Module Handbook

Master of Science
Ecology and Biodiversity

Stand: 27.05.2025



Table of contents

TaDIE Of COMEENLS. ...eeiiiiiiiiiiiiieee ettt ettt e sttt e e sttt e e s et eeseanbeeeesenreeeesenreeeenas 2
COTNPULISOTY AT ...ttt s 3
General INTrOAUCTION ....cciivuiiiiiiiiiiee ettt e e s e e s e e e s enneees 4
Study Design and Data ANALYSIS .......ueuveeiiiiiiiiiiiiiiieiieiereieereeeeeeeeeeeeeeeeeeeeererreeeeeeereeree... 8
RESEATCH INTEIMNISNIP Luuvtviiiiiiiiiiiiiiiii s anen 10
MASTEI-TRESIS .cceeieieieitteee et 12
Open Catalogue Elective Modules Master of Science Ecology and Biodiversity .........cc.cc..c..... 14
Diversity and Ecology of Aquatic MICIODES .........ccooouiiiiiiiiiiiiiiiiieeieeeceeeec e 15
Biodiversity Of IOWET PIANES......uuuuuuuuuueeiuiiiiiiiiiiiii s neennnennnes 17
Ecophysiology of phototrophiC OrganisSms...............eeeeeeeueueeueeiiiiiiiiieeeeeees 19
Morphology and UITaStIUCIUTE .........uuuuuueurenenerinennnennnnennnennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnes 21
Chemical Plant ECOIOZY .......uuuuiiiiiiiiiiieeiiieeieeeieeeeeeeeereeeeeeeeeereeeereeeeeeeeeeereereeereemer. 23
Evolutionary ECOlOZY Of PIANTS .........uuuuuuuuuiiiiiiiiiiiiiii e 26
Biodiversity and ECOSYStemM FUNCHOMINE.......uuuuuuuuuiiuiiiiiiiiiiiiiiiiiiiiiii s 29
FOTEST ECOLOZY ..ttt s 32
D30 10) 1010) (o3 <4 20N 35
Philosophy of Biology and Bioethics fOr BiOlOZIStS ..........uuuuuuuuuuuuiiiiiiiiiiiiiiiiiaes 37
Naturschutz und die Biome der Erde.........ooooumiiiiiiiiiiiiiiiiiiiieeeceeeeeeeeee e 40
Vegetationsokologie I - Biodiversitdt und Renaturiertung ............eeeeeeeeeeeeeeeeeeeereeeeeeeeeeeeennes 43
Vegetationsékologie II - Okosystemdynamik und Biodiversititsanalysen .......................... 46
Biomechanics, functional morphology and biomimetics...........ccecevveuuuuiiiiiiiaaee 49
BioloZical Plant PrOTECTION ....uuuuuuuueiiiiiiiiiiiiiiiiii s 51
Open Catalogue Elective Modules Political SCIENCES ..........uvveeiiiiiiiiiiiiiiiiiieeeeeieeieieeeeee e 54
Open Catalogue Elective Modules GEOSCIEINCES......ccceirrriummiiiiieeieiiiaiiiiiiteeeeeeeeerrreeeeeeeeeeeaas 55
Open Catalogue Elective Modules Master of Science Molecular and Cellular Biology.............. 56
Open Catalogue Theoretical Biology SpezialiSation ..............eeeeeeeeierriuiiiiieeeeeernniriiiieeeeeeeeennns 57
Open Catalogue Elective Modules out of Master of Science Synthetic Biology ...........cccceeun.... 58
Current SyntheticC BIOLOZY ...ccccuuveieiiiiiiiiiiiiieee et e e e e e 59
Science Communication and Bioethics/BioSeCUrity..........cceeiiiiiiiriiiiiiieeeeeriiiiiiieieeeeeeeenne 61
DNA and Protein Synthetic BiOlOZY .....cccciiiiiiimiiiiiiiiiiiiiiiieteeeeee et 63
Advanced Synthetic BiOlOZY .....ccciiiiiiimiiiiiiiieiiieiiitteee et e e e e e e 65



Compulsory Area



Module Description

Module name

General Introduction

Module
no. Credit Points | Workload Self-study Duration Frequency
10-23- 12 CP 360 h 225 h|1 Semester |Every semester
0001
Language of Instruction Person responsible for the Module
English Studiendekan*in des Fachbereichs 10
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0001-v1 |Organisms ‘ 0 ‘Lecture |3
10-23-0101-vl IEcosystems ‘ 0 ‘Lecture |3
10-23-0111-ws | Getting Started in M.Sc. 0 Workshop 3
Ecology and Biodiversity

2 |Study Content

Getting Started:

Basic topics of Ecology and Biodiverstiy will be worked out in small student teams. Beside
the scientific focus, it contains significant skills-oriented elements such as intercultural
team building, project management, and presentations training (posters and oral
presentations). The results of the teamwork are presented in the seminar. Presentation of
the results may include both, talks and posters.

Lectures;

The lecture series Ecosystems provides a comprehensive understanding of the
interrelationships between organisms and their environment within ecosystems. Students
will explore how abiotic factors interact with organisms at individual and population
levels, shaping community structure and ecosystem function. It will also provide students
with an understanding of the diverse and dynamic nature of biotic interactions within
ecosystems. This part of the lecture series conveys the importance of biodiversity for
ecosystem integrity and resilience.

The lecture series Organisms explores the interplay between evolutionary processes and
ecological adaptations in exemplary taxonomic groups (e.g. algae, higher plants, protists,
arthropods, birds). Students will gain knowledge of how these organisms have evolved
diverse morphologies, physiologies, and life histories to thrive in various ecological
niches. The course integrates evolutionary theory with ecological principles to understand
how these organisms interact with their environment and contribute to ecosystem
function.

* Abiotic Factors and the Environment, e.g. physical and chemical factors and their
interrelationships with organisms and ecosystem processes, disturbance regimes (e. g.
fire, floods, grazing) and their ecological consequences, nutrient cycling (e. g. carbon,
nitrogen, phosphorus), global change and its impact on ecosystems (e. g. climate, land-
use).

*Organism-Environment Interactions, e.g. physiological adaptations of organisms to




environmental factors, behavioural ecology and resource acquisition strategies, species
interactions: competition, predation, mutualism, herbivory.

* Community Ecology, e.g. assembly rules: how species co-occur in communities, niche
theory and resource partitioning, species diversity and its ecological drivers (productivity,
disturbance), ecosystem function: food webs and energy flow through ecosystems.
*Biodiversity and Ecosystem Resilience, e.g. importance of biodiversity for ecosystem
functioning and stability, threats to biodiversity (e. g. habitat loss, climate change,
invasive species, overexploitation), conservation biology principles and practices,
ecosystem services and their value to humans.

*Phylogeny and Comparative Approaches, e. g. evolutionary history and diversity of
selected groups of organisms, phylogenetic reconstruction, comparative ecology, case
studies that demonstrate the power of combining evolutionary and ecological
perspectives for understanding organismal success (e.g., convergent evolution in similar
environments, adaptive radiation within a group).

*Functional Ecology, e. g. linking form and function (how the morphology, physiology,
and behaviour of organism influence their ecological roles and interactions within
ecosystems), resource acquisition and allocation (how organisms acquire resources and
allocate them to growth, reproduction, and defence based on their life histories and
ecological strategies), community assembly and functional diversity (the role of
functional traits in community assembly and the importance of functional diversity for
ecosystem stability and functioning).

