecology is the study of the behavior and activities of 
microorganisms in their natural environments.!

- “microbes are small; their environments also are small.” In these 
small environments or “microenvironments,” other kinds of 
microorganisms (and macroorganisms) often also are present,.!

Thomas D. Brock, 

Environmental microbiology, relates  to all-over microbial processes that occur in a soil, water, or food, It 
is not concerned with the particular “microenvironment” where the microorganisms actually are functioning, 
but with the broader-scale effects of microbial presence and activities.



- Ecosystems have been defined as “communities of organisms and their physical and chemical 
environments that function as self-regulating units.” These self-regulating biological units 
respond to environmental changes by modifying their structure and function.

Ecosystem

- It includes a wide range of biological, physical, and chemical processes that connect organisms and 
their environment.

Figure.1 Levels of ecological organization



Components of ecosystem

1)Abiotic components!
!
include the non-living or physico-chemical factors like air, soil, water and the basic 
compounds and elements of the environment!
!
 
2) Biotic components!
It consists of the living parts of the environment, including the association of a lot of 
interrelated populations that belong to different species inhabiting a common 
environment.



Physical environment
!
!
- Microorganisms, as they interact with each other and 
with other organisms in biogeochemical cycling, are 
influenced by their immediate physical environment 
whether this might be soil, water, the deep marine 
environment, or a plant or animal host.!
!
- Microenvironment: the specific physical location of 
a microorganism.!
!
- Niche,includes the microorganism, its physical 
habitat, the time of resource use, and the resources 
available for microbial growth and function!
!
!
!
!
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For example, microorganisms in the interior of a colony have
markedly different microenvironments and niches than those of the
same microbial populations located on the surface or edge of the
colony. Microorganisms also can associate with clays and form “clay
hutches” for protection (see section 42.4).

1. What are the similarities and differences between a
microenvironment and a niche?

2. Why might pores in soils, waters, and animals be important for
survival of bacteria if protozoa are present?

3. Why might conditions vary for a bacterium on the edge of a
colony in comparison with the center of the colony?

Biofilms and Microbial Mats

As noted in the previous section, microorganisms tend to create
their own microenvironments and niches, even without having a
structured physical environment available, by creating biofilms.
These are organized microbial systems consisting of layers of mi-
crobial cells associated with surfaces. Such biofilms are an im-
portant factor in almost all areas of microbiology, as shown in fig-
ure 28.27a. Simple biofilms develop when microorganisms
attach and form a monolayer of cells.

Depending on the particular microbial growth environment
(light, nutrients present and diffusion rates), these biofilms can be-
come more complex with layers of organisms of different types (fig-
ure 28.27b). A typical example would involve photosynthetic organ-
isms on the surface, facultative chemoorganotrophs in the middle,
and possibly sulfate-reducing microorganisms on the bottom.

More complex biofilms can develop to form a four-dimen-
sional structure (X, Y, Z, and time) with cell aggregates, intersti-
tial pores, and conduit channels (figure 28.27c). This develop-
mental process involves the growth of attached microorganisms,
resulting in accumulation of additional cells on the surface, to-
gether with the continuous trapping and immobilization of free-
floating microorganisms that move over the expanding biofilm.
This structure allows nutrients to reach the biomass, and the chan-
nels are shaped by protozoa that graze on bacteria.

These more complex biofilms, in which microorganisms cre-
ate unique environments, can be observed by the use of confocal
scanning laser microscopy (CSLM) as discussed in chapter 2. The
diversity of nonliving and living surfaces that can be exploited by
biofilm-forming microorganisms is illustrated in figure 28.28.
These include surfaces in catheters and dialysis units, which have
intimate contact with human body fluids. Control of such mi-
croorganisms and their establishment in these sensitive medical
devices is an important part of modern hospital care.

