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Preface 

The course in Management and rational use of natural resources with special 

emphasize of climate change is intended for MSc students of Faculty of 

Agrobiology and Phytosanitary at the Department of Ecology at Kazakh National 

Agrarian University. The course is given as a set of lectures and seminars where 

students learn about environmental management and climate change. This is an 

introductory course in environmental management where students learn about the 

basic concepts in Management and rational use of natural 

resources with special emphasize of climate change and begin to 

appreciate the essential role ecologz play in the nowadays society. Student should 

be able to understand key ecological process in the environment, and adaptation 

and mitigation aspects of the society. Special attention is given to the global 

change of climate, the biodiversity crisis, and explosion of human population. By 

completing the course student will be in a very good position to understand the 

main process and methodical tools (modeling, data analyses, decision support 

systems and some other management tools). 

Report 

The aim of Microbial ecology course was to introduce students to the main 

issues of microbial ecology. Microbial ecology is the study of microbial 

communities in the environment (soil, water, atmosphere), their activities and their 

impact on the environment. In order to understand the impact of microbes on the 

environment student have first reviewed biology of different microbial groups 

(bacteria, archea, fungi, protozoa and viruses). Next the concept of everything is 

everywhere was discussed. Students learned how microbes structure the 

environment and how they produce its basic structure. The basic questions one 

should ask about the role of microbes in the environment have been discussed. 

Student learned which physico-chemical factors determine microbial growth. The 

main metabolic strategies which microbes use to survive in the environment were 

reviewed. Carbon and nitrogen cycle and the role of microbes in their cycling was 

discussed in detail. The role of microbes in biodegradation of natural and 

xenobiotic compounds, global warming gasses produced by microbes, nitrogen 

fixation, nitrification, denitrification, mineralization, mycorrhize were introduced. 

Finally methods in microbial ecology for microbe isolation, visualization and 

activity were introduced. 

Introduction 

 

Microbial ecology is the ecology of microorganisms: their relationship with 

one another and with their environment. It concerns the three major domains of 

life—Eukaryota, Archaea, and Bacteria—as well as viruses.
 
 

Microorganisms, by their omnipresence, have a major impact on the entire 

biosphere. Microbial life plays a primary role in regulating biogeochemical 

systems in virtually all of our planet's environments, including some of the most 

extreme, from frozen environments and acidic lakes, to hydrothermal vents at the 
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bottom of deepest oceans, and some of the most familiar, such as the human small 

intestine. As a consequence of the quantitative magnitude of microbial life 

(Whitman and coworkers calculated that there are 5.0×10
30

 microbial cells on the 

planet, eight orders of magnitude greater than the number of stars in the observable 

universe) microbes, by virtue of their biomass alone, constitute a significant carbon 

sink. Aside from carbon fixation, microorganism’s key collective metabolic 

processes (including nitrogen fixation, methane metabolism, and sulfur 

metabolism) control global biogeochemical cycling. The immensity of 

microorganism’s production is such that, even in the total absence of eukaryotic 

life, these processes would likely continue unchanged. 
 

 

FORM OF TEACHING AND MATERIALS 

The course consisted of lectures and practical seminars. The lectures were 

given with the help of power point and black board presentations as well as 

interactive oral discussions. Students were encouraged to participate actively in the 

lectures. Practical seminars were organized around solving practical questions in 

microbial ecology. Each seminar consists of several questions that students have to 

find answers. In case of difficulties we discussed possible solutions to the 

problems. In solving questions students developed microbial ecology intuition. 

Students had to practice what they had learnt during the lectures and seminars. 

Students received ppt slides of all lectures and seminars and recommended 

literature. After lectures and seminars a final consultation was organized to obtain 

the final grade. 

MAIN TOPICS 

The following main topics were discussed and studied.  

 Microbs and structure of the environment 

 Microbial biodiversity and the ecological role of different microbial groups 

 Biofilms  

 Microbe-microbe interactions 

 Plant-microbe interactions 

 Animal-microbe interactions 

 Microbs and carbon cycling 

 Microbes and nitrogen cycling 

 Methods in Microbiology 

Topic of practical seminars 

1.Beeing small. What is the average size of virus, bacteria, yeast, fungi, protozoa? 

What is an advantage of being small? 

2. Bacteria 

What is the size and shape of bacteria? 

What kind of bacterial functional groups exists? 

3. Respiration 

What is the difference between aerobic and anaerobic respiration? 
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Which electron donors and acceptors can be used by microorganisms? 

What is the thermodynamical order of using alternative electron acceptors? 

4. Archeobacteria 

What are the differences between bacteria and archea? 

What are the main archeobacteria functional groups?  

5. Eukaryiotic microorganisms 

What are the main groups of eukaryitic microorganisms? 

What are the difference between fungi, algae and protozoa? 

6. Viruses  

What is the role of viruses in the environment? 

What kind of viral reproduction strategies exsist? 

Why are viruses important in horizontal gene transfer? 

7. Biofilms  

What are the main stages of biofilm development process? 

What is the difference between reversible and irreversible microbe attachment? 

What is the composition of extracellular matrix? 

8. Biofilms and gradients 

What kind of heterogeneity exist in biofilms? 

How is oxygen concentration changing in the biofilm? 

Why are antibiotics less efective in the biofilm? 

9. Commensalism 

What is comensalism? 

What kind of microbial comensal interactions do you know? 

How microbes detoxify environment for other microbes? 

10. Synergy 

What is synergy? 

What kind of microbe-microbe synergistic interactions do you know? 

11. Rhyzosphere 

Which parts of plant root system are microbially active? 

What kind of gradients exist in the rhyzosphere? 

What is rhizodeposition and how it affects microbial activity? 

12. Mycorrhizae 

Describe different kinds of mycorrhizae. 

How plant and microbe interact during the initiation of endomycorrhizae? 

How plant and fungi exchange nutrients in mycorrhizae? 

13. Gut microbial ecology 

How is gut of ruminants different from non-ruminants? 

Describe ruminant digestion and the role of microbes. 

What is the benefit of microbial digestion for the ruminant? 

14. Cellulose, hemicelluloses, and lignin  biodegradation 

Describe structure of cellulose microfibrile. 

How are cellulose and hemicellulose biodegraded? 

Why it is so difficult to biodegrade lignin? 

15. Collagen and keratin biodegradation 

What is the chemical composition of animal tissue? 

What is the structure and biodegradability of collagen? 

What is the structure and biodegradability of keratin? 



16. Nitrogen fixation 

Describe how plant and microbe interact during initiation of symbiosis. 

Describe the exchange of nutrients between plant and Rhyzobium. 

Howmuch nitrogen can be fixed? 

17. Nitrogen mineralization / immobilization 

What is the driving force for nitrogen mineralization? 

Explain the concept of net mineralization / immobilization. 

How plants obtain nitrogen even if we do not give them nitrogen fertilizers? 

18. Nitrification 

Why is nitrification environmentally important? 

What regulates nitrification? 

Plant and nitrifier compete for ammonium, what is the outcome? 

19. Denitrification 

Why are denitrifiers ubiquitous in the environment? 

What are regulatory parameters of denitrification? 

What is the environmental consequence of denitrification? 

20. Methods for isolation and visualization of microbes 

How do you enrich different groups of microorganisms from the environment? 

How do you visualize microbes in the environment? 
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The teaching program (Syllabus) with discipline of 

 “Microbial ecology” for master students in 2015 - 2016 year  

6M060800-Ecology  

1. Basic information 

 Faculty Agrobiology and phytosanitary 

Speciality (code, name) 6M060800 “Ecology” 

Course, semester 1
st 

course, 1
st
 semester 

Amount of credits 2 

Auditorium Building 4, Auditorium 414 

Teacher of Lecture Lessons Prof. Dr. David Stopar 

Teacher of Practical Lessons Prof. Dr. David Stopar 

2. Pro- properties and Post- properties 

Pro- properties  Students were motivated to learn new subject, they were 

attentive and observant, they tried to actively participate in 

the discussions. Based on my judgment students have 

benefited a lot from attending the course since the majority 

of information was new to them. 

Post- properties There was an obvious insufficiency in English 

conversation skills, students had a weak background in 

microbiology, biochemistry and molecular biology, which 

hampered their progress.  

3. Aims and requirements of course 

Aims: to realize the importance of microbes in structuring and functioning of the environment, 

to appreciate the role of microbes in the environment, to understand how microbes are studied in 

the environment, to understand how microbes interact with animals and plants, to understand 

how microbial activity changes the environment.  

Tasks and problems 

Students were able to follow the instructions given to them during lectures and practical 

seminars. The time frame of the course and the amount of credit points given to the course does 

not permit laboratory work of the students. A field work would be a very nice addition to theory 

although it might be difficult to organize.   

As a result of studying the course, students should:  

 Be aware of the enormous microbial diversity in nature, its role in the cycling of chemical 

elements, and its potential in the application in biotechnology and ecosystem services. 

 Be able to understand and explain key microbial processes in the environment and know basic 

diagnostic tools that are currently available to study the diversity and activity of microorganisms 

in natural and man-made environments. 

 Be able to explain the global element cycles and the functional groups of microorganisms that 

catalyze the reactions in these cycles. 

4. Workload for students 

 

Total 
 

Auditorium lessons Out of class work 

 Lecture Lessons 

  
Practical 

Lessons 

Independent 

work 

Of masters 

with teacher 

Independent 

work 

of masters 

2 credit 

90 hours 

  

 

50  

  minutes\lesson 

50  

  minutes\lesson 

 

20 

 

40 

   10 lesson 

     

20 lesson 

5. Content of lessons: 

Microbial habitats, microbial groups, microbes and environmental gradients, microbial response 

to environmental stress, microbial metabolic biodiversity, phototrophy, litotophy, fementation, 



aerobic and anaerobic respiration, microbes and biogeochemical cycles, cellulose, 

hemicellulose, lignin, collagen, keratin, oil, and xenobiotic biodegradation, nitrogen 

mineralization and immobilization, nitrification and denitrification, biological fixation of 

nitrogen, rhyzosphere, mycorhizae, methods for microbial isolation and enrichment from the 

environment, molecular techniques in microbial ecology, techniques for measuring microbial 

activity  

6. Policy of a course  

- not to be late for occupations; 

- not to skip class without good reason; 

- in due time to fulfill the skipped classes; 

- actively to participate in educational process; 

- not to distract during occupations (not to talk, not to read any literature, to switch-off cell 

phones); 

- to perform all tasks and to hand over them to the teacher strictly in the stipulated terms; 

- not to allow to delivery of total control in the absence of the abstract of lectures and a material 

on laboratory occupations 

- to observe appropriate etiquette in educational institution (appearance, behavior) and 

subordination in the relations with teachers. 

To come on examination the student has to get not less than 50 points on the current control. If 

the student for any reasons doesn't gain 50 points, he is given an additional task. At 

examination the student gets at most 100 points. For this purpose the student has to answer 

everything the asked 4 questions on discipline. If answers are not full or only on 1 or 2 

questions, points decrease. 
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8. The schedule of performance and delivery of tasks on discipline 

Types of work Positions Points 
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points  % 

Class work, including: 

 Lecture   visit activity execution  100 100  

Practical /seminars visit activity execution: 

homework, calculation and 

graphic tasks, etc. 

100 100 

Intermediate control  

(the form of the point) 1 week 

2 week  

100 100 

Independent work of undergraduates 

View Schedule (weeks) Positions Qualification 

Report, essay, essay, a 

glossary, a control, a 

semester, settlement and 

graphic work, course 

project (work), a group 

project, and others. 

issuing 

assignments 

delivery 

of the 

work 

Design and its 

timely 

submission,  

protection work 

points % 

100 100 

Boundary control (Lecture work, interim control) 100 100 

The final control  

(exam) 

Term form (written, or a combined test) 

and the number of questions 

100 100 

The final grade 100 

 

Completed by: Prof. Dr. David Stopar 

 

The final grade of the student in each discipline is given by: 

 
where the final grade - the final assessment of the discipline; 

PK1 and PK2 - landmark points for control 1 and 2; 

E - Assessment Exam (on a 100-point scale). 

The final grade is put in the gradebook and the student's transcript in the alphabetical and 

numerical terms. 

Alphabetic system of evaluation of educational achievements of students 

A summary of letter 

system 

Numbers equivalent 

points 

percentage (points on a 

100-point scale) 

A summary of 

the traditional 

system 

А 4,0 95-100 excellent  

А- 3,67 90-94 

В+ 3,33 85-89 good  

 

 
В 3,0 80-84 

В- 2,67 75-79 

С+ 2,33 70-74 satisfactory  

 

 

 

 

С 2,0 65-69 

С- 1,67 60-64 

D+ 1,33 55-59 

D 1,0 50-54 

F 0 0-49 Unsatisfied 
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textbook 
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The thematic plan of the course Microbial ecology. 

        

                                                                                                                                                                                                    Auditorium lessons: 30 hours 

Includes lectures :10 hours and 

                                                                                                                                                                                                  Practical lessons : 20 hours 

 

Lectures- 10 hours 

No Lecture topics Hours Presentation 

Material 

Literature for students 

1 Microbs and structure of the environment 

 

2 Power Point 

Presentation 

De Wit, Rutger; Bouvier, Thierry (2006). "'Everything is 

everywhere, but, the environment selects'; what did Baas Becking 

and Beijerinck really say?". Environmental Microbiology 8 (4): 

755–8. doi:10.1111/j.1462-2920.2006.01017.x. PMID 16584487. 

2 Microbial biodiversity and the ecological role 

of different microbial group 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

3 Biofilms 1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

4 Microbe-microbe interaction 1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

5 Plant-microbe interaction 1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

6 Animal-microbe interactions 1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

7 Microbs and carbon cyclin 1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

8 Microbes and nitrogen cycling 1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

9 Methods in Microbiology 1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

Practical Lessons – 20 hours 

http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1111%2Fj.1462-2920.2006.01017.x
http://en.wikipedia.org/wiki/PubMed_Identifier
http://www.ncbi.nlm.nih.gov/pubmed/16584487


No Practical topics Hours Presentation 

Material 

Literature for students 

1 Beeing small 

What is the average size of virus, bacteria, 

yeast, fungi, protozoa? 

What is an advantage of being small? 

Where do we see microbial activity in the 

environment? 

1 Power Point 

Presentation 

De Wit, Rutger; Bouvier, Thierry (2006). "'Everything is 

everywhere, but, the environment selects'; what did Baas Becking 

and Beijerinck really say?". Environmental Microbiology 8 (4): 

755–8. doi:10.1111/j.1462-2920.2006.01017.x. PMID 16584487. 

2 Bacteria 

What is the size and shape of bacteria? 

What kind of bacterial functional groups exists? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

3 Respiration 

What is the difference between aerobic and 

anaerobic respiration? 

Which electron donors and acceptors can be 

used by microorganisms? 

What is the thermodynamical order of using 

alternative electron acceptors? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

4 Archeobacteria 

What are the differences between bacteria and 

archea? 