3 |Learning Outcomes

After completing the module, students can:

Getting Started:

*name basic concepts of project management

ereflect on their own and other intercultural backgrounds and team processes
*evaluated ecology and biodiversity topics with respect to globalization and ethical
standards

describe and present the results of their work in a scientifically adequate form.

Lecture series Ecosystems

* Analyse the different types of species interactions and their role in community structure.
*Evaluate the importance of biodiversity for ecosystem integrity and resilience.

*Identify the major threats to biodiversity and their ecological consequences.

*Critically evaluate the relationships between organisms and their environment.

* Apply ecological theory to understand real-world environmental challenges (e.g.,
climate change, habitat loss, biological invasions, overexploitation).

*Relate their ecological knowledge to actual problems and solutions in society and policy,
and for sustainable management of natural resources

*Formulate and defend well-reasoned arguments on ecological issues.

Lecture series Organisms

*Explain the major evolutionary milestones and diversification patterns in selected taxa
(e.g. protists, arthropods, angiosperms) and describe the functional morphology and
adaptations of these groups for specific ecological niches.

* Analyse the relationship between functional traits and their ecological strategies.
*Define and apply concepts of functional ecology to understand organism-environment
interactions.

*Critically evaluate the ecological significance of adaptations and life history strategies.




* Analyse the interplay between evolutionary history and ecological interactions within
ecosystems.

*Evaluate the importance of functional diversity for community assembly and ecosystem
functioning.

*Formulate and defend well-reasoned arguments on topics related to biodiversity,
ecology and evolution of organisms.

4 |Requirements for Participation

5 |Form of Examination
Final Module Examination:

e  Module Examination (Technical Examination, Written Exam, Duration 120 min,
Standard)

Course Examination:

e [10-23-0111-ws] (Study Examination, Portfolio, Passed / Not Passed)

6 |Requirements on the Award of Credit Points

Passing the exams. Compulsory attendance in 75% of the workshop. A focus of the
module is on solving a problem in a team. For this purpose, it is necessary that the team
members spend time together as a team. Furthermore, acquisition and development of
intercultural and team competence depends on interaction with the team during the
seminar.

7 |Grading
Final Module Examination:

e Module Examination (Technical Examination, Written Exam, Weight: 100%,
Standard)

Course Examination:

e [10-23-0111-ws] (Study Examination, Portfolio, Weight: 0%, Passed / Not
Passed)

8 |Usability of the Module
M.Sc. Ecology and Biodiversity

9 |Literature

The Ecology of Plants (3rd Edition) Jessica Gurevitch, Samuel M. Scheiner, and Gordon
A. Fox

Ecology: From Individuals to Ecosystems (5th Edition) Michael Begon and Colin R.
Townsend

10 [{Comment







Module Description

Module name

Study Design and Data Analysis

Module
no. Credit Points | Workload Self-study Duration Frequency
10-23- 6 CP 180 h 120 h|1 Semester |Every semester
0002
Language of Instruction Person responsible for the Module
English Studiendekan*in des Fachbereichs 10
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0002-ue | Advanced Data Analysis - 0 Exercise 3
Exercise
10-23-0002-vl | Advanced Data Analysis - 0 Lecture 1
Lecture

2 |Study Content

This course equips students with the fundamental skills and knowledge necessary to
analyse and visualise ecological and biodiversity data effectively. Through a combination
of lectures and practical exercises students will gain expertise in:

*Study design

*Data preparation and management

*Data types and distributions

*Data visualization

*Basic statistical tests and multiple comparisons

* Analysis of variance

*Correlation and regression analysis

*Model Diagnostics and Residual Analysis

*Multivariate Analysis

*Biodiversity Metrics

In the exercises with the statistical program R, the presented statistical methods are
learned using sample datasets from botany, zoology, ecology, and biodiversity research.

3 |Learning Outcomes
After completing the module, students can:

*Design an ecological study in such a way that it is statistically well analysable

*Identify common ecological data distributions and apply appropriate transformations
*Explore and analyse non-linear relationships in ecological data

*Select and apply appropriate statistical tests based on experimental design

*Draw a conclusion about the research question, considering the statistical test results

* Quantify biodiversity using appropriate metrics

*Use the program R for basic data management/handling and exploratory analysis in an
ecological context




4 |Requirements for Participation

5 |Form of Examination
Final Module Examination:

e  Module Examination (Technical Examination, Written Exam, Duration 90 min,
Standard)

6 |Requirements on the Award of Credit Points

7 |Grading
Final Module Examination:

e Module Examination (Technical Examination, Written Exam, Weight: 100%,
Standard)

8 |Usability of the Module
M.Sc. Ecology and Biodiversity

9 |Literature
Will be announced in the course.

10 {Comment




Module Description

Module name

Research Internship

Module
no. Credit Points | Workload Self-study Duration Frequency
10-23- 19 CP 570 h 45 h|1 Semester |Every semester
0003
Language of Instruction Person responsible for the Module
English Studiendekan*in des Fachbereichs 10
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0003-pr |Reseach Internship 0 Practical / 34
Lab /
Internship
10-23-0003-se | Scientific Writing 0 | Seminar 1

2 |Study Content

Research Internship:

12-week internship, which is usually carried out in one of the working groups of the
lecturers involved in the study program. The content of the in-depth work is to be
determined in consultation with the respective head of the working group and is oriented
towards current issues from the research area of the university lecturer. Students are
guided to work on the topic independently as far as possible. Students present the results
of their work in a seminar.

Scientific Writing:

Principles of scientific writing, structure and style of scientific manuscripts, literature
research, critical analysis of scientific literature, Scientific misconduct, and good scientific
practice.

3 |Learning Outcomes

Following completion of the module, students will be able to:

ework on complex problems in the field of ecology and biodiversity biology under
guidance;

*describe and apply new methods;

*document their work scientifically;

* apply the principles of scientific writing;

ediscuss their work it in the light of current scientific knowledge;

epresent their work in front of a professional audience.

4 |Requirements for Participation

Participation at Research Internship: At least 24 CP from the ‘Elective Modules Master of
Ecology and Biodiversity’ must be completed and passed.

5 |Form of Examination

10



Course Examination:

e [10-23-0003-pr] (Technical Examination, Minutes/(laboratory) notebook,
Standard)

e [10-23-0003-pr] (Study Examination, Presentation, pass/not passed)

6 |Requirements on the Award of Credit Points

Passing the exam.

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
professional handling of scientific equipment, safe application of practical methods in the
laboratory and during field excursions, evaluation, documentation and interpretation of
experimentally obtained data, presentation of results.

7 |Grading
Course Examination:

e [10-23-0003-pr] (Technical Examination, Minutes/(laboratory) notebook,
Weight: 100%, Standard)

e [10-23-0003-pr] (Study Examination, Presentation, pass/not passed)

8 |Usability of the Module
M.Sc. Ecology and Biodiversity

9 |Literature
Will be announced in the course.

10 {Comment
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Module Description

Module name

Master-Thesis

Module

no. Credit Points | Workload Self-study Duration Frequency

10-23- 30 CP 900 h 900 h|1 Semester |Every semester

5000

Language of Instruction Person responsible for the Module

English Studiendekan*in des Fachbereichs 10

1 |Courses of the Module

Course no. Course name Workload (CP) Form of Contact
Teaching Hours

per
Week

| | | |
| | | |

2 |Study Content

Working on a scientific problem under supervision. Independent planning, execution and
evaluation of new experimental or theoretical studies on a current scientific topic. The
problem as well as the results are documented in writing together with a critical
interpretation of the data.