Microorganisms that form biofilms on living organisms such
as plants or animals have additional advantages. In these cases the
surfaces themselves often release nutrients, in the form of sloughed
cells, soluble materials, and gases. These biofilms also can play
major roles in disease (see Box 39.3) because they can protect
pathogens from disinfectants, create a focus for later occurrence of
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Figure 28.26 The Creation of a Niche from a Microenvironment.
As shown in this illustration, two nearby particles create a physical
microenvironment for possible use by microorganisms. Chemical
gradients, as with oxygen from the aerobic region, and sulfide from the
anaerobic region, create a unique niche. This niche thus is the physical
environment and the resources available for use by specialized aerobic
sulfide-oxidizing bacteria.

(a)

(b)

(c)

Figure 28.27 The Growth of Biofilms. Biofilms, or microbial
growths on surfaces such as in freshwater and marine environments,
can develop and become extremely complex, depending on the energy
sources that are available. (a) Initial colonization by a single type of
bacterium. (b) Development of a more complex biofilm with layered
microorganisms of different types. (c) A mature biofilm with cell
aggregates, interstitial pores, and conduits.

Figure2. The Creation of a Niche from a Microenvironment.!



Biofilms

Microorganisms tend to create their own microenvironments and niches, even without having a 
structured physical environment available, by creating biofilms.!

Biofilms are organized microbial systems consisting of layers of microbial cells associated with 
surfaces!
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For example, microorganisms in the interior of a colony have
markedly different microenvironments and niches than those of the
same microbial populations located on the surface or edge of the
colony. Microorganisms also can associate with clays and form “clay
hutches” for protection (see section 42.4).

1. What are the similarities and differences between a
microenvironment and a niche?

2. Why might pores in soils, waters, and animals be important for
survival of bacteria if protozoa are present?

3. Why might conditions vary for a bacterium on the edge of a
colony in comparison with the center of the colony?

Biofilms and Microbial Mats

As noted in the previous section, microorganisms tend to create
their own microenvironments and niches, even without having a
structured physical environment available, by creating biofilms.
These are organized microbial systems consisting of layers of mi-
crobial cells associated with surfaces. Such biofilms are an im-
portant factor in almost all areas of microbiology, as shown in fig-
ure 28.27a. Simple biofilms develop when microorganisms
attach and form a monolayer of cells.

Depending on the particular microbial growth environment
(light, nutrients present and diffusion rates), these biofilms can be-
come more complex with layers of organisms of different types (fig-
ure 28.27b). A typical example would involve photosynthetic organ-
isms on the surface, facultative chemoorganotrophs in the middle,
and possibly sulfate-reducing microorganisms on the bottom.

More complex biofilms can develop to form a four-dimen-
sional structure (X, Y, Z, and time) with cell aggregates, intersti-
tial pores, and conduit channels (figure 28.27c). This develop-
mental process involves the growth of attached microorganisms,
resulting in accumulation of additional cells on the surface, to-
gether with the continuous trapping and immobilization of free-
floating microorganisms that move over the expanding biofilm.
This structure allows nutrients to reach the biomass, and the chan-
nels are shaped by protozoa that graze on bacteria.

These more complex biofilms, in which microorganisms cre-
ate unique environments, can be observed by the use of confocal
scanning laser microscopy (CSLM) as discussed in chapter 2. The
diversity of nonliving and living surfaces that can be exploited by
biofilm-forming microorganisms is illustrated in figure 28.28.
These include surfaces in catheters and dialysis units, which have
intimate contact with human body fluids. Control of such mi-
croorganisms and their establishment in these sensitive medical
devices is an important part of modern hospital care.

Microorganisms that form biofilms on living organisms such
as plants or animals have additional advantages. In these cases the
surfaces themselves often release nutrients, in the form of sloughed
cells, soluble materials, and gases. These biofilms also can play
major roles in disease (see Box 39.3) because they can protect
pathogens from disinfectants, create a focus for later occurrence of
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Figure 28.26 The Creation of a Niche from a Microenvironment.
As shown in this illustration, two nearby particles create a physical
microenvironment for possible use by microorganisms. Chemical
gradients, as with oxygen from the aerobic region, and sulfide from the
anaerobic region, create a unique niche. This niche thus is the physical
environment and the resources available for use by specialized aerobic
sulfide-oxidizing bacteria.
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Figure 28.27 The Growth of Biofilms. Biofilms, or microbial
growths on surfaces such as in freshwater and marine environments,
can develop and become extremely complex, depending on the energy
sources that are available. (a) Initial colonization by a single type of
bacterium. (b) Development of a more complex biofilm with layered
microorganisms of different types. (c) A mature biofilm with cell
aggregates, interstitial pores, and conduits.