What are the main archeobacteria functional 

groups?  

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

5 Eukaryiotic microorganisms 

What are the main groups of eukaryitic 

microorganisms? 

What are the difference between fungi, algae 

and protozoa? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

6 Viruses  

What is the role of viruses in the environment? 

What kind of viral reproduction strategies 

exsist? 

Why are viruses important in horizontal gene 

transfer? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1111%2Fj.1462-2920.2006.01017.x
http://en.wikipedia.org/wiki/PubMed_Identifier
http://www.ncbi.nlm.nih.gov/pubmed/16584487


7 Biofilms  

What are the main stages of biofilm 

development process? 

What is the difference between reversible and 

irreversible microbe attachment? 

What is the composition of extracellular 

matrix? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

8 Biofilms and gradients 

What kind of heterogeneity exist in biofilms? 

How is oxygen concentration changing in the 

biofilm? 

Why are antibiotics less efective in the biofilm? 

1 Power Point 

Presentation 

Cabisol E., Tamarit J., Ros J.(2000) Oxydative stress in bacteria 

and protein demage by reactive oxygen species. Internatl. 

Microbiol. 3:3-8 

http://www.im.microbios.org/09march00/03%20Cabiscol.pdf 

 

9 Commensalism 

What is comensalism? 

What kind of microbial comensal interactions 

do you know? 

How microbes detoxify environment for other 

microbes? 

1 Power Point 

Presentation 

Hall-Stoodley L., William Costerton J., Paul Stoodley P. (2004) 

Bacterial biofilms: from the Natural environment to infectious 

diseases Nature Reviews Microbiology 2, 95-108  

doi:10.1038/nrmicro821 

10 Synergy 

What is synergy? 

What kind of microbe-microbe synergistic 

interactions do you know? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

11 Rhyzosphere 

Which parts of plant root system are 

microbially active? 

What kind of gradients exist in the 

rhyzosphere? 

What is rhizodeposition and how it affects 

microbial activity? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

12 Mycorrhizae 

Describe different kinds of mycorrhizae. 

How plant and microbe interact during the 

initiation of endomycorrhizae? 

How plant and fungi exchange nutrients in 

mycorrhizae? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

http://www.im.microbios.org/09march00/03%20Cabiscol.pdf


13 Gut microbial ecology 

How is gut of ruminants different from non-

ruminants? 

Describe ruminant digestion and the role of 

microbes. 

What is the benefit of microbial digestion for 

the ruminant? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

14 Cellulose, hemicelluloses, and lignin  

biodegradation 

Describe structure of cellulose microfibrile. 

How are cellulose and hemicellulose 

biodegraded? 

Why it is so difficult to biodegrade lignin? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

15 Collagen and keratin biodegradation 

What is the chemical composition of animal 

tissue? 

What is the structure and biodegradability of 

collagen? 

What is the structure and biodegradability of 

keratin? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

16 Nitrogen fixation 

Describe how plant and microbe interact during 

initiation of symbiosis. 

Describe the exchange of nutrients between 

plant and Rhyzobium. 

Howmuch nitrogen can be fixed? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

17 Nitrogen mineralization / immobilization 

What is the driving force for nitrogen 

mineralization? 

Explain the concept of net mineralization / 

immobilization. 

How plants obtain nitrogen even if we do not 

give them nitrogen fertilizers? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 



18 Nitrification 

Why is nitrification environmentally important? 

What regulates nitrification? 

Plant and nitrifier compete for ammonium, 

what is the outcome? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

19 Denitrification 

Why are denitrifiers ubiquitous in the 

environment? 

What are regulatory parameters of 

denitrification? 

What is the environmental consequence of 

denitrification? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

20 Methods for isolation and visualization of 

microbes 

How do you enrich different groups of 

microorganisms from the environment? 

How do you visualize microbes in the 

environment? 

1 Power Point 

Presentation 

Kirchman D.A. (2012) Processes in Microbial ecology 

 

Completed by: Prof. Dr. David Stopar 



 
List of tasks 

Independent work of masters for ecology specialties on discipline of   

«Microbial ecology»  

№ Task for independent work Hour Recommended literatury and 

other sources 

Reporting 

form 

1 2 3 4 5 

(40 hours) 

1 How would you use 

chemolitotrophs in biomining? 

8 Kirchman D.A. (2012) 

Processes in Microbial ecology 

 Report 

2 Describe the exchange of 

nutrients between plant and 

Rhyzobium. 

8 Kirchman D.A. (2012) 

Processes in Microbial ecology 

Report 

3 Methane production. What are 

the substrates for methane 

production? 

8 Kirchman D.A. (2012) 

Processes in Microbial ecology 

Report 

4 How is gut of ruminants different 

from non-ruminants? 

 

8 Kirchman D.A. (2012) 

Processes in Microbial ecology 

Report 

5 What is the benefit of microbial 

digestion for the ruminant? 

8 Kirchman D.A. (2012) 

Processes in Microbial ecology 

Report 

(20 hours) 

1 Mycorrhizae. Describe different 

kind of mycorrhizae. 

 

4 Kirchman D.A. (2012) 

Processes in Microbial ecology 

Report 

2 How plant and microbe interact 

during the initiation of 

mycorrhizae? 

4 Kirchman D.A. (2012) 

Processes in Microbial ecology 

Chapter 2 

 

3 Describe ruminant digestion and 

the role of microbes. 

4 Cabisol E., Tamarit J., Ros 

J.(2000) Oxydative stress in 

bacteria and protein demage by 

reactive oxygen species. 

Internatl. Microbiol. 3:3-8 

http://www.im.microbios.org/0

9march00/03%20Cabiscol.pdf 

 

 

4 How plant and fungi exchange 

nutrients in mycorrhizae? 

Methods for isolation and 

visualization of microbes.  

 

4 Hall-Stoodley L., William 

Costerton J., Paul Stoodley P. 

(2004) Bacterial biofilms: from 

the Natural environment to 

infectious diseases Nature 

Reviews Microbiology 2, 95-

108  doi:10.1038/nrmicro821 

 

http://www.im.microbios.org/09march00/03%20Cabiscol.pdf
http://www.im.microbios.org/09march00/03%20Cabiscol.pdf


5 Denitrification. Why are 

denitrifiers ubiquitous in the 

environment? 

 

4 Kirchman D.A. (2012) 

Processes in Microbial ecology 

Chapter 1 

 

  

Completed by: Prof. Dr. David Stopar 
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LECTURE 1-2 

Introduction about topics and course. Everything is everywhere.  How microbes structure 

environment? Key concepts and questions in microbial ecology. 

 

Microbial communities are vital in the functioning of all ecosystems; however, most 

microorganisms are uncultivated, and their roles in natural systems are unclear. Here, using 

random shotgun sequencing of DNA from a natural acidophilic biofilm, we report reconstruction 

of near-complete genomes of Leptospirillum group II and Ferroplasma type II, and partial 

recovery of three other genomes. This was possible because the biofilm was dominated by a 

small number of species populations and the frequency of genomic rearrangements and gene 

insertions or deletions was relatively low. Because each sequence read came from a different 

individual, we could determine that single-nucleotide polymorphisms are the predominant form 

of heterogeneity at the strain level. The Leptospirillum group II genome had remarkably few 

nucleotide polymorphisms, despite the existence of low-abundance variants. The Ferroplasma 

type II genome seems to be a composite from three ancestral strains that have undergone 

homologous recombination to form a large population of mosaic genomes. Analysis of the gene 

complement for each organism revealed the pathways for carbon and nitrogen fixation and 

energy generation, and provided insights into survival strategies in an extreme environment. 

Dynamic changes in the chemical environment in the bottom of overlying water and 

microbial community structure in trench and flat seabed sediments were evaluated during 

summer and autumn in Tokyo Bay, Japan, to elucidate the response of microbial community 

changes as a consequence of dredging activity. Quinone profile analysis was performed to 

evaluate the changes in microbial community structure in the sediments. Bottom shape and 

location of each station affected the chemical environment of the overlying water. The trench 

bottom shape had longer anoxic conditions than the flat bottom shape. Nitrogen and phosphorus 

concentrations affected the microbial density in the sediment. During anoxic conditions, the 

ubiquinone/menaquinone ratio (UQ/MK) was less than unity and increased with rising dissolved 

oxygen (DO) concentrations. The dominant quinone species in the trench and flat seabed 

sediments were MK with 6 and 7 isoprene units (MK-6 and MK-7) and UQ with 8 and 9 

isoprene units (UQ-8 and UQ-9). MK-6 and UQ-8 containing bacteria might have a great 

influence on the sulfur cycle of the aquatic ecosystem. While, MK-7 and UQ-9 containing 

bacteria correlated with the deposition of phototropic bacteria cells onto the seabed sediment. 

The trench bottom shape contained higher concentrations of MK-6, MK-7, UQ-8 and UQ-9, 

especially during summer. 

 Despite the focus of modern microbiology research on pure culture, planktonic (free-

swimming) bacteria, it is now widely recognized that most bacteria found in natural, clinical, and 

industrial settings persist in association with surfaces. Furthermore, these microbial communities 

are often composed of multiple species that interact with each other and their environment. The 

determination of biofilm architecture, particularly the spatial arrangement of microcolonies 

(clusters of cells) relative to one another, has profound implications for the function of these 

complex communities. Numerous new experimental approaches and methodologies have been 

developed in order to explore metabolic interactions, phylogenetic groupings, and competition 

among members of the biofilm. To complement this broad view of biofilm ecology, individual 

organisms have been studied using molecular genetics in order to identify the genes required for 

biofilm development and to dissect the regulatory pathways that control the plankton-to-biofilm 

transition. These molecular genetic studies have led to the emergence of the concept of biofilm 

formation as a novel system for the study of bacterial development. The recent explosion in the 

field of biofilm research has led to exciting progress in the development of new technologies for 

studying these communities, advanced our understanding of the ecological significance of 

surface-attached bacteria, and provided new insights into the molecular genetic basis of biofilm 

development. Our perception of bacteria as unicellular life forms is deeply rooted in the pure-

culture paradigm. Since bacteria can, in a strict sense, be diluted to a single cell and studied in 

liquid culture, this mode of operation has been exploited and used to study many bacterial 



activities. Although this traditional way of culturing bacteria in liquid medium has been 

instrumental in the study of microbial pathogenesis and enlightening as to some of the amazing 

facets of microbial physiology, pure-culture planktonic growth is rarely how bacteria exist in 

nature. For example, environmental microbiologists have long recognized that complex bacterial 

communities are responsible for driving the biogeochemical cycling that maintains the 

biosphere. Until recently, the lack of methods for exploring these communities in situ has 

hampered detailed analyses. Fortunately, recent advances in microscopy and molecular 

technologies have made it possible to examine such communities in situ in great detail and 

without the bias of liquid culture. Direct observation of a wide variety of natural habitats has 

established that the majority of microbes persist attached to surfaces within a structured biofilm 

ecosystem and not as free-floating organisms. Moreover, it is becoming clear that these natural 

assemblages of bacteria within the biofilm matrix function as a cooperative consortium, in a 

relatively complex and coordinated manner. Hence, although microorganisms can have an 

independent planktonic existence, an interdependent lifestyle in which they function as an 

integral part of a population or community is also possible and is, in fact, more typical.  

Complex Attached and Aggregated CommunitiesWhat constitutes a bacterial community? 

From an ecological perspective, populations of bacteria arise from individual cells, and 

metabolically similar populations (e.g., sulfate- and sulfur-reducing bacteria) constitute 

groupings referred to as guilds. Sets of guilds (e.g., fermentative, sulfate- and sulfur-reducing, 

and methanogenic bacteria) conducting interdependent physiological processes form microbial 

communities. In essence, biofilms represent an interdependent community-based existence. 

Biofilms can be composed of a population that developed from a single species or a community 

derived from multiple microbial species, and they can form on a vast array of abiotic and biotic 

surfaces. Microorganisms also form natural assemblages at air-water interfaces and in 

suspensions, such as anaerobic digestors, in which they preferentially aggregate to form flocs or 

granules. Although the substrata for attachment are difficult to discern in these granules, we view 

these assemblages as biofilm communities. For the purpose of this review, biofilms are broadly 

defined as assemblages of microorganisms and their associated extracellular products at an 

interface and typically attached to an abiotic or biotic surface. Collective BehaviorShapiro 

proposed the view of bacteria as interactive organisms capable of significant collective activity 

as a general bacterial trait over a decade ago. Complex differentiation and collective behavior 

have been demonstrated for a number of different organisms under a variety of different 

situations. Most notable are species of Myxococcus that differentiate when starved to form 

elaborate fruiting bodies ,Anabaena during heterocyst development  ,Bacillus subtilis during its 

metamorphosis into spores , Streptomyces coelicolor during its morphological differentiation in 

response to nutritional conditions, and Serratia liquefaciens during the migration of populations 

by means of swarming motility. These examples surely testify to the ability of microorganisms to 

exploit intercellular interactions and communication to facilitate their adaptation to changing 

environmental parameters. At first glance, however, it is not obvious that the majority of 

prokaryotes are capable of such coordinated collective behavior unless one considers them in the 

context of biofilms. Whether single- or multispecies, the development of biofilms requires 

multicellular behavior. As we will explore below, the development of a biofilm is a complex 

process that requires collective bacterial behavior. What's more, in contrast to the other examples 

of development described above, the collective behavior can involve more than one bacterial 

species. Biofilm formation may require coordination with, interactions of, and communication 

between multiple bacterial species. The natural habitats of prokaryotes are remarkably diverse . 

Prokaryotes can inhabit any environment that is suitable for higher life forms, as well as a variety 

of inhospitable settings that the majority of higher life forms would find extremely objectionable. 

Their ability to persist throughout the biosphere is due, in part, to their unequaled metabolic 

versatility and phenotypic plasticity. One key element of their adaptability is their ability to 

position themselves in a niche where they can propagate. Numerous positioning mechanisms 

have been discovered in bacteria. The most common mechanism is flagellar motility and 

different methods of surface translocation, including twitching, gliding, darting, and sliding. 

However, there are other mechanisms utilized by bacteria to position themselves in response to 



their environment. Some species are able to affect their position by synthesizing cellulose, 

thereby forming a fibrous pellicle that places cells near the air-water interface. In addition, 

cellulose synthesis aids in attachment to surfaces such as plant cells. Other bacteria, such as the 

purple sulfur bacterium Amoebobacter purpureus, modulate their density in order to position 

themselves. These photosynthetic bacteria position themselves at different levels in the water 

column in response to light intensity by producing gas vesicles for bouyancy or synthesizing 

carbohydrates or forming aggregates in order to sink. In addition, some species have 

magnetosomes (intracellular structures consisting of a crystal of a magnetic mineral surrounded 

by a membrane) that cause the cells to passively align with the Earth's geomagnetic field, thereby 

restricting lateral excursions. One of the most important positioning mechanisms is aggregation 

or attachment. Aggregation enhances cell-cell interaction as well as the sedimentation rate of 

cells. Through attachment, the bacteria not only position themselves on a surface; they can form 

communities and obtain the additional benefit of the phenotypic versatility of their neighbors. 