3 |Learning Outcomes
Following completion of the module, students will be able to:

e work independently on complex ecology and biodiversity biology problems and
consider different
approaches of solving them;

e develop problem-solving strategies;

e document their work scientifically and to discuss and critically reflect on it in the
light of current scientific knowledge;

e present their work

4 |Requirements for Participation
Minimum of 42 CP in M.Sc. Ecology and Biodiversity

5 |Form of Examination
Final Module Examination:

e  Module Examination (Technical Examination, Thesis, Standard)

e Module Examination (Technical Examination, oral Examination, Duration 30 min
Standard)

6 |Requirements on the Award of Credit Points
Passing the exams.

12



7 |Grading
¢ Module Examination (Technical Examination, Thesis, Weight: 80%, Standard)

e Module Examination (Technical Examination, Oral Examination, Weight: 20%,
Standard)

8 |Usability of the Module
M.Sc. Ecology and Biodiversity Biology

9 |Literature
Will be announced in the course.

10 |Comment
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Open Catalogue
Elective Modules

Master of Science
Ecology and Biodiversity’

I German-language modules in this area are particularly well-suited for graduates of the programme
seeking future employment in public service institutions.

14



Module Description

Module name
Diversity and Ecology of Aquatic Microbes
Module Frequenc
no. Credit Points |Workload Self-study Duration B 9 9 y
very 2.
10-23- 6 CP 180 h 45 h|1 Semester Y
semester
0010
Language of Instruction Person responsible for the Module
English Prof. Dr. rer. nat. Sebastian Hef3
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0010-pr |Diversity and Ecology of 0 Practical / 6
Aquatic Microbes - Lab course Lab /
Internship
10-23-0010-se |Diversity and Ecology of 0 Seminar 1
Aquatic Microbes - Seminar
10-23-0010-vl |Diversity and Ecology of 0 Lecture 2
Aquatic Microbes - Lecture
2 |Study Content
Types, structure, and genesis of aquatic ecosystems
*Freshwater ecosystems
*Marine ecosystems
Diversity and functions of aquatic microbes
*Protists
* Micrometazoa
*Fungi
*Prokaryotes
3 |Learning Outcomes
After completing the module, students can:
Lecture
* Assess the theoretical background of how aquatic ecosystems are structured and change
with time
*Evaluate the importance of certain organismal groups for aquatic ecosystems
Practical courses
* Acquire and prepare aquatic samples for microscopic and physicochemical analyses
* Apply light microscopy techniques and photo-/video documentation
*Determine aquatic microbes to relevant taxonomic levels
*Isolate aquatic microbes from natural samples (e.g., for genetic identification)

15



Seminar
*Present results and relevant published data

4 |Requirements for Participation

5 |Form of Examination
Final Module Examination:

e  Module Examination (Technical Examination, Presentation, Standard)

6 |Requirements on the Award of Credit Points

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
Carrying out vegetation surveys, recording biotope factors, applying animal ecology
recording and evaluation techniques in the field, analysing, documenting and interpreting
data obtained.

7 |Grading
Final Module Examination:

e Module Examination (Technical Examination, Presentation, Weight: 100%,
Standard)

8 |Usability of the Module

M.Sc. Ecology and Biodiversity
M.Sc. Molecular and Cell Biology
M.Sc. Synthetic Biology

9 |Literature
Provided during the module

10 [Comment
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Module Description

Module name

Biodiversity of lower plants

Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 Y
10-23- 6 CP 180 h 45h|1 Semester |- oY =
semester
0011
Language of Instruction Person responsible for the Module
English Prof. Dr. rer. nat. Sebastian Hef3
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0011-ex |Biodiversity of lower plants - 0 Excursion 3
Excursion
10-23-0011-pr |Biodiversity of lower plants - 0 Practical / 5
Lab Course Lab /
Internship
10-23-0011-vl |Biodiversity of lower plants - 0 Lecture 1
Lecture

2 |Study Content

The module provides in-depth knowledge about the identification, characteristics and
ecology of lower plants (e.g., algae, lichens, bryophytes). This includes field excursions,
sampling, the application of relevant identification keys, and different microscopy
techniques.

3 |Learning Outcomes
After completing the module, students can:

Lecture

*Name the organizational and cellular characteristics of different groups of lower plants
*Differentiate between the ecological specifics of diverse lower plants

* Assess the importance of lower plants as bioindicators

Practical courses

* Apply relevant microscopy and staining techniques

*Identify genera and species with identification keys

Excursions

*Recognize major taxonomic groups and species of lower plants

* Apply different sampling techniques for algae, bryophytes and lichens

4 |Requirements for Participation

Passing the exam.

Attendance at least 75 % of the internship and excursion.

Compulsory attendance is required for the acquisition of the following competences:
Carrying out vegetation surveys, recording biotope factors, applying animal ecology

17



recording and evaluation techniques in the field, analysing, documenting and interpreting
data obtained.

5 |Form of Examination
Final Module Examination:

e  Module Examination (Technical Examination, Portfolio, Standard)

6 |Requirements on the Award of Credit Points

Passing the exams. Compulsory attendance in 75% of the practical course and excursions.
Acquisition and development of laboratory skills depends on working in the laboratory
during the practical course.

7 |Grading
Final Module Examination:

e Module Examination (Technical Examination, Portfolio, Weight: 100%,
Standard)

8 |Usability of the Module

M.Sc. Ecology and Biodiversity
M.Sc. Molecular and Cell Biology
M.Sc. Synthetic Biology

9 |Literature
Provided during the module.

10 |Comment
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Module Description

Module name

Ecophysiology of phototrophic organisms
Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 Y
10-23- 6 CP 180 h 45h|1 Semester |- oY =
semester
0012
Language of Instruction Person responsible for the Module
English Prof. Dr. rer. nat. Sebastian Hef3
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0012-pr |Ecophysiology of phototrophic |0 Practical / 6
organisms- Lab course Lab /
Internship
10-23-0012-se |Ecophysiology of phototrophic |0 Seminar 2
organisms- Seminar
10-23-0012-vl |Ecophysiology of phototrophic |0 Lecture 1
organisms - Lecture

2 |Study Content

This module provides in-depth knowledge about the physiological adaptations of
phototrophic organisms (i.e. algae, lichens, plants) to different environmental conditions.

Topics in detail:

A) Impact of climate and nutrients on physiological processes of phototrophic organisms
*Environmental conditions of different habitat types

*Effects of diverse stress conditions on cells and metabolic processes

*Cellular adaptations to stress conditions (e.g., high light, extreme temperatures)
*Evolutionary context of adaptive strategies

*Changing climatic conditions and adaptability of organisms

B) Experimental simulation of stress conditions and investigation of physiological
reactions

*Selection of study organisms (e.g., microalgae)

*Design and setup of physiological experiments

* Acquisition and analysis of results

e Interpretation of collected data

3 |Learning Outcomes
After completing the module, students can:

Lecture
* Assess the abiotic conditions of different habitat types
* Assess potential damaging effects and adaptations of phototrophic organisms

19



*Evaluate the adaptability of selected organisms towards selected stressors and apply
knowledge to climate change conditions

Practical courses

*Set up a scientific experiment to study adaptive strategies of selected organisms to
environmental conditions (e.g., light, temperature, nutrients)

* Analyse and interpret data from physiological experiments

Seminar

*Summarise primary literature on current research topics in the field

*Critically question and evaluate published methods and results

*Give a scientific presentation about published data

4 |Requirements for Participation

5 |Form of Examination
Final Module Examination:

e  Module Examination (Technical Examination, Presentation, Standard)

6 |Requirements on the Award of Credit Points

Passing the exams.