Figure.3. The growth of biofilms.a)Initial colonization by a single type of bacterium.b) 
Development of a more complex biofilm with layered microorganisms of different types. c)A mature biofilm with cell 
aggregates, interstitial pores, and conduits. 
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disease, or release microorganisms and microbial products that
may affect the immunological system of a susceptible host.
Biofilms are critical in ocular diseases because Chlamydia, Staphy-
lococcus, and other pathogens survive in ocular devices such as
contact lenses and in cleaning solutions (figure 28.29).

Depending on environmental conditions, biofilms can be-
come so large that they are visible and have macroscopic dimen-
sions. Bands of microorganisms of different colors are evident as
shown in figure 28.30. These thick biofilms, called microbial
mats, are found in many freshwater and marine environments.
These mats are complex layered microbial communities that can
form at the surface of rocks or sediments in hypersaline and
freshwater lakes, lagoons, hot springs, and beach areas. They
consist of microbial filaments, including cyanobacteria. A major
characteristic of mats is the extreme gradients that are present.
Light only penetrates approximately 1 mm into these communi-
ties, and below this photosynthetic zone, anaerobic conditions
occur and sulfate-reducing bacteria play a major role. The sulfide
that these organisms produce diffuses to the anaerobic lighted re-
gion, allowing sulfur-dependent photosynthetic microorganisms
to grow. Some believe that microbial mats could have allowed the
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Figure 28.28 Biofilm Formation on Inert and Living Organism Surfaces. Biofilms, noted in yellow, are a
part of microbial functioning in the environment, in biotechnology, and in human health.

Figure 28.29 Contact Lenses Can Have Extensive Biofilms.
Clumps of cocci and sparse rods on a contact lens. Bar ! 10 "m.

figure.4, Biofilm Formation on living and nonliving surfaces	


- Protect pathogens from disinfectants, 
create a focus for later occurrence of 
disease, or release microorganisms 
and microbial products that may affect 
the immunological system of a 
susceptible host. 
!
For example:!
!
-  Air-conditioning and other water 

retention systems where potentially 
pathogenic bacteria, such as 
Legionella species, may be 
protected from the effects of 
chlorination by biofilms 

!
- Teeth, where biofilm forms plaque 

that leads to tooth decay 
!
- Contact lenses, where bacteria may 
produce severe eye irritation, 
inflammation, and infection 
!

Biofilms



Ecological role of microorganisms

Microorganisms in ecosystems can have two 
complementary roles: (1) the synthesis of new 
organic matter from CO2 and other inorganic 
compounds during primary production and 
(2) de- composition of this accumulated 
organic matter.!
- primary producers, decomposers, and 
primary consumers.!
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eas and waters far from its origins; (2) rivers transport eroded ma-
terials, sewage plant effluents, and urban wastes to the ocean; and
(3) insects and animals release urine, feces, and other wastes to en-
vironments as they migrate around the Earth. When plants and an-
imals die after moving to a new environment, they decompose and
their specially adapted and coevolved microorganisms (and their
nucleic acids) are released (see section 29.2). The fecal-oral route
of disease transmission, often involving foods and waters, and the
acquisition of diseases in hospitals (nosocomial infections) are
important examples of pathogen movement between ecosystems.
Each time a person coughs or sneezes, microorganisms also are
being transported to new ecosystems.

Humans also both deliberately and unintentionally move mi-
croorganisms between different ecosystems. This occurs when
microbes are added to environments to speed up microbially me-
diated degradation processes (see bioremediation, section 42.4)
or when a plant-associated inoculum such as Rhizobium, is added
to a soil to increase the formation of nitrogen-fixing nodules on
legumes (see pp. 675–78). One of the most important accidental
modes of microbial movement is the use of modern transport ve-
hicles such as automobiles, trains, ships, and airplanes. These of-
ten rapidly move microorganisms long distances.