Since a surface-attached lifestyle is ubiquitous, it is likely that this type of sessile community-

based existence is a critical characteristic for persistence of the bacteria. Organisms can exist in 

an environment independently, but in many cases they proliferate more effectively by interacting 

and forming communities. Some of the concepts discussed in the following sections are 

illustrated in Fig. 1.  

 

Fig. 1. 

Ecology of microbial communities. Top-down view of an idealized surface-attached 

microbial community, illustrating some of the major concepts pertaining to the ecology of 

biofilms discussed in the text. The four microcolonies at the center of the figure represent 

organisms that both generate and consume hydrogen and comprise two organisms that 

participate in syntrophism (see text). Fermenting organisms produce organic acids used by the 

hydrogen producers, and these fermenting organisms gain their carbon and energy by utilizing 

various sugars. In addition to potential metabolic interactions between organisms, signaling 

molecules may aid in inter- and intraspecies communication. The factors described above (as 

well as environmental influences) may all contribute to the spatial organization of the biofilm. 

As shown here, microcolonies in natural communities can comprise either a single or multiple 

bacterial species. The proximity of different microbes allows the possibility of physical 

interactions in addition to communication via diffusible factors.  

Bacterial communities in nature play a key role in the production and degradation of 

organic matter, the degradation of many environmental pollutants, and the cycling of nitrogen, 

sulfur, and many metals. Most of these natural processes require the concerted effort of bacteria 

with different metabolic capabilities, and it is likely that bacteria residing within biofilm 

communities carry out many of these complex processes. Studies in bioreactors and enrichment 

cultures have shown that biofilms are involved in the processing of sewage (see below), in the 

treatment of groundwater contaminated with petroleum products, and in nitrification. Biofilms 

also form in many extreme environments, such as in acid mine drainage (at a pH of 0), where 

they contribute to the cycling of sulfur. Cyanobacterial mat biofilms have been intensively 

studied in thermal springs, and recently, researchers have started to investigate biofilms in the 

“desert-like” lake ice cover in Antarctica . Complex structured communities in these extreme 

environments have been found to conduct a variety of biological processes, such as 

photosynthesis, nitrogen fixation, and fermentation.  
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Another type of biofilm community that is being investigated is the bacterial assemblages 

associated with suspended particles of organic and inorganic material in the marine environment. 

Researchers have shown that these macroscopic particles, often referred to as marine snow, are 

enriched in microbial biomass, nutrients, and trace metals and are involved in biogeochemical 

transformation of particulate organic carbon in the pelagic environment7 Although the 

importance of microbial communities associated with these macroscopic particles has not been 

thoroughly investigated, methanogenesis, nitrogen fixation, and sulfide production  have been 

detected in these particles, indicating microbial activity. Moreover, microbial production of 

methane or sulfide as well as nitrogen fixation only occurs under anoxic conditions; therefore, 

the data indicate that anaerobic metabolism is being performed in an otherwise oxygenated 

environment. Also, these aggregates have been examined with oxygen microelectrodes, and 

steep redox gradients were found in these biofilms, providing additional evidence of anaerobic 

metabolism. In a study by Rath et al., the phylogenetic diversity of the bacterial community 

associated with marine snow was assessed by amplifying and classifying small-subunit 

ribosomal DNA (rDNA) fragments from nucleic acids extracted from samples of marine snow 

collected in the northern Adriatic Sea. These experiments showed that bacterial colonization of 

marine snow can result in diverse and complex assemblages, with specific phyla being 

associated with the particles. Also, the nature of the associated phylogenetic groups was found to 

be similar to that of other assemblages found in marine sediments and terrestrial soils.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LECTURE 3-4 

Different microbes, their structure and ecological role. 

 

The small subunit ribosomal RNA gene (SSU rRNA) has been the cornerstone of 

microbial ecology studies over the last 15 years, and has provided much of what we know about 

Bacterial and Archaeal diversity and community structure, and has greatly aided microbial 

taxonomy. Genomics is aiding our understanding of the relationships among closely related 

organisms, and ultimately of natural populations.  

In a recent study the available 16S rRNA genes from species type strains were examined. 

The most distant sequences in the median genus and family were about 4.4% and 14% different, 

respectively. The largest dissimilarity between a sequence and its closest relative in the same 

taxa (similar to single-linkage clustering distance) was 3.5% and 10% for the median genus and 

family. The ratio of the two values averaged less than 1.5 for all ranks, indicating that most taxa 

are not elongated, but are fairly spherical. When the near-full-length 16S rRNA gene sequences 

in the public databases were clustered into groups at proxy distances for species, genus, family 

and order, the number of clusters with time increased exponentially for all ranks documenting 

the enormous diversity of the microbial world. (Recommended reading: The Archaea)  

Genomics and Metagenomics 

The extensive suite of molecular-based approaches developed over the past decade has 

enabled the field of metagenomics, the study of uncultured microorganisms. Paramont to 

metagenomic analysis is use of high-throughput DNA sequencing technologies, which with the 

advent of low cost next-generation methods is transforming metagenomics. The application of 

metagenomics, to both global environments and microbes associated with a living host, has 

facilitated study of the functional ecology of environmental microorganisms. Novel functional 

genes and environmental functional signatures can be retrieved using metagenomics, and these 

can form the basis of hypothesis driven analyses of uncultured microorganisms. A with any 

technology, the daunting task is to understand and apply the growing number of metagenomic 

sequences in the context of microbial ecology and evolution.  

Metaproteomics 

Microbial ecology is currently experiencing a renaissance spurred by the rapid 

development of molecular techniques and "omics" technologies in particular. As never before, 

these tools have allowed researchers in the field to produce a massive amount of information 

through in situ measurements and analysis of natural microbial communities, both vital 

approaches to the goal of unraveling the interactions of microbes with their environment and 

with one another. While genomics can provide information regarding the genetic potential of 

microbes, proteomics characterizes the primary end-stage product, proteins, thus conveying 

functional information concerning microbial activity. Advances in mass spectrometry 

instrumentation and methodologies, along with bioinformatics approaches, have brought this 

analytic chemistry technique to relevance in the biological realm due to its powerful applications 

in proteomics. Mass spectrometry-enabled proteomics, including "bottom-up" and "top-down" 

approaches, is capable of supplying a wealth of biologically-relevant information, from simple 

protein cataloging of the proteome of a microbial community to identifying post-translational 

modifications of individual proteins.  

Nucleic-Acid-based Characterization 

Nucleic acid-based techniques were first used to characterise natural microbial 

communities in the early 1990s and are now used routinely. The ability to characterise 

communities without the requirement for cultivation has led to enormous advances in our ability 

to describe microbial communities and to determine the factors that influence their structure. 

New generations of molecular techniques provide even greater descriptive power and can be 

used to assess the physiological potential and ecosystem function of communities. They also 

enable microbial ecologists to address fundamental questions in population and community 

ecology, including investigation of the links between diversity and function. This chapter 

describes methods currently used to analyse nucleic acids extracted from environmental samples, 

and shows how they can be used to characterise communities. It also looks ahead to exciting new 
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technologies that are likely to increase greatly our ability to explore and understand the complex 

functions and interactions of microbial communities in natural environments.  

Microarrays in Microbial Ecology 

Microarrays have proven to be a useful and high-throughput method to provide targeted 

DNA sequence information for up to many thousands of specific genetic regions in a single test. 

A microarray consists of multiple DNA oligonucleotide probes that, under high stringency 

conditions, hybridize only to specific complementary nucleic acid sequences (targets). A 

fluorescent signal indicates the presence and, in many cases, the abundance of genetic regions of 

interest. In this chapter we will look at how microarrays are used in microbial ecology, especially 

with the recent increase in microbial community DNA sequence data. Of particular interest to 

microbial ecologists, phylogenetic microarrays are used for the analysis of phylotypes in a 

community and functional gene arrays are used for the analysis of functional genes, and, by 

inference, phylotypes in environmental samples. A phylogenetic microarray that has been 

developed by the Andersen laboratory, the PhyloChip, will be discussed as an example of a 

microarray that targets the known diversity within the 16S rRNA gene to determine microbial 

community composition. Using multiple, confirmatory probes to increase the confidence of 

detection and a mismatch probe for every perfect match probe to minimize the effect of cross-

hybridization by non-target regions, the PhyloChip is able to simultaneously identify any of 

thousands of taxa present in an environmental sample. The PhyloChip is shown to reveal greater 

diversity within a community than rRNA gene sequencing due to the placement of the entire 

gene product on the microarray compared with the analysis of up to thousands of individual 

molecules by traditional sequencing methods. A functional gene array that has been developed 

by the Zhou laboratory, the GeoChip, will be discussed as an example of a microarray that 

dynamically identifies functional activities of multiple members within a community. The recent 

version of GeoChip contains more than 24,000 50mer oligonucleotide probes and covers more 

than 10,000 gene sequences in 150 gene categories involved in carbon, nitrogen, sulfur, and 

phosphorus cycling, metal resistance and reduction, and organic contaminant degradation. 

GeoChip can be used as a generic tool for microbial community analysis, and also link microbial 

community structure to ecosystem functioning. Examples of the application of both arrays in 

different environmental samples will be described in the two subsequent sections.  

The Soil Environment 

Kornelia Smalla and Jan Dirk van Elsas Until fairly recently, the living soil has been 

considered as a functional black box that is intrinsically too difficult to be unravelled into its core 

components. However, this concept has changed with the advent of the modern methodologies. 

The intricacies of microbial life in soil has been impacted by the advanced, mainly molecularly-

based, approaches that have been unleashed on the soil habitat in recent years. The application of 

molecular and other advanced methods (cultivation-independent analyses) has provided exciting 

new insights into microbial life in soil.  

Soil is an extremely diverse and complex habitat containing many microsites and gradients 

that form a range of different biogeochemical interfaces. Depending on the proportion of sand, 

silt and clay, the surface area in soil can vary from 11 cm
2
 up to 8 million cm

2
 per gram of soil 

read more.... The aggregates formed by minerals, soil organic matter, fungal hyphae, roots and 

plant debris offer a range of potential niches for microorganisms with different lifestyles. The 

architecture of the soil pore network essentially defines the habitat colonized by the 

microorganisms and the pore space strongly influences the nature and extent of the interactions 

between the organisms inhabiting the soil. The heterogeneous physical structure of soil affects 

the spatial distribution of water, oxygen and nutrients, which in turn influences the composition 

and activity of the microbial communities themselves. As an example, the spatial distribution of 

bacteria in topsoil and subsoil was found to be different, but lateral variations in spatial 

distributions are also likely to occur.  

In terms of their occurrence in microsites, bacteria can be found in soil as single cells but 

most often they occur as microcolonies, i.e. small agglomerates of cells that can be regarded as 

primative soil biofilms read more.... Microorganisms are the major drivers of geochemical and 

biotransformation processes in soil. In concert with the soil's inorganic and organic constituents, 
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microbes are influential in actively shaping the architecture of the soil matrix by the formation 

and restructuring of soil aggregates. In addition, the diversity of microbial communities is 

extremely high in most soils. There are only a few quantitative estimates of the numbers of 

microbial taxa that can co-exist in just a single gram of soil, but an advanced analysis of nucleic 

acid-based analyses, based on re-association kinetics, has suggested that prokaryotic diversity 

can reach 1 million species genomes per g, which by far exceeds the common estimates of 

bacterial richness in soil obtained from cultivation-based studies read more....  

A major driving force that spurs the microbial diversity of soil is the enormous 

heterogeneity of the soil habitat, allowing the formation of numerous niches. Different factors, 

such as the presence or absence of water, soil pH, temperature, redox potential and the soil 

organic matter content do not only influence the types of microbes colonizing the respective 

microniche but also their activity. All these factors can vary greatly between the different 

microhabitats and, thus, not only the composition but also the activity and interactions of the 

microbiota will largely vary due to the spatial and temporal heterogeneity between as well as 

within the microsites.  

A key determinant of microbial fitness in soil is the ability of microbial cells to fine-tune 

their cellular metabolism to the abiotic and biotic conditions that prevail locally. In addition, the 

rate of adaptation of microorganisms to changing environmental conditions might be enhanced 

by horizontal gene transfer processes read more.... Undoubtedly, the most important prerequisite 

for microbial life in soil is the availability of water. Next to being indispensable for microbial 

life, the water in soil carries dissolved gases, ions and nutrients to microorganisms, and, in cases 

of saturation, may quickly establish anaerobic conditions. For instance, an increase of the 

moisture content of soil can greatly influence the microbial communities that are locally present, 

in particular by connecting pore spaces in and among aggregates that were unconnected without 

water, thus increasing the aggregate connectivity. Predation by protozoa or Bdellovibrio species 

will therefore be particularly enhanced in relatively wet soils.  

Plant Microbial Communities 

Plants, both above- and below ground, offer diverse habitats for microbial colonization and 

growth. Plant-microbe interactions lie at the heart of plant performance and ecology. Plants 

provide various growth substrates and physical habitats for microbes on both sides of the air-soil 

interface, and numerous plant-associated niches have been exploited by specific microbial 

species, either by specializing on the distinct environmental conditions available, or entering into 

commensal, mutualistic, or parasitic interactions with plants. This chapter seeks to examine the 

state of the art with respect to our ability to characterize the structure, function and interactions 

of plant-associated microbial communities, with a particular focus on the role of molecular 

biological methods and environmental genomics strategies in promoting this field. We will pay 

particular attention to bacterial and fungal colonization of above and belowground plant surfaces 

(phyllosphere and rhizosphere, respectively), as well as in planta (endosphere) interactions of 

endophytic, parasitic and symbiotic microorganisms. Of particular importance to advancing this 

research field are emerging methodologies, including novel '-omics' approaches, that seek to link 

microbial identity to in situ functioning, and holistic approaches that capture the complexities 

involved in multiple plant-microbe interactions. (Recommended reading: Plant Pathogenic 

Bacteria)  

Marine Microbial Environments 

Ocean microbial communities play important roles in global geochemical cycles. From the 

earliest cultivation experiments to today's metagenomic analyses, most of the major discoveries 

in this field were driven by applications of novel methods. Molecular ecology had a major 

impact by revealing the true scope of microbial diversity and providing genetic markers that 

could be used to track important species, even in cases where cultures were unavailable. In some 

cases, metagenomics provided insight into the biochemical adaptations of these organisms. A 

renaissance in culturing technique led to isolates of many abundant ocean microbes that could 

then be studied in a laboratory setting. Today a consortium of approaches that span scales from 

molecules to ocean basins are being applied to ocean micobial ecosystems, with the result that 

marine microbiology is becoming a highly integrated science.  
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Human Microbial Environment 

Applications of recent advances in molecular methods have illuminated the previously 

hidden diversity of the microbial world that not only inhabits our bodies, but that also lives in a 

close symbiotic association with us. This human-associated microbiota, or human microbiome, is 

responsible for many key functions in our bodies. Increasing evidence suggests many important 

roles of individual members of the human microbiome and their respective influences towards 

ultimate health and disease of the host. This chapter highlights some of the important functions 

of the human microbiome, many of which were gleaned using different molecular approaches. 