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
Carrying out vegetation surveys, recording biotope factors, applying animal ecology
recording and evaluation techniques in the field, analysing, documenting and interpreting
data obtained.

7 |Grading
Final Module Examination:

e Module Examination (Technical Examination, Presentation, Weight: 100%,
Standard)

8 |Usability of the Module

M.Sc. Ecology and Biodiversity
M.Sc. Molecular and Cell Biology
M.Sc. Synthetic Biology

9 |Literature
Provided during the module.

10 |Comment
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Module Description

Module name

Morphology and Ultrastructure
Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 Y
10-23- 12 CP 360 h 90 h|1 Semester | oY <
0013 semester

Person responsible for the Module

Prof. Dr. rer. nat. Sebastian Hel%, Prof. Dr. rer.
nat. Michael Heethoff

Language of Instruction
English

1 |Courses of the Module

Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0013-pr |Morphology and Ultrastructure |0 Practical / 14
- Practical course Lab /
Internship
10-23-0013-se |Morphology and Ultrastructure |0 Seminar 1
- Seminar
10-23-0013-vl |Morphology and Ultrastructure |0 Lecture 3
- Lecture

2 |Study Content

This module provides in-depth knowledge of 2D and 3D imaging techniques for the
analyses of the morphology and ultrastructure of various organisms (e.g. protists,
arthropods). The aims of this module are 1) to understand the importance of
morphological structures in an ecological context, and 2) to understand the principles
and applications of selected imaging methods. Specifically, the students will learn how to
analyse external (e.g., with SEM, photogrammetry) and internal (e.g., with TEM, CT)
structures of biological specimens.

Topics in detail:

A) External structure of organisms

*Theory and application of scanning electron microscopy (SEM)

*Theory and application of photogrammetry

B) Internal structure of organisms

*Theory and application of transmission electron microscopy (TEM)

*Theory and application of micro-computer-tomography (uCT), and synchrotron-uCT

3 |Learning Outcomes
After completing the module, students can:

Lecture

* Assess the theoretical background of imaging techniques (SEM, TEM, CT,
photogrammetry)

*Evaluate the importance of an organisms’ morphology in an ecological context

21



Practical courses

*Prepare samples for different imaging techniques

* Apply electron microscopy techniques

*Generate 3D-models with photogrammetry

* Analyze morphological SR-uCT-data with volumetric and segmentation techniques

Seminar
*Present experimental results

4 |Requirements for Participation

5 |Form of Examination
Course Examination:

e [10-23-0013-vl] (Technical Examination, Written Exam, Duration 60 min,
Standard)

e [10-23-0013-pr] (Study Examination, Presentation, Standard)

6 |Requirements on the Award of Credit Points

Passing the exams.

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
Carrying out vegetation surveys, recording biotope factors, applying animal ecology
recording and evaluation techniques in the field, analysing, documenting and interpreting
data obtained.

7 |Grading
Course Examination:

e [10-23-0013-vl] (Technical Examination, Written Exam, Weight: 75%, Standard)

e [10-23-0013-pr] (Study Examination, Presentation, Weight: 25%, Standard)

8 |Usability of the Module

M.Sc. Ecology and Biodiversity
M.Sc. Molecular and Cell Biology
M.Sc. Synthetic Biology

9 |Literature
Provided during the module

10 [{Comment
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Module Description

Module name

Chemical Plant Ecology

Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 y
10-23- 6 CP 180 h 45h|1 Semester |- oY =
semester
0014
Language of Instruction Person responsible for the Module
English Prof. Dr. rer. nat. Andreas Jiirgens
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0014-pr |Chemical Plant Ecology - Lab 0 Practical / 5
Course Lab /
Internship
10-23-0014-v]l |Chemical Plant Ecology - 0 Lecture 4
Lecture

2 |Study Content

This module provides in-depth knowledge of chemical plant ecology. The focus is on the
diverse functions of plant chemical constituents in their interaction with the environment,
especially with animals. Chemical-ecological approaches for the investigation of
interactions between individuals and species are developed in depth. Aspects of current
research are presented and contextualised. The focus is on functional diversity and
elucidation of chemical signalling substances, their ecological function, evolutionary
mechanisms, application (e.g. in agriculture and forestry). Students learn modern
analytical methods for the identification and characterisation of plant chemicals and how
to carry out behavioural tests to investigate their effects. In addition, practical
applications in the field of plant protection are examined. Topics in detail:

A) The role of plant compounds in the interaction with animals
*Primary and secondary plant metabolites and their function

* Adaptations to herbivores, predators and pollinators

*Chemical communication between plants and animals

* Co-evolutionary interactions

B) Identification of plant constituents using modern analytical methods
*Extraction and separation methods

* Chromatographic techniques (e.g. HPLC, GC-MS)

* Mass spectrometry

C) Experimental design and behavioural tests

*Selection of suitable test objects and test systems

*Definition of behaviours and their measurement

*Data collection and evaluation

*Statistical analysis

*Ethical aspects

D) Landscape ecology and practical application in plant protection
* Aspects of plant chemicals in landscapes (e.g. ‘odour landscapes’)
* Utilisation of plant chemicals as natural pesticides

23



*Development of resistance to chemicals
*Biotechnological approaches

3 |Learning Outcomes

After completing the module, students can:

Lecture

*explain the interrelationships of chemical plant ecology (e.g. the role of plant
constituents for the interaction with other organisms - herbivory, mimicry, allelopathy,
mutualistic relationships - flower ecology and aspects of sensory biology such as colour
perception, smell) and apply them to current problems (e.g. specific scenarios in the
working world - such as basic research, plant protection and environmental protection).

e transfer knowledge to new, previously unknown problems

eunderstand the importance of bioethical considerations in the use of plant chemicals in
the environment and are able to apply their knowledge to real-world scenarios.

Practical courses

*independently formulate hypotheses on issues of chemical plant ecology, discuss and
defend them in a team.

ecollect standardised data (e.g. behavioural data of animals in a two-choice experiment)
based on experimental designs developed in teamwork and document them in a way that
is comprehensible to others.

eanalyse and interpret experimentally collected data (e.g. field data on the interaction of
animals with plants, GC-MS data, and spectral data on the colour reflection of plant
parts).

evalidate/falsify hypotheses resulting from different experimental designs using adequate
quantitative methods (e.g. (multivariate) statistical methods or more complex models)
and evaluate the results in the context of current literature. Develop recommendations
for further hypotheses in the team and make suggestions for implementation.
*effectively communicate complex topics in plant chemical ecology in written format.
*deal with complex and changing challenges in practical scenarios (e.g. specific problems
in plant protection in an international context).

Seminar

esummarise original literature on current research topics in the field of chemical plant
ecology and critically question and evaluate the methods and results, and present this to
an audience.

4 |Requirements for Participation

5 |Form of Examination
Final Module Examination:

e  Module Examination (Technical Examination, Essay, Standard)

If a seminar paper is successfully presented, the bonus regulation according to § 25 (2) of
the APB of a whole grade applies.
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6 |Requirements on the Award of Credit Points

Passing the exam.