The fate of microorganisms placed in environments where
they normally do not live, or of microorganisms returned to their
original environments, is important both theoretically and prac-
tically. Pathogens that are normally associated with an animal
host are greatly affected by such movement because these mi-
croorganisms largely have lost their ability to compete effec-
tively with microorganisms indigenous to other environments.
Upon moving to a new environment, the population of viable
and culturable pathogens gradually decreases. However, more
sensitive viability assessment procedures, particularly molecu-
lar techniques, indicate that nonculturable microorganisms,
as observed with Vibrio (see section 6.5), may play critical roles
in disease occurrence.

Many studies have been directed toward learning why mi-
croorganisms which have coevolved with animals gradually die
after being released to soils and waters. Among the possibili-
ties are predation by protozoa, Bdellovibrio (see pp. 510–12)
and other organisms, lack of space, lack of nutrients, and the
presence of toxic substances. After many years of study, it ap-
pears that the major reason “foreign” microorganisms die out
is that they can no longer compete effectively with indigenous
microorganisms for the low amounts of nutrients present in the
environment. 

Even microorganisms recovered from a particular envi-
ronment, after growth in the laboratory on rich media, may
lose their ability to survive when placed back in their original
environment. The cause may be physical or physiological.
From a physical standpoint the microorganisms may find
themselves outside their protected physical niche, where they
can be consumed by protozoa and other predators as noted pre-
viously. On the other hand, after growth in rich laboratory me-
dia, they may have lost the ability to compete physiologically
with the native populations. It is of interest that these foreign
microorganisms survive longer outside of their original hosts
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Figure 28.32 The Vital Role of Microorganisms in Ecosystems.
Microorganisms play vital roles in ecosystems as primary producers,
decomposers, and primary consumers. Carbon is fixed by the primary
producers, including microorganisms, which use light or chemically
bound energy. Chemoheterotrophic bacteria and fungi serve as the
main decomposers of organic matter, making minerals again available
for use by the primary producers. Ciliates and flagellates, important
microbial primary consumers, feed on the bacteria and fungi, recycling
nutrients as part of the microbial loop. Organic matter (OM).

2. Decomposing organic matter, often with the release of
inorganic compounds (e.g., CO2, NH4

!, CH4, H2) in
mineralization processes.

3. Serving as a nutrient-rich food source for other
chemoheterotrophic microorganisms, including protozoa
and animals.

4. Modifying substrates and nutrients used in symbiotic
growth processes and interactions, thus contributing to
biogeochemical cycling.

5. Changing the amounts of materials in soluble and gaseous
forms. This occurs either directly by metabolic processes or
indirectly by modifying the environment. 

6. Producing inhibitory compounds that decrease microbial
activity or limit the survival and functioning of plants and
animals.

7. Contributing to the functioning of plants and animals
through positive and negative symbiotic interactions.

1. Define the following terms: ecosystem, primary production,
decomposer, mineralization.

2. List important functions of higher consumers in natural
environments.

3. What are the important functions of microorganisms in
ecosystems?

Microorganism Movement between Ecosystems

Microorganisms constantly are moving and being moved between
ecosystems. This often happens naturally in many ways: (1) soil is
transported around the Earth by windstorms and falls on land ar-



Ecological role Principal Microbial groups involved

Primary producers photoautotrophs ( microalagae&photosynthetic bacteria) 
Chemoautotrophs( bacteria& archaea) 
!

Secondary producers, assimilating 
dissolved organic matter

Bacteria, archaea,fungi,protozoa

a food source for consumers Microalgae, cyanobacteria, bacteria,archaea, protozoa

important links between producers 
and top consumers

protozoa

Decomposing organic matter Bacteria, archaea, fungi

biogeochemical cycling All

structuring communities Viruses, Bacteria

Soil formation Fungi, bacteria

what are the important effects of microbial groups in nature



Thank you