The clinical field has thus greatly benefited from the molecular toolbox that was initially 

developed by microbial ecologists for investigation of other complex ecosystems, such as soil. 

As the field has progressively moved away from a dependence on cultivation-based approaches 

towards increasing reliance on molecular approaches, the amount of knowledge about the human 

microbiome composition and function has greatly expanded. Most recent studies using molecular 

tools, including various 'omics' approaches, have focused on the intestinal microbiota. Therefore, 

we have also primarily discussed the gut microbiota in this chapter. In addition, the influence of 

difference host-related factors, such as genetics, age, birth mode, diet and geographical location 

are discussed with respect to their impact on the composition and related function of the human 

microbiome. Some beneficial bacteria, such as probiotic strains, are beneficial whereas others are 

detrimental to human health. Some of the latter include correlations of microbial compositions to 

intestinal diseases and cancer. The more information that we have about the key roles of specific 

members of the human microbiome, the more potential we have for manipulation of the 

composition of the microbiota to enhance the prevalence of beneficial species and to diminish 

the amounts of detrimental ones. This is a guiding vision for future research in this area. 

(Recommended reading: Lactobacillus and Probiotics and Prebiotics)  

Wastewater Treatment 

Satoshi Okabe and Yoichi Kamagata Of Earth's diverse microbial habitats, wastewater 

treatment processes are one of the most elaborate anthropogenic niches geared towards one 

purpose: cleaning up water. Recent application of molecular techniques is unveiling the 

microbial composition and architecture of the complex communities involved in the treatment 

processes. It is now recognized that wastewater processes harbor a vast variety of 

microorganisms most of which are yet-to-be cultured, hence uncharacterized. In this chapter, the 

latest knowledge on diversity, structure and functions of microbial communities in nitrifying 

processes, anaerobic ammonia oxidation processes and methane fermenting processes are 

summarized.  

Bacterial Biofilms 

Many bacteria can grow and live as biofilms, in which single microbial cells individually 

interconnect with each other through an extracellular matrix. Biofilm-forming bacteria pose 

severe problems in the environment, industry and health care sector due to increased bacterial 

survival competence in the environment and the protective nature of biofilms that prevent 

effective eradication. Technological progress in microscopy, molecular genetics and genome 

analysis has significantly advanced our understanding of the structural and molecular aspects of 

biofilms, especially of extensively studied model organisms such as Pseudomonas aeruginosa. 

Biofilm development can be divided into several key steps including attachment, microcolony 

formation, biofilm maturation and dispersion; and in each step bacteria may recruit different 

components and molecules including flagella, type IV pili, DNA and exopolysaccharides. The 

rapid progress in biofilm research has also unveiled several genetic regulation mechanisms 

implicated in biofilm regulation such as quorum sensing and the novel secondary messenger 

cyclic-di-GMP. Understanding the molecular mechanisms of biofilm formation has facilitated 

the exploration of novel strategies to control bacterial biofilms. 
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LECTURE 5-6 

Oxygen. How are microbes grouped according to their oxygen demand? 

How microorganisms protect themselves from ROS? 

What determines oxygen concentration in the environment? 

 

A typical distillery, which uses cane molasses as raw material, generates over a million 

litres of spent wash daily. Besides being highly coloured and having extremely high chemical 

oxygen demand (COD) load the spent wash is difficult to treat by normal biological processes. 

The primary spent wash is generally used in an anaerobic digestion step to utilize its high COD 

load for fuel (methane) production while reducing its organic load. After conventional aerobic 

and anaerobic treatments the molasses spent wash becomes biologically inert because of 

accumulation of nonbiodegrad-able/recalcitrant compounds particularly melanoidins, which 

contribute to latent biochemical oxygen demand (BOD) (Fitzgibbonet al.1995). Inspite of high 

organic load it contains little, if any, readily available carbon. The main cause of recalcitrance of 

spent wash is the presence of melanoidins. These compounds have anti-oxidant properties, which 

render them toxic to many micro-organisms present in wastewater treatment processes 

(Fitzgibbonet al.\1995; Singh and Nigam 1995; Ghoshet al.2002). Identification of efficient 

indigenous micro-organisms with biodegradation potential is the key for developing 

bioremediation systems for effluent treatment (Slater and Somerville 1979; Victoriet al. 1996). 

Metabolic pathways for the catabolism of complex compounds that remain undegraded in the 

spent wash e.g. melanoidins, may not exist in the bacterial communities involved in conventional 

treatment systems. This might be responsible for the recalcitrance of the spent wash (Alaxander 

1981). Therefore, it is considered highly desirable to exploit the biodegradation potential of soil 

micro-organisms from polluted sites exposed to recalcitrant compounds of distillery spent wash 

for prolonged periods (Clarke 1984). As such polluted soils can facilitate selection of 

biodegradative capability in the micro-organisms it may act as reservoir of bacterial communities 

capable of degrading pollutants (Chakrabarty 1978). There are very few reports describing 

potential bacterial strains that can degrade recalcitrant compounds of molasses spent wash. In the 

present study, a systematic screening for biodegradable micro-organisms was made from the 

sites where distillery effluent was being discharged for the last several years. The bacterial 

communities capable of degrading recalcitrant carbon compounds of the distillery spen twash 

were isolated and analysed by amplified ribosomal DNA restriction analysis (ARDRA) and 

BOX-PCR to define their phylogenetic affinities. Each cluster was assigned to a bacterial 

genus/species on basis of the nucleotide sequence of the 16S rDNA. The role of each 

representative of the bacterial community in the biodegradation of distillery spent wash carbon 

compounds was evaluated.  

Distillery spent wash was collected from effluent treatment plant equipped with biphasic 

biomethanation system. The spent wash was collected from the oxidation ponds, where spent 

wash was stored after anaerobic (primary) and aerobic (secondary) treatment before disposal. 

The colour of the spent wash was dark brown and pH was other physico-chemical parameters of 

the spent wash were determined as described in standard methods for examination of water and 

wastewater (APHA 1995) (data not shown). Spent wash was filter-sterilized through 0 m pore 

size membrane filters (Millipore Corporation, Bedford, MA, USA) before use for the dumping of 

the treated spent wash. The soil samples were aseptically collected from 10 sites of KCT 

Distillery located in Unnao district of Uttar Pradesh in India. 

Microorganisms are of major important in industrial wastewater treatment, agricultural 

and aquaculture. They reside in the sediment and other substrates, and in the water of 

aquaculture facilities, as well as in and on the cultured species. Microorganisms may have 

positive or negative effects on the outcome of aquaculture operations. Positive microbial 

activities include elimination of toxic materials such as ammonia, nitrite, and hydrogen sulfide, 

degradation of uneaten feed, and nutrition of aquatic animals such as shrimp, fish; production of 

aqua-farmer. These and other functions make microorganisms key players in the health and 

sustainability of aquaculture. Yet, microorganisms are among the least known and understood 



elements in aquaculture. Like other areas in aquaculture, microorganisms require management 

and manipulation. 

The world of microorganisms is made of bacteria, fungi, algae, protozoa, and viruses. 

They are group together only because of their small size, and not by their function. If, for 

example, the same taxonomical rules were applied to larger animals, some fish, shrimp, green 

plants, birds and mammals would be grouped together. Some microorganisms such as viruses, 

bacteria, and protozoa are notoriously small, under one mm. Others, like algae and fungi, have 

large size relatives (such as the brown algae that is among the largest living organisms). Unlike 

larger organisms, the morphology of microorganisms is relatively poor and is confined to few 

shapes and colors. However, their poor morphology is compensated by great physiological 

versatility. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LECTURE 7-8 

Biofilms. Why microbes form biofilms? 

What is the difference between planktonic and biofilm microbial growth? 

What are the environmental consequences of biofilm growth? 

 

Biofilm is any group of microorganisms in which cells stick to each other on a surface. 

These adherent cells are frequently embedded within a self-produced matrix of extracellular 

polymeric substance (EPS). Biofilm extracellular polymeric substance, which is also referred to 

as slime (although not everything described as slime is a biofilm), is a polymeric conglomeration 

generally composed of extracellular DNA, proteins, and polysaccharides. Biofilms may form on 

living or non-living surfaces and can be prevalent in natural, industrial and hospital settings.
[2][3]

 

The microbial cells growing in a biofilm are physiologically distinct from planktonic cells of the 

same organism, which, by contrast, are single-cells that may float or swim in a liquid medium. 

Microbes form a biofilm in response to many factors, which may include cellular 

recognition of specific or non-specific attachment sites on a surface, nutritional cues, or in some 

cases, by exposure of planktonic cells to sub-inhibitory concentrations of antibiotics.
[4][5]

 When a 

cell switches to the biofilm mode of growth, it undergoes a phenotypic shift in behavior in which 

large suites of genes are differentially regulated 

Formation of a biofilm begins with the attachment of free-floating microorganisms to a 

surface. These first colonists adhere to the surface initially through weak, reversible adhesion via 

van der Waals forces. If the colonists are not immediately separated from the surface, they can 

anchor themselves more permanently using cell adhesion structures such as pili.
 

 Hydrophobicity also plays an important role in determining the ability of bacteria to form 

biofilms, as those with increased hydrophobicity have reduced repulsion between the 

extracellular matrix and the bacterium.
 

Some species are not able to attach to a surface on their own but are sometimes able to 

anchor themselves to the matrix or directly to earlier colonists. It is during this colonization that 

the cells are able to communicate via quorum sensing using products such as AHL. Some 

bacteria are unable to form biofilms as successfully due to their limited motility. Nonmotile 

bacteria cannot recognize the surface or aggregate together as easily as motile bacteria.
[
Once 

colonization has begun, the biofilm grows through a combination of cell division and 

recruitment. Polysaccharide matrices typically enclose bacterial biofilms. In addition to the 

polysaccharides, these matrices may also contain material from the surrounding environment, 

including but not limited to minerals, soil particles, and blood components, such as erythrocytes 

and fibrin.
[
 The final stage of biofilm formation is known as dispersion, and is the stage in which 

the biofilm is established and may only change in shape and size. 

The development of a biofilm may allow for an aggregate cell colony (or colonies) to be 

increasingly antibiotic resistant. Cell-cell communication or quorum sensing (QS) has been 

shown to be involved in the formation of biofilm in several bacterial species. 

Dispersal of cells from the biofilm colony is an essential stage of the biofilm life cycle. 

Dispersal enables biofilms to spread and colonize new surfaces. Enzymes that degrade the 

biofilm extracellular matrix, such as dispersin B and deoxyribonuclease, may play a role in 

biofilm dispersal. Biofilm matrix degrading enzymes may be useful as anti-biofilm agents.
[11][12]

 

Recent evidence has shown that a fatty acid messenger, cis-2-decenoic acid, is capable of 

inducing dispersion and inhibiting growth of biofilm colonies. Secreted by Pseudomonas 

aeruginosa, this compound induces cyclo heteromorphic cells in several species of bacteria and 

the yeast Candida albicans. Nitric oxide has also been shown to trigger the dispersal of biofilms 

of several bacteria species at sub-toxic concentrations. Nitric oxide has the potential for the 

treatment of patients that suffer from chronic infections caused by biofilms 

Biofilms are usually found on solid substrates submerged in or exposed to an aqueous 

solution, although they can form as floating mats on liquid surfaces and also on the surface of 

leaves, particularly in high humidity climates. Given sufficient resources for growth, a biofilm 

will quickly grow to be macroscopic (visible to the naked eye). Biofilms can contain many 

different types of microorganism, e.g. bacteria, archaea, protozoa, fungi and algae; each group 
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performs specialized metabolic functions. However, some organisms will form single-species 

films under certain conditions. The social structure (cooperation, competition) within a biofilm 

highly depends on the different species present. The biofilm is held together and protected by a 

matrix of secreted polymeric compounds called EPS. EPS is an abbreviation for either 

extracellular polymeric substance or exopolysaccharide, although the latter one only refers to the 

polysaccharide moiety of EPS. In fact, the EPS matrix consists not only of polysaccharides but 

also of proteins (which may be the major component in environmental and waste water biofilms) 

and nucleic acids. A large proportion of the EPS is more or less strongly hydrated, however, 

hydrophobic EPS also occur; one example is cellulose which is produced by a range of 

microorganisms. This matrix encases the cells within it and facilitates communication among 

them through biochemical signals as well as gene exchange. The EPS matrix is an important key 

to the evolutionary success of biofilms. One reason is that it traps extracellular enzymes and 

keeps them in close proximity to the cells. Thus, the matrix represents an external digestion 

system and allows for stable synergistic microconsortia of different species (Wingender and 

Flemming, Nat. Rev. Microbiol. 8, 623-633).Some biofilms have been found to contain water 

channels that help distribute nutrients and signalling molecules.
[18]

 This matrix is strong enough 

that under certain conditions, biofilms can become fossilized (Stromatolites). Bacteria living in a 

biofilm usually have significantly different properties from free-floating bacteria of the same 

species, as the dense and protected environment of the film allows them to cooperate and interact 

in various ways. One benefit of this environment is increased resistance to detergents and 

antibiotics, as the dense extracellular matrix and the outer layer of cells protect the interior of the 

community. In some cases antibiotic resistance can be increased a thousandfold.
[19]

 Lateral gene 

transfer is greatly facilitated in biofilms and leads to a more stable biofilm structure.
[20]

 

Extracellular DNA is a major structural component of many different microbial biofilms.
[21]

 

Enzymatic degradation of extracellular DNA can weaken the biofilm structure and release 

microbial cells from the surface. However, biofilms are not always less susceptible to antibiotics. 

For instance, the biofilm form of Pseudomonas aeruginosa has no greater resistance to 

antimicrobials than do stationary-phase planktonic cells, although when the biofilm is compared 

to logarithmic phase planktonic cells, the biofilm does have greater resistance to antimicrobials. 

This resistance to antibiotics in both stationary phase cells and biofilms may be due to the 

presence of persister cells. Biofilms are ubiquitous. Nearly every species of microorganism, not 

only bacteria and archaea, have mechanisms by which they can adhere to surfaces and to each 

other. Biofilms will form on virtually every non-shedding surface in a non-sterile aqueous (or 

very humid) environment. 

Biofilms can be found on rocks and pebbles at the bottom of most streams or rivers and 

often form on the surface of stagnant pools of water. In fact, biofilms are important components 

of food chains in rivers and streams and are grazed by the aquatic invertebrates upon which 

many fish feed. 

Biofilms can grow in the most extreme environments: from, for example, the extremely 

hot, briny waters of hot springs ranging from very acidic to very alkaline, to frozen glaciers. 