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
Carrying out vegetation surveys, recording biotope factors, applying animal ecology
recording and evaluation techniques in the field, analysing, documenting and interpreting
data obtained.

7 |Grading
Final Module Examination:

e Module Examination (Technical Examination, Essay, Weight: 100%, Standard)

8 |Usability of the Module

M.Sc. Ecology and Biodiversity
M.Sc. Molecular and Cell Biology
M.Sc. Synthetic Biology

9 |Literature
Current primary literature

10 [{Comment
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Module Description

Module name

Evolutionary Ecology of Plants

Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 y
10-23- 6 CP 180 h 45h|1 Semester |- oY =
semester
0015
Language of Instruction Person responsible for the Module
English Prof. Dr. rer. nat. Andreas Jiirgens
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0015-pr |Evolutionary Ecology of Plants - |0 Practical / 5
Lab course Lab /
Internship
10-23-0015-vl |Evolutionary Ecology of Plants - |0 Lecture 4
Lecture

2 |Study Content

This module explores the interplay between evolutionary processes and ecological factors
that shape plant life. Students will gain a deep understanding of how plants have adapted
to diverse environments through natural selection and other evolutionary mechanisms.
The course will integrate ecological principles with evolutionary theory to understand
plant life history strategies, resource acquisition, interactions with other organisms, and
responses to environmental change. Course Content:

A) Plant Life History Strategies:

*Resource allocation trade-offs: Explore how plants allocate resources (water, nutrients,
energy) for growth, reproduction, and defence, leading to diverse life history strategies
(e.g., r- vs. k-selection).

*Reproductive strategies: Examine the evolution of plant reproductive systems (sexual vs.
asexual), pollination mechanisms (e.g. wind, animal), and seed dispersal strategies (e.g.
wind, animals)

*Plant dormancy and phenology

B) Plant-Environment Interactions:

* Adaptation to abiotic stress (light, water, temperature, nutrients)

*Physiological and morphological adaptations to different environments (deserts, aquatic
habitats)

*Plant-pollinator interactions: Examine the coevolution of floral morphology, colour, and
scent with pollinator behaviour and the ecological consequences of these interactions
*Plant defence mechanisms against herbivores and pathogens

C) Coevolution and Ecological Interactions:

*Plant-herbivore interactions: Analyse the coevolutionary arms race between plants and
herbivores, exploring plant defence mechanisms (chemical, physical) and herbivore
counter-adaptations.

*Plant-microbial interactions (mycorrhizae, nitrogen fixation)

*Plant competition and facilitation: Explore how plants compete for resources like light,
water, and space, and how facilitation can occur between plant species in harsh
environments
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*The role of plant diversity in ecosystem functioning

D) Evolutionary Responses to Environmental Change:

*Plant adaptations to climate change (global warming, drought)
*Invasive plant species and their ecological impacts

*Evolutionary rescue and extinction risks in changing environments
*Conservation biology from an evolutionary perspective

3 |Learning Outcomes

By the end of this module, students will be able to:

Lecture

*Explain the key concepts of plant life history strategies and resource allocation trade-
offs.

*Describe the evolution of diverse reproductive strategies in plants (sexual, asexual,
pollination mechanisms, seed dispersal).

*Explain and evaluate the coevolutionary dynamics between plants and their
environment, including pollinators, herbivores, and microbes.

* Analyse the adaptations of plants to different environmental factors like light, water,
and nutrient availability.

*Evaluate the potential impacts of environmental changes (climate change, habitat
fragmentation, invasive species) on plant evolution and adaptation.

*Critically analyse the ecological significance of diverse plant life history strategies.
*integrate information from multiple disciplines that examine the interactions between
species, their physiology, and their environment.

Practical courses

*Develop research questions and design studies to investigate plant-environment
interactions.

* Analyse the potential ecological consequences of environmental change on plant
populations and communities.

e collect standardised data (e.g. interaction data between plants and animals in the field)
based on experimental designs developed in teamwork and document them in a way that
is comprehensible to others.

evalidate/falsify hypotheses resulting from different experimental designs using adequate
quantitative methods (e.g. generalized linear models) and evaluate the results in the
context of current literature. Develop recommendations for further hypotheses in the
team and make suggestions for implementation.

*Predict how plant populations might adapt to future environmental changes.
*Effectively communicate complex topics in plant evolutionary ecology in written format.
Seminar

esummarise original literature on current research topics in the field of plant
evolutionary ecology and critically question and evaluate the methods and results, and
present this to an audience.

4 |Requirements for Participation

5 |Form of Examination
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Final Module Examination:

e Module Examination (Technical Examination, Essay, Standard)

If a seminar paper is successfully presented, the bonus regulation according to § 25 (2) of
the APB of a whole grade applies.

6 |Requirements on the Award of Credit Points

Passing the exam.

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
Carrying out vegetation surveys, recording biotope factors, applying animal ecology
recording and evaluation techniques in the field, analysing, documenting and interpreting
data obtained.

7 |Grading
Final Module Examination:

¢ Module Examination (Technical Examination, Essay, Weight: 100%, Standard)

8 |Usability of the Module

M.Sc. Ecology and Biodiversity
M.Sc. Molecular and Cell Biology
M.Sc. Synthetic Biology

9 |Literature
Current primary literature

10 {Comment
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Module Description

Module name

Biodiversity and Ecosystem Functioning

Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 Y
10-23- 12 CP 360 h 90 h|1 Semester | oY =
semester
0016
Language of Instruction Person responsible for the Module
English Prof. Dr. rer. nat. Nico Bliithgen
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0016-pr |Biodiversity monitoring in a 0 Practical / 11
specific field context Lab /
Internship
10-23-0016-se | Selected topics: case studies on |0 Seminar 1
ecosystem and conservation
issues
10-23-0016-ue |Data analysis and paper writing |0 Exercise 5
10-23-0016-vl |Theories and concepts in 0 Lecture
Biodiversity, Conservation and
Ecosystem Functioning

2 |Study Content

The module will introduce different ecological methods and applications to quantify
biodiversity in an ecosystem protection and/or restoration context, e.g., for evaluating
species community responses to habitat degradation, land use or urbanization and to
predict the impacts of habitat management or extensification. Theories and important
concepts in ecosystem functioning and services include species’ functional traits, effect
and response traits and trait diversity, keystone species, functional redundancy and
complementarity and temporal stability. For conservation biology, aspects at the
landscape scale are particularly relevant, such as species-area relationships,
metapopulation dynamics, minimum viable populations, habitat connectivity and
fragmentation and the context of land sharing/sparing trade-offs. Moreover, aspects of
evaluating biodiversity can be covered, e.g., indicator species, red list status, species’
vulnerability and extinction risk as well as genetic diversity.

The practical will include exemplary taxonomic identification and monitoring of selected
animal taxa (e.g., birds, bees, grasshoppers) in a local restoration or conservation context
as a case study. In this study, students will apply standardized methods of biodiversity
monitoring of animals, biodiversity and community analyses and methods to control for
sampling coverage.