In the human environment, biofilms can grow in showers very easily since they provide a 

moist and warm environment for the biofilm to thrive. Biofilms can form inside water and 

sewage pipes and cause clogging and corrosion. Biofilms on floors and counters can make 

sanitation difficult in food preparation areas. 

Biofilms in cooling- or heating-water systems are known to reduce heat transfer.
  

Biofilms in marine engineering systems, such as pipelines of the offshore oil and gas 

industry, can lead to substantial corrosion problems. Corrosion is mainly due to abiotic factors; 

however, at least 20% of corrosion is caused by microorganisms that are attached to the metal 

subsurface (i.e., microbially influenced corrosion). 

Bacterial adhesion to boat hulls serves as the foundation for biofouling of seagoing vessels. 

Once a film of bacteria forms, it is easier for other marine organisms such as barnacles to attach. 

Such fouling can reduce maximum vessel speed by up to 20%, prolonging voyages and 

consuming fuel. Time in dry dock for refitting and repainting reduces the productivity of 
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shipping assets, and the useful life of ships is also reduced due to corrosion and mechanical 

removal (scraping) of marine organisms from ships' hulls. 

Biofilms can also be harnessed for constructive purposes. For example, many sewage 

treatment plants include a treatment stage in which waste water passes over biofilms grown on 

filters, which extract and digest organic compounds. In such biofilms, bacteria are mainly 

responsible for removal of organic matter (BOD), while protozoa and rotifers are mainly 

responsible for removal of suspended solids (SS), including pathogens and other 

microorganisms. Slow sand filters rely on biofilm development in the same way to filter surface 

water from lake, spring or river sources for drinking purposes. What we regard as clean water is 

effectively a waste material to these microcellular organisms. 

Biofilms can help eliminate petroleum oil from contaminated oceans or marine systems. 

The oil is eliminated by the hydrocarbon-degrading activities of microbial communities, in 

particular by a remarkable recently discovered group of specialists, the so-called 

hydrocarbonoclastic bacteria (HCB).
 

 Stromatolites are layered accretionary structures formed in shallow water by the trapping, 

binding and cementation of sedimentary grains by microbial biofilms, especially of 

cyanobacteria. Stromatolites include some of the most ancient records of life on Earth, and are 

still forming today. 

Biofilms are present on the teeth of most animals as dental plaque, where they may cause 

tooth decay and gum disease. Biofilms are found on the surface of and inside plants. They can 

either contribute to crop disease or, as in the case of nitrogen-fixing Rhizobium on roots, exist 

symbiotically with the plant. Examples of crop diseases related to biofilms include Citrus 

Canker, Pierce's Disease of grapes, and Bacterial Spot of plants such as peppers and tomatoes.
 
 

Biofilms are used in microbial fuel cells (MFCs) to generate electricity from a variety of 

starting materials, including complex organic waste and renewable biomass.  Recent studies in 

2003 discovered that the immune system supports bio-film development in the large intestine. 

This was supported mainly with the fact that the two most abundantly produced molecules by the 

immune system also support bio-film production and are associated with the bio-films developed 

in the gut. This is especially important because the appendix holds a mass amount of these 

bacterial bio-films.This discovery helps to distinguish the possible function of the appendix and 

the idea that the appendix can help reinoculate the gut with good gut flora. 
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LECTURE 9 

Fermentation. What kind of fermentation products are possible? 

How do you control fermentation process (yogurt)? 

What are fermentable substrates? 

Fermentation is a metabolic process that converts sugar to acids, gases and/or alcohol. It 

occurs in yeast and bacteria, but also in oxygen-starved muscle cells, as in the case of lactic acid 

fermentation. Fermentation is also used more broadly to refer to the bulk growth of 

microorganisms on a growth medium. French microbiologist Louis Pasteur is often remembered 

for his insights into fermentation and its microbial causes. The science of fermentation is known 

as zymology. 

Fermentation takes place in the lack of oxygen (when the electron transport chain is 

unusable) and becomes the cell’s primary means of ATP (energy) production.
[1]

 It turns NADH 

and pyruvate produced in the glycolysis step into NAD
+
 and various small molecules depending 

on the type of fermentation (see examples below). In the presence of O2, NADH and pyruvate 

are used to generate ATP in respiration. This is called oxidative phosphorylation, and it 

generates much more ATP than glycolysis alone. For that reason, cells generally benefit from 

avoiding fermentation when oxygen is available. Exceptions include obligate anaerobes, which 

cannot tolerate oxygen. 

The first step, glycolysis, is common to all fermentation pathways: 

C6H12O6 + 2 NAD
+
 + 2 ADP + 2 Pi → 2 CH3COCOO

−
 + 2 NADH + 2 ATP + 2 

H2O + 2H
+
 

Pyruvate is CH3COCOO
−
. Pi is phosphate. Two ADP molecules and two Pi are converted 

to two ATP and two water molecules via substrate-level phosphorylation. Two molecules of 

NAD
+
 are also reduced to NADH.  

In oxidative phosphorylation the energy for ATP formation is derived from an 

electrochemical proton gradient generated across the inner mitochondrial membrane (or, in the 

case of bacteria, the plasma membrane) via the electron transport chain. Glycolysis has substrate-

level phosphorylation (ATP generated directly at the point of reaction). 

Fermentation has been used by humans for the production of food and beverages since the 

Neolithic age. For example, fermentation is employed for preservation in a process that produces 

lactic acid as found in such sour foods as pickled cucumbers, kimchi and yogurt (see 

fermentation in food processing), as well as for producing alcoholic beverages such as wine (see 

fermentation in winemaking) and beer. Fermentation can even occur within the stomachs of 

animals, such as humans. Auto-brewery syndrome is a rare medical condition where the stomach 

contains brewers yeast that break down starches into ethanol; which enters the blood stream. 

Fermentation does not necessarily have to be carried out in an anaerobic environment. For 

example, even in the presence of abundant oxygen, yeast cells greatly prefer fermentation to 

aerobic respiration, as long as sugars are readily available for consumption (a phenomenon 

known as the Crabtree effect). The antibiotic activity of hops also inhibits aerobic metabolism in 

yeast. 

Fermentation reacts NADH with an endogenous, organic electron acceptor.
[1]

 Usually this 

is pyruvate formed from the sugar during the glycolysis step. During fermentation, pyruvate is 

metabolized to various compounds through several processes: 

 ethanol fermentation, aka alcoholic fermentation, is the production of ethanol and carbon 

dioxide 

 lactic acid fermentation refers to two means of producing lactic acid 

 homolactic fermentation is the production of lactic acid exclusively 

 heterolactic fermentation is the production of lactic acid as well as other acids and 

alcohols. 

Sugars are the most common substrate of fermentation, and typical examples of 

fermentation products are ethanol, lactic acid, carbon dioxide, and hydrogen gas (H2). However, 

more exotic compounds can be produced by fermentation, such as butyric acid and acetone. 

Yeast carries out fermentation in the production of ethanol in beers, wines, and other alcoholic 

drinks, along with the production of large quantities of carbon dioxide. Fermentation occurs in 
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mammalian muscle during periods of intense exercise where oxygen supply becomes limited, 

resulting in the creation of lactic acid. 

The use of fermentation, particularly for beverages, has existed since the Neolithic and has 

been documented dating from 7000–6600 BCE in Jiahu, China,
[15]

 6000 BCE in Georgia, 3150 

BCE in ancient Egypt, 3000 BCE in Babylon,2000 BCE in pre-Hispanic Mexico, and 1500 BC 

in Sudan. Fermented foods have a religious significance in Judaism and Christianity. The Baltic 

god Rugutis was worshiped as the agent of fermentation. 

The first solid evidence of the living nature of yeast appeared between 1837 and 1838 

when three publications appeared by C. Cagniard de la Tour, T. Swann, and F. Kuetzing, each of 

whom independently concluded as a result of microscopic investigations that yeast is a living 

organism that reproduces by budding. It is perhaps because wine, beer, and bread were each 

basic foods in Europe that most of the early studies on fermentation were done on yeasts, with 

which they were made. Soon, bacteria were also discovered; the term was first used in English in 

the late 1840s, but it did not come into general use until the 1870s, and then largely in 

connection with the new germ theory of disease. 

Louis Pasteur (1822–1895), during the 1850s and 1860s, showed that fermentation is 

initiated by living organisms in a series of investigations.
[
 In 1857, Pasteur showed that lactic 

acid fermentation is caused by living organisms. In 1860, he demonstrated that bacteria cause 

souring in milk, a process formerly thought to be merely a chemical change, and his work in 

identifying the role of microorganisms in food spoilage led to the process of pasteurization.
 
In 

1877, working to improve the French brewing industry, Pasteur published his famous paper on 

fermentation, "Etudes sur la Bière", which was translated into English in 1879 as "Studies on 

fermentation". He defined fermentation (incorrectly) as "Life without air", but correctly showed 

that specific types of microorganisms cause specific types of fermentations and specific end-

products. 

Although showing fermentation to be the result of the action of living microorganisms was 

a breakthrough, it did not explain the basic nature of the fermentation process, or prove that it is 

caused by the microorganisms that appear to be always present. Many scientists, including 

Pasteur, had unsuccessfully attempted to extract the fermentation enzyme from yeast. Success 

came in 1897 when the German chemist Eduard Buechner ground up yeast, extracted a juice 

from them, then found to his amazement that this "dead" liquid would ferment a sugar solution, 

forming carbon dioxide and alcohol much like living yeasts.Buechners results are considered to 

mark the birth of biochemistry. The "unorganized ferments" behaved just like the organized 

ones. From that time on, the term enzyme came to be applied to all ferments. It was then 

understood that fermentation is caused by enzymes that are produced by microorganisms. In 

1907, Buechner won the Nobel Prize in chemistry for his work. 

Advances in microbiology and fermentation technology have continued steadily up until 

the present. For example, in the late 1970s, it was discovered that microorganisms could be 

mutated with physical and chemical treatments to be higher-yielding, faster-growing, tolerant of 

less oxygen, and able to use a more concentrated medium.Strain selection and hybridization 

developed as well, affecting most modern food fermentations. 
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LECTURE 10 

Summary and Synthesizing. 
Synthesizing information is closely connected to determining importance.  After a reader 

identifies what is important in the text, he/she must go through the process of organizing, 

recalling, and recreating the information and fitting it in with what is already known.  As Ellin 

Keene and Susan Zimmermann say in Mosaic of Thought, "Synthesis is about organizing the 

different pieces to create a mosaic, a meaning, a beauty greater than the sum of each shiny 

piece."  A synthesis occurs as a reader summarizes what has happened and gives it personal 

meaning.  For more information on summarizing techniques, see the link at the bottom of the 

page. 

Synthesizing information requires a student to process and interact with information rather 

than simply copying and pasting information. Students are actively engaged with information 

when they categorize, analyze, combine, extract details, re-assess the value of the collected 

information, look for bias, omissions, etc. Finally, they related this new understanding to their 

own knowledge and experiences and develop new meaning or solution. When Debbie Miller was 

asked how she began to understand synthesis, she replied, It's the ripple… You told me it was 

simple elements of thought transformed into a complex whole. But you told the kids that 

synthesis is like throwing a rock into a pond: first there's the splash, and then the water ripples 

out, making little waves that get bigger and bigger You likened that to synthesis, remember? You 

said that as you read, your thinking evolves as you encounter new information, and the meaning 

gets bigger and bigger, just like the ripples in the pond. I kept playing with that analogy and two 

years later, voila!"  

Summarizing is a strategy in which readers sort through the information presented in a text 

in order to pull out and paraphrase the essential ideas. It requires readers to determine what is 

important, to condense this information, and to state it in their own words (Harvey & Goudvis, 

2007). For narrative text, this strategy focuses on story elements; and for expository text, the 

focus is on main ideas. In its synthesis of research, the National Reading Panel (National 

Institute of Child Health and Human Development, 2000) found that providing instruction in 

summarizing helps students learn to identify main ideas, differentiate important from 

unimportant ideas, and remember what they read, both in free recall and in answering questions. 

What is summarizing? 

Summarizing is a strategy in which readers sort through the information presented in a text 

in order to pull out and paraphrase the essential ideas. It requires readers to determine what is 

important, to condense this information, and to state it in their own words (Harvey & Goudvis, 

2007). For narrative text, this strategy focuses on story elements; and for expository text, the 

focus is on main ideas. In its synthesis of research, the National Reading Panel (National 

Institute of Child Health and Human Development, 2000) found that providing instruction in 

summarizing helps students learn to identify main ideas, differentiate important from 

unimportant ideas, and remember what they read, both in free recall and in answering questions. 

Where is summarizing discussed in the Ohio Academic Content Standards? 

Summarizing is implied throughout the standards and is a prerequisite skill to meeting the 

intended learning expectations of the following standards: 

Reading 

1. Read closely to determine what the text says explicitly and to make logical inferences from it; 

cite specific textual evidence when writing or speaking to support conclusions drawn from the 

text. 

2. Determine central ideas or themes of a text and analyze their development; summarize 

the key supporting details and ideas. 

3. Analyze how and why individuals, events, and ideas develop and interact over the 

course of a text. 

8. Delineate and evaluate the argument and specific claims in a text, including the 

validity of the reasoning as well as the relevance and sufficiency of the evidence. 

9. Analyze how two or more texts address similar themes or topics in order to build 

knowledge or to compare the approaches the authors take. 



Writing 

1. Write arguments to support claims in an analysis of substantive topics or texts, using 

valid reasoning and relevant and sufficient evidence. 

2. Write informative/explanatory texts to examine and convey complex ideas and 

information clearly and accurately through the effective selection, organization, and 

analysis of content. 

3. Write narratives to develop real or imagined experiences or events using effective 

technique, well-chosen details, and well-structured event sequences. 

7. Conduct short as well as more sustained research projects based on focused 

questions, demonstrating understanding of the subject under investigation. 

8. Gather relevant information from multiple print and digital sources, assess the 

credibility and accuracy of each source, and integrate the information while avoiding 

plagiarism. 

9. Draw evidence from literary or informational texts to support analysis, reflection, 

and research. 

Speaking and Listening 

1. Prepare for and participate effectively in a range of conversations and collaborations 

with diverse partners, building on others' ideas and expressing their own clearly and 

persuasively. 

2. Integrate and evaluate information presented in diverse media and formats, including 

visually, quantitatively, and orally. 

4. Present information, findings, and supporting evidence such that listeners can follow 

the line of reasoning and the organization, development, and style are appropriate to task, 

purpose, and audience. 

Language 

4. Determine or clarify the meaning of unknown and multiple-meaning words and 

phrases by using context clues, analyzing meaningful word parts, and consulting general 

and specialized reference materials, as appropriate. 
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Title: 

Ecology, climate change, biomatematics – A metodical-

metodological viewpoint. 

 

How can we study and forecast the ecological effects of a 

future climate change?  

 

Introduction to the ecological modeling and data analysis in 

service of CC impact assessment. 



1st topic 
What is an ecosystem? What is 

climate? What is a biomathematical 
model? How can we study the 
ecological effects of a future CC?  