3 |Learning Outcomes
After completing the module, students can:
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Lecture

*Understand the importance, scientific value and limitations of biodiversity monitoring
* Transfer the knowledge to different ecosystems and restoration/conservation problems
and applications

Practical courses

*Learn monitoring techniques for selected animal taxa (e.g. birds, bees, grasshoppers)

* Apply concepts and methods to quantify alpha and beta diversity, trait dimensions and
species composition

*Identify relevant species within a selected animal taxon commonly used as indicators

* Analyze and present data and write a report (evaluation or scientific article)

Seminar

*Present and critically discuss case studies in an ecosystem functioning, restoration or
conservation context and potential consequences for management and protection

4 |Requirements for Participation

5 |Form of Examination
Course Examination:

e [10-23-0016-se] (Technical Examination, oral Examination, Duration 15 min,
Standard)

e [10-23-0016-pr] (Study Examination, Essay, Standard)

If a seminar paper is successfully presented, the bonus regulation according to § 25 (2) of
the APB of a whole grade applies.

6 |Requirements on the Award of Credit Points

Passing the exams.

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
Carrying out vegetation surveys, recording biotope factors, applying animal ecology
recording and evaluation techniques in the field, analysing, documenting and interpreting
data obtained.

7 |Grading
Course Examination:

e [10-23-0016-se] (Technical Examination, oral Examination, Weight: 50%,
Standard)

e [10-23-0016-pr] (Study Examination, Essay, Weight: 50%, Standard)

8 |Usability of the Module

M.Sc. Ecology and Biodiversity
M.Sc. Molecular and Cell Biology
M.Sc. Synthetic Biology
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9 |Literature

Essentials of Conservation Biology by Richard B. Primack, Sinaur Press
Biodiversity, ecosystem functioning, and human wellbeing: an ecological and economic
perspective by Shahid Naeem et al. (Eds.), OUP Oxford

10 {Comment
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Module Description

Module name

Forest ecology

Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 Y
10-23- 12 CP 360 h 90 h|1 Semester | oY =
semester
0017
Language of Instruction Person responsible for the Module
English Prof. Dr. rer. nat. Nico Bliithgen
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0017-pr |Field work and data collection |0 Practical / 11
in the forest around Darmstadt Lab /
Internship
10-23-0017-se |Selected topics: ecology of 0 Seminar 1
forest animal taxa
10-23-0017-ue | Data analysis and paper writing |0 Exercise 5
10-23-0017-vl |Forest ecosystems in a changing |0 Lecture 1
climate: From local to global
perspectives

2 |Study Content

Forest ecosystems currently cover 38% of the Earth’s land surface, host the majority of
the terrestrial biodiversity, and play a key role in biogeochemical cycles and ecosystem
services. Natural forest ecosystems originally covered much larger land areas, are still
rapidly reduced and often replaced by agriculture or timber plantations (monocultures).
In addition, climate change already has a very visible impact on forests, particularly in
Central Europe.

The aim of this module is to unravel ongoing effects of climate change and forest
management on the biodiversity and functioning of forest ecosystems. Students measure
and explore different aspects of the biodiversity of animal taxa (mainly arthropods) in a
total of 70 permanent forest plots in the vicinity of Darmstadt. They learn different
sampling techniques, identification of selected taxa, climate response experiments, data
preparation and analysis. Students will analyse their individual data in the context of a
huge variability in forest structure and soil quality, tree species composition, tree
damage, dieback and deadwood, temperature and humidity. They will place their results
in a broader context of climate and biodiversity changes in temperate forests. The
theoretical background also includes global patterns of forest cover and forest policies,
forest restoration and conservation, and comparisons between temperate and tropical
forests.

3 |Learning Outcomes
After completing the module, students can:
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Lecture

*Understand the relationship between climate, biodiversity and functioning in forest
ecosystems and its current dynamics based on a local forest and selected species and then
* Transfer the knowledge to different forest systems and taxa, ongoing change and global
scenarios

Practical courses

*Learn different sampling techniques in forests

*Identify selected arthropod taxa

*Measure microclimate responses of communities and thermal responses of single
individuals / species

* Analyze and present data and write scientific articles

Seminar

*Present and discuss exemplary research in this context

4 |Requirements for Participation

5 |Form of Examination
Course Examination:

e [10-23-0017-pr] (Study Examination, Essay, Standard)

e [10-23-0017-se] (Technical Examination, oral Examination, Duration 15 min,
Standard)

6 |Requirements on the Award of Credit Points

Passing the exams.

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
Carrying out vegetation surveys, recording biotope factors, applying animal ecology
recording and evaluation techniques in the field, analysing, documenting and interpreting
data obtained.

7 |Grading
Course Examination:

e [10-23-0017-pr] (Study Examination, Essay, Weight: 50%, Standard)

e [10-23-0017-se] (Technical Examination, oral Examination, Weight: 50%,
Standard)

8 |Usability of the Module

M.Sc. Ecology and Biodiversity
M.Sc. Molecular and Cell Biology
M.Sc. Synthetic Biology

9 |Literature
Relevant literature will be accounced
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10 |Comment
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Module Description

Module name

Entomology

Module Frequenc
no. Credit Points | Workload Self-study Duration E 9 0 y
10-23- 6 CP 180 h 45h|1 Semester |- oY &
semester
0018
Language of Instruction Person responsible for the Module
English Prof. Dr. rer. nat. Michael Heethoff
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0018-pr |Entomology - Lab cousre 0 Practical / 8
Lab /
Internship
10-23-0018-vl ‘ Entomology - Lecture ‘ 0 ‘ Lecture ‘ 1

2 |Study Content

This module provides in-depth knowledge of selected topics in entomology. The focus lies
on learning the phylogeny, diversity and ecology on different taxonomic levels of selected
insect groups and other terrestrial arthropods.

Topics in detail:
*Phylogeny, diversity and ecology of native insect orders

*Selected orders on family, genus or species levels
*Diversity of leaf-litter arthropods

3 |Learning Outcomes
After completing the module, students can:

Lecture
*Connect knowledge on insect phylogeny, diversity and ecology
*Evaluate and compare phylogenetic trees

Practical courses

*Use identification keys

*Identify and name selected native insects and other leaf-litter arthropods
*Reconstruct phylogenetic trees from morphological and/or molecular data

4 |Requirements for Participation

5 |Form of Examination
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Final Module Examination:

e  Module Examination (Technical Examination, Written Exam, Duration 60 min,
Standard)

6 |Requirements on the Award of Credit Points

Passing the exam.

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
Carrying out vegetation surveys, recording biotope factors, applying animal ecology
recording and evaluation techniques in the field, analysing, documenting and interpreting
data obtained.

7 |Grading
Final Module Examination:

e Module Examination (Technical Examination, Written Exam, Weight: 100%,
Standard)

8 |Usability of the Module

M.Sc. Ecology and Biodiversity
M.Sc. Molecular and Cell Biology
M.Sc. Synthetic Biology

9 |Literature

Identification of the native insect fauna:

Brohmer — Fauna von Deutschland: Ein Bestimmungsbuch

Stresemann — Exkursionsfauna von Deutschland (Band 2: Wirbellose: Insekten)
General entomology:

Dettner / Peters — Lehrbuch der Entomologie

Gillot — Entomology

Phylogenetic reconstruction:

Nei Kumar — Molecular Evolution and Phylogenetics

10 |Comment
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Module Description

Module name

Philosophy of Biology and Bioethics for Biologists

Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 y
10-23- 6 CP 180 h 135h|1 Semester | o =
semester
0019
Language of Instruction Person responsible for the Module
English Prof. Dr. rer. nat. Andreas Jiirgens
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0019-se |Philosophy of Biology and 0 Seminar 1
Bioethics for Biologists -
Seminar
10-23-0019-vl |Philosophy of Biology and 0 Lecture 2
Bioethics for Biologists - Lecture

2 |Study Content

This module explores the fundamental philosophical questions underlying biological
research and its applications. Students will gain critical thinking skills regarding core
concepts in biology, such as evolution, natural selection, and the nature of life itself. The
module will then delve into bioethics, examining the ethical implications of cutting-edge
biological advancements. Course content:

A) Philosophy of Biology:

*Epistemology of Biology: How do we acquire biological knowledge? What are the
limitations of scientific methods in biology?

*Metaphysics of Biology: What is life? What are the defining characteristics of living
organisms?

*Philosophy of Evolution: Theories of evolution, natural selection, and their philosophical
implications.

*Scientific Explanation in Biology: Reductionism vs. holism in explaining biological
phenomena.

*Models and Theories in Biology: The role of models and theories in advancing biological
understanding.

B) Bioethics:

*Ethical Principles in Biology: Applying ethical principles (e.g., autonomy, justice,
beneficence) to biological research and applications.

*Biotechnology and its Ethical Dilemmas: Genetically modified organisms, human
enhancement technologies, and their ethical considerations.

* Animal Ethics in Research: Ethical considerations of using animals in biological
research.

*Environmental Ethics and Conservation Biology: The intrinsic value of nature and the
ethical implications of human impact on the environment.

*Emerging Bioethical Issues: Exploring the ethical implications of new biological
discoveries and technologies (e.g., CRISPR).

C) Intersections of Philosophy and Biology:
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*Philosophy of Mind and Consciousness: Can philosophical theories on consciousness
explain the emergence of consciousness in biological systems?

*Free Will and Determinism: Do biological systems have free will, or are all actions
predetermined?

*Philosophy of Science and Biology: Applying philosophical critiques of scientific
methodology to the field of biology.

Exercises

Ethical Reasoning (Case Studies, Group Discussions):

Students will apply ethical frameworks to a bioethical case study (e.g., gene editing,
assisted reproductive technologies). Formulate a well-reasoned argument supporting a
particular ethical position.

Philosophy-Biology Integration (Problem-solving Exercises):

Students will design a hypothetical research project in their field (molecular/cellular
biology) and identify potential philosophical implications (e.g., reductionism when
studying complex systems, ethical considerations with genetic engineering).

Bioethical Applications (Scenario-based Role-playing):

Students will participate in a scenario-based role-playing exercise simulating a bioethical
debate. Defend a specific viewpoint related to a bioethical dilemma in their field (e.g.,
designer babies, CRISPR technology).

3 |Learning Outcomes

By the end of this module, students will be able to:

Knowledge and Understanding:

*Demonstrate a critical understanding of fundamental philosophical questions in biology
(e.g., nature of life, evolution, scientific explanation).

*Explain the key concepts in bioethics and their application to contemporary biological
advancements.

*Identify and discuss the ethical principles (autonomy, justice, beneficence) relevant to
biological research and applications.

* Analyse the philosophical implications of new biological discoveries and technologies
(e.g., CRISPR).

Critical Thinking and Analysis:

*Critically evaluate scientific claims and arguments in biology.

*Identify and analyse the strengths and weaknesses of different philosophical approaches
to biological phenomena (e.g., reductionism vs. holism).

* Apply ethical principles to complex case studies in bioethics.

*Formulate and defend well-reasoned arguments on philosophical and bioethical issues.
Communication:

*Effectively communicate complex philosophical and bioethical ideas in oral formats.
*Participate in respectful and informed discussions on controversial topics in biology and
bioethics.

Additionally students will:

*develop their research skills through critical analysis of scientific literature and case
studies.

*gain experience in collaborative work through group projects on bioethical issues.
*should be able to develop and defend their own position on bioethical issues.
Furthermore, they should understand the importance of bioethics and ethics in general
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for the civic, political, and cultural role of academics.

4 |Requirements for Participation

5 |Form of Examination
Final Module Examination:

e Module Examination (Technical Examination, Essay, Standard)

6 |Requirements on the Award of Credit Points

7 |Grading
Final Module Examination:

¢ Module Examination (Technical Examination, Essay, Weight: 100%, Standard)

8 |Usability of the Module

M.Sc. Ecology and Biodiversity
M.Sc. Molecular and Cell Biology
M.Sc. Synthetic Biology

9 |Literature

Journal Articles and book chapters on specific topics in philosophy of biology and
bioethics (selected by instructor)

10 |Comment
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Module Description

Module name

Naturschutz und die Biome der Erde

Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 y
10-23- 6 CP 180 h 90 h|1 Semester S;’;reitér
0020
Language of Instruction Person responsible for the Module
German Prof. Dr. rer. nat. Andreas Jiirgens
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0020-ex INaturschutz-Exkursion ‘0 ‘Excursion |2
10-23-0020-v1 INaturschutz-Vorlesung ‘O ‘Lecture |2
10-23-0220-v1 ‘Biome der Erde-Vorlesung ‘ 0 ‘Lecture ‘ 2

2 |Study Content

Die Lehrveranstaltungen zum Naturschutz vermitteln Kenntnisse iiber die Grundlagen des
Naturschutzes. Zunéchst werden historische, ethische und 6konomische Aspekte
behandelt. Die Naturschutzbiologie wird vertieft dargestellt. AnschlieRend werden die
vielfaltigen Methoden des Naturschutzes und der Renaturierungsokologie mit ihren
jeweiligen Vor- und Nachteilen eingehend diskutiert. Abschlie@end werden rechtliche
Grundlagen und die Organisation des Naturschutzes mit dem Schwerpunkt Deutschland
untersucht. Exkursionen bieten den Studierenden konkretes Anschauungsmaterial zu
Naturschutzfragen in exemplarischen Landschaften und Institutionen.

Die Vorlesung Biome der Erde (3) befasst sich eingehend mit der Einteilung der
Okosphire in Biome. Dazu werden die Grundlagen des globalen Klimasystems und die
daraus resultierenden Klimazonen diskutiert. Die aus der Vielfalt der
Pflanzenfunktionstypen resultierenden Vegetationsformationen werden erlautert. Auf
dieser Basis werden die Biome der Erde abgeleitet und detailliert diskutiert. Die
komplexen 6kologischen Wechselwirkungen zwischen Klima, Boden, Vegetation, Fauna
und menschlichen Einfliissen werden jeweils erldutert. Daraus werden globale
Umweltprobleme und Lésungsansétze fiir eine nachhaltige Nutzung von Okosystemen
abgeleitet.