 

• Lab: Exponential and logistic 
population-dynamical  simulation 
models.  

 

 



What is a system? 
• Set: Consist of elements. A concrete set can only be defined if we 

can decide for any object of the Universe if that is an element of the 
given Set or not. 

• System: Consist of elements and interactions (effects) between 
elements. 

• Effect: One thing effects another if the state of the second changes 
because of the action of first thing. 

• State: We can desribe a state with status-indicators. We can say 
about effect if we observe the change of at least one status-
indicator. 

• We define the system when we designate the boundaries and we list 
his status-indicators. Inside the boundaries is the system, and 
outside is the Exteriour Complex. 

• That part of Exteriour Complex which has direct effect to the system 
is the environment of that system.  

 



What is an ecological system? 

An ecosystem consists of populations of living 

organisms, abiotic resources, nonresource-like 

factors and interactions between them. 

What kind of interactions are between populations and 

resources? Consumption—Limitation 

What kind of interaction are between nonresource-like 

factors and populations? Limitation without 

feedback (only one way effect) 

What kind of interactions are between different 

populations? ++ (mutualism), -- (kompetition), +- 

(predation, parasitism, herbivory, etc…) 

 

 



What is the meaning of 

CLIMATE? 
 

 

 

Climate is the pattern of variation in temperature, humidity, 

atmospheric pressure, wind, precipitation, atmospheric 

particle count and other meteorological variables in a given 

region over long periods. 

 

Climate can be contrasted to weather, which is the present 

condition of these variables over shorter periods. 

 

A region's climate is generated by the climate system, which 

has five components: atmosphere, hydrosphere, cryosphere, 

land surface, and biosphere.  

 



What is a biomathematical 

model? 
 

 

 

 

Biomathematics is an interdisciplinary science, which study 

biological problems by matematical methods.  

 

 

Model is a scientific hipothesis in mathematical language. It is 

a very egzakt, quantitative and explicit way to describe our 

ideas. 

 

 

 



What kind of models are we 

know? 
 

 

 

 

1. Strategical vs tactical (purpuse of model) 

 

2. Desciptive vs simulation (way of thinking) 

 

3. Continuus vs discrete (space and time appoach) 

 

4. Deterministic or Stochastic (process appoach) 

 

 

 



How can we study the 

ecological effects of a future 

Climate Change?  

 

 

1. We need a scenario about the future natural and people-

mediated process.  Realistic idea about future 

2. We need a GCM (Global Circulation Model)  Future 

meteorological data-series in a 300x300km grid 

3. We need an appropriate downscaling method (RegCM, or 

statistical down-scaling)  Daily meteorological data-series in a 10x10 

km grid 

4. We need a stochastic weather generator  a lot of similar „year” 

from a specific climate 

5. We need a weather-dependent ecological simulation 

model, Crop-model, Food-web model, or other ecological 

model  Daily simulation about the dynamics of the examined ecosystem  

 

 

 



How can we analyse the impact of a future 

climate change? 

 
In the analysis of climate change’s impact  

• first GCM scenarios are needed. 

 The GCM scenarios have to be then downscaled on the region with 

statistical or with simulation downscaling methods.  From the result 

we can generate as many time series as we need with a certain type 

of stochastic weather generator. This is a well-known application of 

Monte Carlo method, or the so-called bootstrapping method. 

 The data we gained can be the input of the ecosystem or crop 

model we apply. 



Climate Change Impact Analysis Methods + Downscaling 

process 



How can we develop a good 

ecosystem model? 

• We can build a model by our best ideas 

• We can estimate the estimable parameters of our model 

by field or laboratory experiments or by literature review 

• We can fit the model to the observed dataseries. 

• We can validate our fitted modell, by observed data 

which was not used when we fitted the model. 

• We can tested our fitted and validated model by special 

experimental situations or more observed data from 

different situation and by model-evaluation metods 

• If we have a tested model, we can try to prepare a 

climate change impact assessment by that model. 

 

 

 

 

 

 

 

 

 



How can we develop a null-

version ecosystem model?  

 

 

1. We need an ecological monitoring system, which give us a 

lot of empirical-historical data about daily meteorological 

parameters, seasonal-dynamics of population (daily 

population-density or biomass data), and dataseries about 

resource (e.g. soil parameters, food) and nonresource-like 

factors (pH of freshwater, humidity etc…).  Observations 

2. We need an starting idea about the working of ecosystem. 

3. We can introduce symbols to the elements of ecosystem 

4. We can desribe the interactions between elements as an 

inplicit model 

5. We can develop an explicit model based on above.  

 

 

 



For example: 

 

 

 

 

 

 

 

Story (idea): There is a ideal planet, good environment, and only a few specimen 

of one population (a monocell, asexual, autotróf organism). We can observe an 

unlimited exponential growing. 

Symbols: 

•N: the density (biomass or number of individuals) of population 

•R: maximal reproduction rate of this population 

•t : the time 

Models: 

Implicit descriptive model: Nt= f(R, t, N0) 

Implicit simulation form: Nt= f(R, t, Nt-1) 

Explicit desciptive model: Nt= Rt*N0 

Explicit model (deterministic simulation form): Nt= R*Nt-1 

 (exponential growing model) 

 

 



How we can realise this model 

by a computer, in a simplest 

way? 
• We can use a MS Excel sheet. 

• The rows will be represent the passing of time, in a 

discrete scale. 

• The columbs will be represent the different modeled 

values and parameters. 

• We can wright the input values, parameters, and the 

model-funcions to the cells of this table. 

 

SEE: 1st Lab 

 

 

 

 

 

 

 



Exponential growing model 

 Nt=Nt-1*R 

 

 

 

 

 

 

 

 

 



Is it a real condition that resources (e.g. food) will 

be infinit amount all eternity? 

• There is a maximum of environmental 

(carrying) capacity of a planet.  

• The sign of this capacity is K. 

• K is the maximum amount (number or 

biomass) of population, which can exist 

there is same time.  

Our new (density dependent) model: 

Nt= Nt-1* f(T)*R (1-(N/K)) 

 



Logistic (density dependent) growing 

model 
Nt=Nt-1*R^(1-(Nt-1/K) 

 

 

 

 

 

 

 

 

 

 



Simulation Experiment 

[Lab 1] 



R=1,2 
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R=1,5 
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from kindled oscillations to two limit stable-cycles 
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Four limit stable-cycles 
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More (6) limit stable-cycles 
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More (6) limit stable-cycles 

(enlargement) 



R=18 
 

 

 

   
 

 

 

 

Long periods stable limit cycles 
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Frekvent gradations 

 



R=3000 
 

 

 

   
 

 

 

 

Rare epidemic gradations 

 



Thank you for your attention! 



Ecological Effects of Climate 

Change 

 Levente Hufnagel 

 

 

2nd Lesson 

2013 

 
 

 



2nd topic 
Types of environmental factors, 

Hutchinsons niche-concept, resource 

utilisation function of MacArthur. Non-

resource type environmental factors. 

Normal distribution as a model of 

optimum reaction.  

 

Lab: Temperature-dependent model. 
 



 

 

Ecological (environmental) factors 

Resources 

Storable (like food) Not storable (like 

sunshine) 

Not resource-like factors 

Abiotic conditions 

(temperature, pH) 
Ecological interactions 

(Competition, predation, 

mutualism, parasitism…) 



Ecological niche? 

Ecological factors together determine the 
ecological niche. 

 

Originaly the NICHE was a small 
compartment or cabin in the wall of gothic 
medieval cathedrals with sculpture of 
saints. 

In ecology there are some different definition 
to the ecological niche. 

 



Grinnellian niche 

 

 

 

Joseph Grinnell (1917):  

 

The Grinnellian niche concept embodies the idea that the 

niche of a species is determined by the habitat in which it 

lives. 

The niche is the sum of the habitat requirements that allow a 

species to persist and produce offspring. 

 



Eltonian niche 

 

 

 

Charles Sutherland Elton (1927):  

 

The Eltonian niche is the role a species plays in a community, 

rather than a habitat.  

In other word the niche is the „place” in the food-web or web 

of interactions.  

 



Hutchinsonian niche 

 

 

 

 G. Evelyn Hutchinson (1957):  

 

Hutchinson wanted to know why there are so many different 

types of organisms in any one habitat. 

The Hutchinsonian niche views niche as an n-dimensional 

hypervolume, where the dimensions are environmental 

conditions and the resources that define the requirements of 

an individual or a species to practise "its" way of life. 

 

 



Fundamental and realised  

niche 
within Huchinsonian concept 

 

 

 
 

An organism free of interference from other species could use 

the full range of conditions (biotic and abiotic) and resources 

in which it could survive and reproduce which is called its 

fundamental niche. However, as a result of pressure from, 

and interactions with, other organisms (i.e. inter-specific 

competition) species are usually forced to occupy a niche that 

is narrower than this, and to which they are mostly highly 

adapted. This is termed the realized niche.  

 



MacArthurian RUF 
Resource Utilization Functions  

 

 
 

 

 



 

 

 

Fitness: How successfull in the „struggle for life”.  



 

 

 

 

 

 

Huchinsonian hipervolume niche.  



Normal distribution as a model 

of optimum reaction 
 

 

 

 

In probability theory, the normal (or Gaussian) distribution is a 

very commonly occurring continuous probability 

distribution—a function that tells the probability of a number 

in some context falling between any two real numbers. The 

Gaussian distribution is sometimes informally called the 

bell curve.  

 

We can use it as a function between fittness and an 

environmental factor. 

 



The Normal Distribution: 

as mathematical function, and as 

a model  
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μ= optimum value of the factor (originally the mean) 

σ= the broadness of tolerance (originally the 

variance) 



The Normal Distribution: 

 



MS Excel function as a model of 

reaction-curve: 
 

 

 

 

 

 

 

 

=multipl*norm.dist(x;m;s;0) 

 

=multipl*norm.dist(temperature, optimal 

value, tolerance, density function) 

 

 



 

 

 

 

 

 

 



Our model in this level: 

 
 

 

 

 

 

 

 

Explicit model (deterministic simulation form):  

Nt= Nt-1* f(T)*R (1-(N/K))  

Where, 

f(T)= multiplicator*density function of normal 

distribution 

 
 



Our model in this level: 
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3rd topic 
Rythms in the Nature. Exogen and 

endogen biological cycles. Fourier-

theorem about periodical functions. 

 

Lab: simulation of a yearly temperature 

pattern in a model-planet 
 



Astronomical rythms and cycles 

 
 

•The galactic year, also known as a cosmic year, is the duration of time required 

for the Solar System to orbit once around the center of the Milky Way Galaxy.[1] 

Estimates of the length of one orbit range from 225 to 250 million years. 

•Milanković cycles: Milutin Milanković (1879-1958) mathematically theorized that 

variations in eccentricity, axial tilt, and precession of the Earth's orbit determined 

climatic patterns on Earth through orbital forcing. The Earth's axis completes one 

full cycle of precession approximately every 26,000 years. At the same time the 

elliptical orbit rotates more slowly. The combined effect of the two precessions 

leads to a 21,000-year period between the astronomical seasons and the orbit. In 

addition, the angle between Earth's rotational axis and the normal to the plane of its 

orbit (obliquity) oscillates between 22.1 and 24.5 degrees on a 41,000-year cycle. It 

is currently 23.44 degrees and decreasing. 

•Bond cycles: Gerard C. Bond (1940-2005) of the Lamont-Doherty Earth 

Observatory at Columbia University, was the lead author of the paper published in 

1997 that postulated the theory of 1,470-year climate cycles in the Holocene, 

mainly based on petrologic tracers of drift ice in the North Atlantic. 

•Sunspot cycle: approximatly 11 year 

•Orbital periods of Earth (1 solar year):365.25636 solar days 

 

 



Moon cycles 

 
 

Anomalistic Moon Cycle (month) (AM = 27.55454988 days):  

The apparent size of the Moon varies because the orbit of the Moon is 

elliptical, and as a consequence at one time it is nearer to the Earth (perigee) 

than half an orbit later (apogee). The orbital period of the Moon from perigee to 

apogee and back to perigee is called the anomalistic month. 

Synodic Moon Cycle (month) (SM = 29.530588853 days ) 

The appearance, or phase, of the Moon is due to its motion with respect to the 

Sun. It varies in a period of time called a lunation, also called synodic month; 

its duration is about 2 days longer than an anomalistic month. The age is the 

number of days since new moon. 

Full Moon Cycle:  

 



Diurnal cycles 

 
 

A diurnal cycle is any pattern that recurs every 24 hours as a result of one full 

rotation of the Earth. 

Rotation (green), precession (blue) and nutation in obliquity (red) of a planet: 

The principal term of nutation is due to the 

regression of the moon's nodal line and has 

the same period of 6798 days (18.61 years). 

 

About precession we talked at Milankovic 

cycle (26000 yr) 

 

 



Some biological rythms 
 

    Infradian rhythms, which are cycles longer than a day, such as the annual 
migration or reproduction cycles found in certain animals or the human 
menstrual cycle. 

    Ultradian rhythms, which are cycles shorter than 24 hours, such as the 90-
minute REM cycle, the 4-hour nasal cycle, or the 3-hour cycle of growth 
hormone production. 

    Tidal rhythms, commonly observed in marine life, which follow the roughly 12.4-
hour transition from high to low tide and back. 

    Lunar rhythms, which follow the lunar month (29.5 days). They are relevant e.g. 
for marine life, as the level of the tides is modulated across the lunar cycle. 

    Gene oscillations – some genes are expressed more during certain hours of the 
day than during other hours. 

 

Within each cycle, the time period during which the process is more active is 
called the acrophase. When the process is less active, the cycle is in its 
bathyphase or trough phase. The particular moment of highest activity is the 
peak or maximum; the lowest point is the nadir. How high (or low) the process 
gets is measured by the amplitude. 



 

 

Biological rythms and cycles 

Ultradian 

Cor-pulmo 

REM 

Circadian Infradian 

Circaseptan Circalunar Circannual Infraannual 

Sunspot-like 

11yr 

Glacial-interglacial-like 

40-100 thousand year 

Geological-periods in 

Biosphere 

30-80million year 



Regulation of cycles 

 

 

 

Endogen biological cycles: biological clocks (e.g. Nucleus 

suprachiasmaticus- free running cycle: 25h) 

Exogen environmental effects: light and dark cycles, because 

of the rotation of our planet (24h)  

Syncronizator (zeitgeber): e.g. Corpus pineale --melatonin 
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Fourier-theorem about 

periodical functions : 

  

 

 

 

 

 

 

 According to the important theorem formulated by the 

French mathematician Jean Baptiste Joseph Baron Fourier 

(1768-1830), any periodic function, no matter how trivial or 

complex, can be expressed in terms of converging series of 

combinations of sines and/or cosines, known as Fourier 

series. Therefore, any periodic signal is a sum of discrete 

sinusoidal components. 

 



Lab 3: Simulation of a yearly 

temperature pattern in a model-planet  

  

 

 

 

 

 

 

  

 

Temperature : 

 

 

 

Where 

i= serial number of periodic factor 

a= amplitude (e.g. yearly temperature range) 

b= frekvency (e. g. how long a year) 

c= timing of period (x-axis) 

d= constant (e.g. average yearly temperature (y-axis)) 





n

1i

iiii d)ctbsin(a)t(T



Accumulation of the effect of three 

periodical factor  



Our ecosystem model in this level: 

 

 

 

 

 

 

 

 

Nt= Nt-1* f(T)*R (1-(N/K))  

T(t)= a*sin(b*t+c)+d  
(in case of one periodic factor) 

Where, 

f(T)= multiplicator*density function of normal 

distribution (T, Topt, Tolerance) 

 
 



Seasonal (yearly) pattern of temperature: 

 

 

 

 

 

 

 

 

 
 



Our ecosystem model in this level: 

 

 

 

 

 

 

 

 

 
 

Realistic bimodal seasonal population dynamical pattern (e.g. insects) 
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4th topic 
 

Types of resource factors and its 

interactions 

 

Lab:  

Modeling of more than one resource 
 



Resources, limiting factor 

 
 

 

A number of potential factors could influence a biological 

process, but importantly only one is limiting at any one place 

and time. This recognition that there is always a single limiting 

factor is vital in ecology. 

In biological or ecological terms, a limiting factor causes a 

population to decrease in size. A few limiting factors are food, 

shelter, water, space. These are not all limited to the condition 

of the species. Some factors may be increased or reduced 

based on circumstances. An example of a limiting factor is 

sunlight in the rain forest, where growth is limited to all plants 

in the under story unless more light becomes available. This 

decreases plant photosynthesis.  

 

 

 

 



Liebig's Law of the Minimum 

 
 

 

Liebig's Law of the Minimum, often simply called Liebig's Law or the Law of the 

Minimum, is a principle developed in agricultural science by Carl Sprengel (1828) 

and later popularized by Justus von Liebig (1803-1873). It states that growth is 

controlled not by the total amount of resources available, but by the scarcest 

resource (limiting factor). This concept was originally applied to plant or crop 

growth, where it was found that increasing the amount of plentiful nutrients did not 

increase plant growth. Only by increasing the amount of the limiting nutrient (the 

one most scarce in relation to "need") was the growth of a plant or crop improved. 

This principle can be summed up in the aphorism, "The availability of the most 

abundant nutrient in the soil is only as good as the availability of the least abundant 

nutrient in the soil." 

 

 

 



Interactions of resources 

 
 

 

  

 

 

 

 

Essential Replaceable 

Equivalent Synergic Antagonist Interfering (quantity-

dependent) 

(Growing izoclines, following Szentesi & Török 2007) 



Lab 3: Modeling more than one 

resource  

 
 

 

 

 

 

 

 

  

 

 

 

•If we have „i” different resource (signed ki) which are essential relationship each 

other we can connected to one another with a minimum function. 

In this case:   K=min(k1, k2, k3,…) 

 

•If we have „j” different resource (signed kj) which are replaceable relationship 

each other we can connected to one another with a summa function. 

In this case:   K=Σ(k1,k2,k3…) 

 

•In combine case: 

 

 

 

,...)k,kmin(K
j

j

i

i 



Components of K  

 

 

 

 

 

 

 

 

  

 

 

 

Every resource is a component of K in the model. 

Constat components  

(e.g. water if is it in big 

surplusage) 

Changeable components  

Time-dependent, but density 

independent (unstorable) 

(e.g sunshine) 

Density-dependent (consumable) 

 

Storable, consumable without 

renewing process 

(e.g. core storage, shelters) 

Consumable with renewing 

process 

(e.g prey population) 



Our ecosystem model in this level: 

 

 

 

 

 

 

 

 

Nt= Nt-1* f(T)*R (1-(N/K))  

T(t)= a*sin(b*t+c)+d  
(in case of one periodic factor) 

Where, 

f(T)= multiplicator*density function of normal distribution (T, Topt, Tolerance) 

 

 

 

Here is the only 

resource, consist of 

more component 

,...)k,kmin(K
j

j

i

i 



Modeling of resources: 
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5th topic 
 

Interactions between populations: 

Competition, mutualism, predation, 

parasitism etc. 

 

Lab: Modeling of interactions 



Interspecific interactions 

 
 

 

 

 

 

 

Biological interactions are the effects organisms in a community have on 

one another. In the natural world no organism exists in absolute isolation, 

and thus every organism must interact with the environment and other 

organisms. An organism's interactions with its environment are 

fundamental to the survival of that organism and the functioning of the 

ecosystem as a whole. 

In ecology, biological interactions can involve individuals of the same 

species (intraspecific interactions) or individuals of different species 

(interspecific interactions). These can be further classified by either the 

mechanism of the interaction or the strength, duration and direction of 

their effects. Species may interact once in a generation (e.g. pollination) 

or live completely within another (e.g. endosymbiosis). Effects range from 

consumption of another individual (predation, herbivory, or cannibalism), 

to mutual benefit (mutualism). Interactions need not be direct; individuals 

may affect each other indirectly through intermediaries such as shared 

resources or common enemies. 



Types of interspecific interactions 

 
 

 

 

 

 

 

1st species 

/2nd species 
+ - 0 

+ Mutualism 

(week), 

Symbiosis 

(strong) 

Parasitism, 

(week), 

Predation 

(strong) 

Commensalism 

- Competiton, 

Environment 

degradation 

Amensalism 

0 Neutralism 

(?!) 



Mutualism (+,+) 

 
 

 

 

 

 

 

Mutualism is an interaction between two or more species, where species 

derive a mutual benefit, for example an increased carrying capacity. 

Similar interactions within a species are known as co-operation. One or 

both species involved in the interaction may be obligate, meaning they 

cannot survive in the short or long term without the other species  

Examples: cleaner fish, pollination and seed dispersal, gut flora, 

mycorrhiza. 

 

Symbiosis: The term symbiosis (Greek: living together) can be used to 

describe various degrees of close mutual relationship between 

organisms of different species. It can be used to describe relationships 

where one organism lives on or in another, or it can be used to describe 

cases where organisms are related by mutual stereotypic behaviors.  

 



Modeling of mutualism 

 
 

 

 

 

 

 

Nt= Nt-1* f(T)*R (1-(N/K)) 

 

Where, 

 

K=K0*a
 Nmutual   K0 is the K without mutual 

partner 

 
If Nmutual=0 , we get back the original K. 

 

 



Competition (-,-) 

 
 

 

 

 

 

 

Competition can be defined as an interaction between organisms or species, in 

which the fitness of one is lowered by the presence of another. Limited supply of 

at least one resource (such as food, water, and territory) used by both usually 

facilitates this type of interaction. Competition among members of the same 

species is known as intraspecific competition, while competition between 

individuals of different species is known as interspecific competition. 

 

Interspecific competition is normally not as fierce as intraspecific competition.  

 

Competition between species at the same trophic level of an ecosystem, who 

have common predators, increases drastically if the frequency of the common 

predator in the community is decreased by a large margin. The magnitude of 

competition therefore depends on many factors in the same ecosystem. 

 

According to the competitive exclusion principle, species less suited to compete 

for resources should either adapt or die out. According to evolutionary theory, this 

competition within and between species for resources plays a critical role in 

natural selection. 

 

 



Competition (-,-) 

 
 

 

 

 

 

 

Species can compete with each other for finite resources. It is considered to be 

an important limiting factor of population size, biomass and species richness. 

Many types of competition have been described, but proving the existence of 

these interactions is a matter of debate. Direct competition has been observed 

between individuals, populations and species, but there is little evidence that 

competition has been the driving force in the evolution of large groups. 

 

•    Interference competition: occurs when an individual of one species directly 

interferes with an individual of another species. Examples include a lion chasing 

a hyena from a kill, or a plant releasing allelopathic chemicals to impede the 

growth of a competing species. 

•    Exploitative competition: occurs via the consumption of resources. When an 

individual of one species consumes a resource (e.g., food, shelter, sunlight, etc.), 

that resource is no longer available to be consumed by a member of a second 

species. Exploitative competition is thought to be more common in nature, but 

care must be taken to distinguish it from apparent competition. 

•    Apparent competition: occurs when two species share a predator. The 

populations of both species can be depressed by predation without direct 

exploitative competition 

 



Modeling of competition 

 
 

 

 

 

 

 

Nt= Nt-1* f(T)*R (1-(N+a*Ncompetitor/K)) 

 

Where, 

 

„a” is a „unit converter” 

 

If a=0 , there is not competition, if a=1 it is full-equivalent 

competition, if a>1, then interspecific effect harder then 

intraspecific one, if 0<a<1, it is the general case, partial 

overlaping. 

 

 



Predation, parasitism, parasitoidism, 

herbivory etc…(+,-) 

 
 

 

 

 

 

 

 

 
In antagonistic interactions one species benefits at the expense of 

another. Predation is an interaction between organisms in which one 

organism captures biomass from another. It is often used as a synonym 

for carnivory but in its widest definition includes all forms of one 

organism eating another, regardless of trophic level (e.g. herbivory), 

closeness of association (e.g. parasitism and parasitoidism) and harm 

done to prey (e.g. grazing).  

Other interactions that cannot be classed as predation however are still 

possible, such as Batesian mimicry, where an organism bears a 

superficial similarity of at least one sort, such as a harmless plant 

coming to mimic a poisonous one. Intraguild predation occurs when an 

organism preys upon another of different species but at the same 

trophic level (e.g., coyotes kill and ingest gray foxes in southern 

California). 



Modeling of antagonism 

 
 

 

 

 

 

 

„Predator”:   

   Nt= Nt-1* f(T)*R (1-(N/K)) 

   K=a*Nprey 
 

„Prey”: 

  Nt= Nt-1* f(T)*R (1-(N/K))*(1-(Predator/Nt)) 

 

 

Where, 

 

„a” is a „unit converter”, b is a parameter  

 

 

 

 



Commensalism (+,0) 

 
 

 

 
In ecology, commensalism is a class of relationship between two 

organisms where one organism benefits without affecting the other.  

Commensalism derives from the English word commensal, meaning 

"eating at the same table" in human social interaction, which in turn 

comes through French from the Medieval Latin commensalis, meaning 

"sharing a table", from the prefix com-, meaning "together", and mensa, 

meaning "table" or "meal". Originally, the term was used to describe the 

use of waste food by second animals, like the carcass eaters that follow 

hunting animals, but wait until they have finished their meal. 

 

Modeling of commensalism similar like mutualism, but we 

modify only one equation and not both. 

 

 



Amensalism (-,0) 

 
 

 

 
Amensalism is a relationship in which a product of one organism has a 

negative effect on another organism. It is specifically a population 

interaction in which one organism is harmed, while the other is neither 

affected nor benefited. Usually this occurs when one organism exudes a 

chemical compound as part of its normal metabolism that is detrimental 

to another organism.  

 

Modeling of amensalism can be similar like competition or 

predation depending on the mechanism, but we modify only 

one equation and not both of them. 

 

 



Neutralism (0,0) 

 
 

 

 
Neutralism describes the relationship between two species which 

interact but do not affect each other. It describes interactions where the 

fitness of one species has absolutely no effect whatsoever on that of the 

other. True neutralism is extremely unlikely or even impossible to prove.  

Since true neutralism is rare or nonexistent, its usage is often extended 

to situations where interactions are merely insignificant or negligible. 

 

Modeling of neutralism:  we can ignore. 

 

 



Lab 5: Our ecosystem model with pradator-

prey interaction: 

 

 

 

 

 

 

 



• Npredator=C2*$O$2*NORM.ELOSZL(B3;

$P$2;$Q$2;0)*$H$2^(1-(C2/$I3)) 
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6th topic 
 

Phenology, life-cycles, life-history 

 

 

Lab: Phenological simulation 

 



 
 

 

 

 

 

 

Phenology is the study of periodic plant and animal life cycle 

events and how these are influenced by seasonal and 

interannual variations in climate, as well as habitat factors 

(such as elevation). Phenology has been principally 

concerned with the dates of first occurrence of biological 

events in their annual cycle. Examples include the date of 

emergence of leaves and flowers, the first flight of butterflies 

and the first appearance of migratory birds, the date of leaf 

colouring and fall in deciduous trees, the dates of egg-laying 

of birds and amphibia, or the timing of the developmental 

cycles of temperate-zone honey bee colonies. In the scientific 

literature on ecology, the term is used more generally to 

indicate the time frame for any seasonal biological 

phenomena, including the dates of last appearance (e.g., the 

seasonal phenology of a species may be from April through 

September). 

 



Phenology as Climate Change indicator  

 
 

 

 

 

 

 

Because many such phenomena are very sensitive to small 

variations in climate, especially to temperature, 

phenological records can be a useful proxy for temperature 

in historical climatology, especially in the study of climate 

change and global warming. For example, viticultural 

records of grape harvests in Europe have been used to 

reconstruct a record of summer growing season 

temperatures going back more than 500 years. In addition 

to providing a longer historical baseline than instrumental 

measurements, phenological observations provide high 

temporal resolution of ongoing changes related to global 

warming. The concept of Growing-degree day contributes to 

our understanding of phenology. 

 



Life Cycle- Life History 

 
 

 

 

 

 

 

A life cycle is a period involving all different generations of a species 

succeeding each other through means of reproduction, whether 

through asexual reproduction or sexual reproduction. 

 

Life history theory posits that the schedule and duration of key events 

in an organism's lifetime are shaped by natural selection to produce the 

largest possible number of surviving offspring. These events, notably 

juvenile development, age of sexual maturity, first reproduction, number 

of offspring and level of parental investment, senescence and death, 

depend on the physical and ecological environment of the organism. 

Organisms have evolved a great variety of life histories, from Pacific 

salmon, which produce thousands of eggs at one time and then die, to 

human beings, which produce a few offspring over the course of 

decades. The theory depends on principles of evolutionary biology and 

ecology and is widely used in other areas of science. 



Plant Life Cycle 

 
 

 

 

 

 

 

 

 



Butterfly Life Cycle 

 
 

 

 

 

 

 



Dragonfly Life Cycle 

 
 

 

 

 

 

 



Frogs Life Cycle 

 
 

 

 

 

 

 

 

 



Life Cycle of Malaria 

 
 

 

 

 

 

 

 

 



Phenological phase 

 
 

 

 

 

 

 

 

 



Phenological calendars 

 
 

 

 



A simple phenological model 

 
 

Effective Heat Unit= Daily Mean Temperature – Base 

Temperature, if it is a positive number, if not EHU=0 

Base Temperature: When the temperature exceed this 

value the life-process begin to work. 

Effective Degree-Days= Sum of EHUs from a Starting 

Day 

Starting Day: That Day in the year, when the 

temperature firstly exceed a specific limit 

Indicator EDD value: A value, which indicate the occur 

a specific phenological stage (phase).  

 



EHU   = IF( Daily Mean Temperature – Base Temperature >0; 
Daily Mean Temperature – Base Temperature ; 0) 

StartingD       =IF(EHU>StartingT;1;IF(StartingDt-1> 0;1;0)) 

RealEHU    =EHU*StartingD 

EDD     =SZUM(1stRealEHU: actualRealEHU) 

Phase    =HA(EDD>indEDD; 2; 1)   



Lab 6: Phenological modul embed an 

growing model 

 
 

 

 

 

 

 

 

 

 



EHU    =HA(B3-$Q$9>0;B3-$Q$9;0) 

StartingD   =HA(D3>$Q$15;1;HA(E2>0;1;0)) 

RealEHU    =D3*E3 

EDD     =SZUM($F$3:F3) 

Phase    =HA(G3>$Q$12; 2; 1)   



Phenological modul embed an growing 

model 
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Parameter estimation: 

Interface between monitoring data and 

simulation.  

 

Lab: Fitting of models by MS Solver 



 
 

From strategical model to tactical one 

If we already have a strategical determnistic simulation model 

about the examined ecosystem, we can use it to find teoretical 

possibilities, but we can not use this model for prediction or 

forecast about the real ecosystem.  

We need in this case to transform our strategical model to 

tactical one. 

We need to fit our model to the real monitoring data, by 

estimating the parameters of the model, and adjust (tune in) that. 

If our adjusted model already able to describe real time-series, 

we can validate our model with further data or experiments, and 

it is worth to analyse the model characteristics. 

A fitted, adjusted, validated, and well known model will be able to 

using practical purposes (real prediction, forecast, prognostics). 



Main steps of model fitting to field data 
 

 

 

 

 

1. We estimate by expert estimation (based on literature, general 

knowlegde or former experiments, our personal experience) the 

possibile intervalls for model parameters. If we do not know, we can 

use broad intervalls. 

2. We perform a sufficiently long monitoring about the input and output 

data of our model. 

3. We find a suitable indicator which can express as a number the 

difference between model predictions and empirical (monitoring) 

data-series.(e. g sum of squares, or eucleidean distance, or percent 

similarity). 

4. We can use an optimalisation algorithm (e.g. MS Solver) to fit the 

model to empirical time-series, by adjusting changeble parameters 

within the limits (which estimated in the first step). Target function will 

be the indicator (sum of squares), the target to minimalise its value, 

by modification of changable parameters under the contrain 

conditions. 



Main steps of model fitting to field data 
 

 

 

 

 

1. We estimate by expert estimation (based on literature, general 

knowlegde or former experiments, our personal experience) the 

possibile intervalls for model parameters. If we do not know, we can 

use broad intervalls. 

2. We perform a sufficiently long monitoring about the input and output 

data of our model. 

3. We find a suitable indicator which can express as a number the 

difference between model predictions and empirical (monitoring) 

data-series.(e. g sum of squares, or eucleidean distance, or percent 

similarity). 

4. We can use an optimalisation algorithm (e.g. MS Solver) to fit the 

model to empirical time-series, by adjusting changeble parameters 

within the limits (which estimated in the first step). Target function will 

be the indicator (sum of squares), the target to minimalise its value, 

by modification of changable parameters under the contrain 

conditions. 



Lab7: Fitting of Model by MS Solver 
 

 

 

 

 

1. We have an ecosystem model like in Lab 3. 



Lab7: Fitting of Model by MS Solver 
 

 

 

 

 

2. We add our monitoring data (D column). 



Lab7: Fitting of Model by MS Solver 
 

 

 

 

 

3. We calculate quadratic differences and sum of squares (E column, and K2 

cell). 



Lab7: Fitting of Model by MS Solver 
 

 

 

 

 

4. We determine the changeable model parameters and estimate the possibile 

intervals as contrain conditions. 

Parameter The original 

setting 

Minimum 

condition 

Maximum 

condition 

r 1.1 1.01 2.5 

K 1000000 100000 3000000 

Topt 298K 295K 300K 



Lab7: Fitting of Model by MS Solver 
 

 

 

 

 

5. We set the MS Solver. 



Lab7: Fitting of Model by MS Solver 
 

 

 

 

 

6. We perform the optimalization by MS Solver. 
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Ecological risk analysis 

 

Lab:  Stochastic simulation by random 

number generators 



Risk 

Risk is the potential of loss (an undesirable outcome, however 

not necessarily so) resulting from a given action, activity and/or 

inaction.  

 

Risk can be defined in two different ways: 

 

1. The probability of something happening multiplied by the 

resulting cost or benefit if it does. (Risk= probability * damage)  

 

2. The probability or threat of quantifiable damage, injury, liability, 

loss, or any other negative occurrence that is caused by 

external or internal vulnerabilities, and that may be avoided 

through preemptive action. (Risk= probability of a certain 

damage) 

 



Ecological Risk Analysis 

1. We identify the possible outcomes of a process. 

2. We quantify the values of every outcomes (value of 

damage or benefit) 

3. We estimate the probability of every possible outcomes. 

 

We can use stochastic simulation models  

• to identify possible outcomes  

• To quantify the values of damages or benefits 

• To estimate probabilities 

 

Using stochastic simulation for risk analysis is called Monte 

Carlo Method. 



How we can develop a stochastic 

ecosystem simulation model, and how 

we can use it? 

1. We need a fitted, validated and tested, good working 

deterministic simulation model.  

2. We can estimate degrees of uncertainty in connection 

input data (or model parameters). 

3. We add to every input data or parameter one-one  

random number function which is proportional to the 

degree of uncertainty. 

4. We perform a lot of simulation experiment with different 

sets and lot of replications, and analyse the results. 



Random Numers in the MS Excel? 

Among the MS Excel functions, we can find a function which 

generate uniformly distributed random numbers between 0 

and 1.  

The syntaxis is =RAND(), or =RND(), or =VÉL() or similar 

depending of language and version of used Excel. 

For example, if we would like to add a random number 

between -2 and +2 to a certain cells, we can do this by 

+(4*RAND()-2). 

 

There are another way: among Excel tools we can find a data-

analysis utility, and in it we can find a „random number 

generation” tool, which can generate random numbers from 

different distribution and parameters. 

  



Lab 8: Stochastic simulation by random 

number generators 

•We will use the deterministic modell from Lab 3.  

•We modify the temperature generator part of the model 

the following way: 

T(t)= a*sin(b*t+c)+d +(RAND()-0.5) 

 



Lab 8: Stochastic simulation by random 

number generators 



Lab 8: Stochastic simulation by random 

number generators 

If we press the F9 button, we can renew every random number of the 

sheet. Some different temperature time-series: 



Lab 8: Stochastic simulation by random 

number generators 

…and different results. 



The way of analyses of these different 

stochastic simulation results  

to build a complete ecological impact 

and risk evaluation  

see Lesson and Lab 9 and 10. 
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9th topic 
 

Date analysis of ecological experiments 

by ANOVA or Kruskal-Wallis test. 

 

Lab: statistical evaluation of experiment 

data by using PAST software 



The 9th and 10th topic will be about the Ecological Data Analysis. 

For this purpose we will use a very good and free statistical software the PAST. 

You can download this program with manuel and accesories from: 

http://folk.uio.no/ohammer/past/ 



Ecological Data Analysis 

Univariate statistics 

e.g. 

 t and F test, normality tests, 

ANOVA, non-parametrical tests, 

correlation and regression, 

Multivariate methods 

e.g. 

Cluster-analysis, 

ordination, seriation, 

cladistics 

Special technics 

e.g. 

Diversity-profiles, time-series 

metods, stratigraphical methods, 

geometrical and point-pattern 

methods 

 

 



Using of PAST program 

It is the Edit mode chechbox. If we 

sign this we can edit our data 



Using of PAST program 

If we sign this, we can edit 

the labels of rows and 

columns 



Using of PAST program 

File is similar to other program 



Using of PAST program 

Edit is similar too… 



Using of PAST program 

Here we can make some data-

transformation as a preparatory 

before analysis 



Using of PAST program 

Here we can make some 

simple graphs like Excel 



Using of PAST program 

Here you can find 

almost every univariate 

tests which important in 

Ecology 



Using of PAST program 

This is the place of 

Multivariate 

statistics and 

pattern-analytical 

tools 

The most 

important 

ones 



Using of PAST program 

Linear and 

nonlinear 

regressions 

Smooting 

methods 

Some special tools 



Using of PAST program 

A complete package for 

biodiversity analysis  



Using of PAST program 

A complete package for 

time series, monitoring data 

and LTER studies 



Using of PAST program 

In these two menu you can find a lot 

of special tools, which are important 

in paleontology 

Cladistics is a methodology for 

reconstruction of evolution-trees, and use 

for systematic biological purposes 



Statistical tests 

What is basically a statistical test? 

If we have a sample (which consist of more sample-element) from a big 

unknown population we would like to conclude from sample to all 

population. But of cource the average of sample elements will differ from 

the theoretical mean of the full population.  

A statistical test show that how big the probability that two value (that at 

least one of the two is a sample statistics) differ each other only because of the 

random sampling error.  

If it is a big probability (likelihood) we can say, that the difference between 

these two things is not significant. 

If it is a small probability (lower than the significancy-level, which is only a 

general aggrement), we can say that this difference is significant, maybe 

behind the difference are a real phenomenon. 

 



Univariate statistical 

tests for one sample 

If we would like to test that an average of sample 

significantly differ or not a theoretical mean of full 

population, we can use one-sample t-test, if the data 

show normal distribution. 

 

First we must test the normality!  

 

We can test the normatity by graphical way or with exact 

tests. 



Graphical normality test 



Graphical normality test 

Result 



Exact normality tests 



Exact normality tests 

Result 



One sample t-test 



One sample t-test 

Result 



Univariate statistical 

tests for two sample 

If we would like to test that variances and averages of two 

sample significantly differ or not, we can use two-sample 

F- and t-test, if the data show normal distribution. (First 

we must test the normality! ) 

There are two types of two-sample t-test: 

•In the case of equal variances 

•In the case of unequal variances 

We can choose by the result of F-test, in the PAST it is one 

step together. 

   

 

 



F- and t-tests for two 

sample 



F- and t-tests for two sample 

Result 



F- and t-tests for parameters 

It is a tool for planing experiment, to determine how many replication needed. 



ANOVA, a test for more 

than two samples 



What can we do if the 

data not from normal 

distribution? 

We can use data-

transformations 

e.g. 

logaritmic transformation 

and 

normality tests again 

We can use non-parametric tests 

 

e.g. 

 

Median test instead of mean 

Two-sample: Mann-Whitney 

More-sample: Kruskal-Wallis 

Yes/No 

Parametric tests 



Kruskal-Wallis test with Mann-

Whitney post hoc tests 
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10th topic 
 

Coegzistential patterns in communities 

and biodiversity. Multivariable data 

analysis and diversity profiles. 

 

Lab: hierarchical clustering and ordination 

methods by PAST software 

 

 

 



Communities 

In ecology, a community or biocoenosis is an assemblage or associations of 

populations of two or more different species occupying the same geographical 

area. Species interact in various ways: competition, predation, parasitism, 

mutualism, commensalism, etc. The organization of a biological community 

with respect to ecological interactions is referred to as community structure.  

Community ecologists study the interactions between species in communities 

on many spatial and temporal scales, including the distribution, structure, 

abundance, demography, and interactions between coexisting populations. 

Community ecology has its origin in European plant sociology. Modern 

community ecology examines patterns such as variation in species richness, 

equitability, productivity and food web structure (see community structure); it 

also examines processes such as predator-prey population dynamics, 

succession, and community assembly. 

 



Complexity of communities 

Complexity is understood as a large computational effort needed to piece 

together numerous interacting parts exceeding the iterative memory capacity 

of the human mind. Global patterns of biological diversity are complex.  

Complexity in ecology is of at least six distinct types: spatial, temporal, 

structural, process, behavioral, and geometric. From these principles, 

ecologists have identified emergent and self-organizing phenomena that 

operate at different environmental scales of influence, ranging from molecular 

to planetary, and these require different explanations at each integrative level. 

 Ecological complexity relates to the dynamic resilience of ecosystems that 

transition to multiple shifting steady-states directed by random fluctuations of 

history. Long-term ecological studies provide important track records to better 

understand the complexity and resilience of ecosystems over longer temporal 

and broader spatial scales. These studies are managed by the International 

Long Term Ecological Network The longest experiment in existence is the Park 

Grass Experiment, which was initiated in 1856.  



Biodiversity 

Biodiversity (an abbreviation of "biological diversity") describes the diversity of life 

from genes to ecosystems and spans every level of biological organization. The 

term has several interpretations, and there are many ways to index, measure, 

characterize, and represent its complex organization. Biodiversity includes 

species diversity, ecosystem diversity, and genetic diversity and scientists are 

interested in the way that this diversity affects the complex ecological processes 

operating at and among these respective levels. Biodiversity plays an important 

role in ecosystem services which by definition maintain and improve human 

quality of life. Preventing species extinctions is one way to preserve biodiversity 

and that goal rests on techniques that preserve genetic diversity, habitat and the 

ability for species to migrate. Conservation priorities and management techniques 

require different approaches and considerations to address the full ecological 

scope of biodiversity. Natural capital that supports populations is critical for 

maintaining ecosystem services and species migration (e.g., riverine fish runs and 

avian insect control) has been implicated as one mechanism by which those 

service losses are experienced. An understanding of biodiversity has practical 

applications for species and ecosystem-level conservation planners as they make 

management recommendations to consulting firms, governments, and industry.  

 



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. 

 

Ecological theory has also been used to explain self-emergent regulatory 

phenomena at the planetary scale: for example, the Gaia hypothesis is an 

example of holism applied in ecological theory. The Gaia hypothesis states that 

there is an emergent feedback loop generated by the metabolism of living 

organisms that maintains the temperature of the Earth and atmospheric conditions 

within a narrow self-regulating range of tolerance 



How we can analyse this multivariable patterns in 

communities? 

Classifications 

e.g 

Hierarchical cluster-

analysis 

 

Ordinations 

e.g 

Non-metric 

Multidimensional Scaling 

(NMDS) 

 

Meta-analyses 



Multivariate pattern-analysis 

Data  

matrix 

Distance 

functions 
Distance 

matrix 

Agglomerative 

algorithm for 

hierarchical 

classification 

Dimension 

reduction by 

NMDS algorithm 



Distance functions in PAST 

software 

We can prepare the Data Matrix 

Edit mode 



Distance functions in PAST 

software 



Distance functions in PAST 

software 

Results with 

Euclidean 

distance 

We can choose 

another functions 



Hierarchical Clustering directly 

from Data-matrix by PAST 

software 



Result 



Two-way result 



Non-metric Multidimensional 

Scaling directly from Data-

matrix by PAST software 



Result of NMDS 



Analysis of Diversity by PAST 



Indices of Diversity by PAST 



Diversity-profiles by PAST 



Thank you for your attention! 