Themen im Einzelnen:

A) Naturschutz

- Historische und ethische Grundlagen des Naturschutzes

- Umweltokonomie

- Naturschutzbiologie (z.B. Grunddaten, Populationsokologie und -genetik, Biodiversitét
und die Faktoren ihrer Gefahrdung)

- Methoden des Naturschutzes (z.B. Arten- vs. Lebensraumschutz, Schutz vs. Nutzung,
Managementkonzepte vs. ,,Rewilding®, Landschaftsplanung, Renaturierungsékologie)
- Nationales und européisches Naturschutzrecht und -organisation

- Naturschutzpraxis (z.B. Exkursionen zu Behorden, modellartigen Lebensrdumen und
Landschaften)
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B) Die Biome der Erde

- Die Okosphére und ihr Aufbau

- Die Biome der Erde (vom tropischen Regenwald bis zur Tundra)
- Globale Umweltprobleme

3 |Learning Outcomes
Nach Abschluss des Moduls konnen Studierende:

*Maldnahmen der Naturschutzbiologie und Renaturierungsokologie planen,
*Konzepte und Methoden des Naturschutzes kritisch bewerten,

*die Biome der Erde wissenschaftlich erkldren und nachhaltige Nutzungsmethoden aus
den Okologischen Gegebenheiten ableiten,

eihr Wissen auf neue, bisher unbekannte Problemstellungen und Lebensraume
transferieren,

*in interdisziplindren Teams mit Fachleuten aus anderen Disziplinen an der Losung
okologischer Probleme zusammenarbeiten,

*sich konstruktiv am gesellschaftlichen Diskurs iiber die nachhaltige Nutzung und
Erhaltung von Okosystemen und Biodiversitit beteiligen,

eihr Wissen nutzen um, z. B. als freiberufliche Sachverstdndige oder in Behorden,
wissenschaftlich fundiert in der Biodiversitdtsbewertung, im Naturschutz und in der
Renaturierungsokologie zu arbeiten

4 |Requirements for Participation

5 |Form of Examination
Final Module Examination:

e  Module Examination (Technical Examination, Written Exam, Duration 90 min,
Standard)

6 |Requirements on the Award of Credit Points

Anwesenheit min. 75 % der Exkursion.

Die Anwesenheitspflicht ist fiir den Erwerb der folgenden Kompetenzen erforderlich:
Durchfiihrung von Vegetationsaufnahmen, Erfassung von Biotopfaktoren, Anwendung
tierokologischen Erfassungs- und Auswertungstechniken im Freiland, Auswertung,
Dokumentation und Interpretation gewonnener Daten.

7 |Grading
Final Module Examination:

e Module Examination (Technical Examination, Written Exam, Weight: 100%,
Standard)

8 |Usability of the Module

M.Sc. Ecology and Biodiversity
M.Sc. Molecular and Cell Biology
M.Sc. Synthetic Biology
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9 |Literature

Baur, B.: Naturschutzbiologie

Breckle, S.-W. M. D. Rafigpoor: Vegetation und Klima

Holderegger, R. G. Segelbacher: Naturschutzgenetik

Kollmann, J., A. Kirmer, S. Tischew, N. Holzel K. Kiehl: Renaturierungsokologie
Konold, W., R. Bocker, U. Hampicke: Handbuch Naturschutz und Landschaftspflege
Pfadenhauer, J.S. F. Klotzli: Vegetation der Erde

Piechocki, R.: Landschaft — Heimat — Wildnis

Schultz, J.: Handbuch der Okozonen

Wittig, R. M. Niekisch: Biodiversitdt: Grundlagen, Gefahrdung, Schutz

Zerbe, S. G. Wiegleb: Renaturierung von Okosystemen in Mitteleuropa.

Weitere Literatur wird im Kurs bekannt gegeben.

10 |Comment
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Modulbeschreibung

Modulname

Vegetationsokologie | - Biodiversitat und Renaturierung

Modul Nr. | Leistungspun Arbeitsaufwand | Selbststudium | Moduldauer Angebotsturnus
10-23- ke 360 h 90 h|1 Semester Jedes 3.
0021 12 CP Semester
Sprache Modulverantwortliche Person
Deutsch Prof. Dr. rer. nat. Andreas Jiirgens
1 |Kurse des Moduls
Kurs Nr. Kursname Arbeitsaufwand |Lehrform SWS
(CP)
10-23-0021-ex |Feldstudie einer 0 Exkursion 5
mitteleuropédischen Landschaft I
10-23-0021-pr |Methoden der 0 Praktikum 7
Vegetationsokologie I
10-23-0021-se ‘Aktuelle Forschungsthemen I ‘O ‘Seminar ‘1
10-23-0021-v1 ILebensréiume Mitteleuropas I ‘ 0 ‘Vorlesung |2
10-23-0121-pr |Biodiversitit und Okologie 0 Praktikum 3

einer ausgewahlten
taxonomischen Gruppe I

2 |Lerninhalt

Dieses Modul vermittelt vertiefte Kenntnisse der Vegetationsokologie. Ein breites
Spektrum ausgewéhlter mitteleuropéaischer Lebensrdume (z. B. limnische, kiistennahe,
semi-terrestrische und urbane Okosysteme) wird vorgestellt. Die 6kologischen
Hierarchieebenen von der Autokologie wichtiger Arten bis zur Landschaftsokologie
werden in ihrer gegenseitigen Abhéngigkeit einbezogen. Fiir die verschiedenen
Lebensraumtypen wird gezeigt, wie sich Pflanzengemeinschaften in Abhéngigkeit von
abiotischen Bedingungen und anthropozoogenen Einfliissen in Struktur und
Artenzusammensetzung unterscheiden. Syntaxonomie und Okosystemdynamik werden
diskutiert. Besonderer Wert wird auf angewandte Aspekte gelegt, vor allem auf
nachhaltige Nutzung, Naturschutz und Renaturierungsokologie. Der Bezug zu aktuellen
Forschungsthemen wird aufgezeigt. Die Exkursion (z. B. auf eine Insel im Wattenmeer)
zeigt beispielhaft, wie eine Landschaft mit ihren charakteristischen Lebensraumtypen (z.
B. Sanddiinen, Salzrasen, urbane Lebensrdume) vegetationsokologisch untersucht und
verstanden werden kann. Es werden fortgeschrittene Methoden der Feldbeprobung und
der statistischen Analyse von Vegetations- und Umweltdaten vermittelt. Biodiversitit und
Identifikation einer ausgewdhlten taxonomischen Gruppe (z. B. Moose) sowie deren
biologische und 6kologische Charakterisierung und Bedeutung werden erarbeitet.

Themen im Einzelnen:

A) Charakterisierung der mitteleuropéischen Okoregion
- Geographie, Geologie und Klima

- Aktuelle und potenzielle natiirliche Vegetation

B) Okologie ausgewiihlter Lebensriume Mitteleuropas

- Abiotische Umweltfaktoren

- Autokologie der charakteristischen Arten

- Struktur der Vegetation

- Syntaxonomie
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- Dynamik der Okosysteme

- Biozonologie

- Landschaftsokologie

- Menschliche Einfliisse, nachhaltige Nutzung und Naturschutz

C) Biodiversitit und Okologie einer ausgewihlten taxonomischen Gruppe (z. B. Moose)
- Biologie, Taxonomie und Identifizierung

- Autokologie, 6kologische Bedeutung und Bioindikation

- Gefahrdung und Schutz

D) Methoden der Vegetationsokologie

- Identifizierung von Lebensraumtypen

- Pflanzensoziologische Vegetationsbeschreibung und -analyse

- Fortgeschrittene Methoden (z.B. Mikroklima- oder Bodenanalysen, experimentelle
Feldokologie, Dauerbeobachtungsflachen, geographische Informationssysteme,
Vegetationskartierung)

3 |Qualifikationsziele / Lernergebnisse
Nach Abschluss des Moduls konnen Studierende:

*die Charakteristika mitteleuropdischer Lebensraumtypen erkldaren, Gemeinsamkeiten
und Unterschiede erkennen und Schlussfolgerungen fiir angewandte Aspekte wie
nachhaltige Nutzung, Gefahrdung und Schutz ziehen,

*charakteristische Pflanzenarten und Lebensraumtypen im Geldnde erkennen,
*Organismen einer schwierigen taxonomischen Gruppe bis auf Artniveau bestimmen,
*Wissen auf neue, bisher unbekannte Probleme und Lebensrdume {ibertragen,
*wissenschaftliche Erkenntnisse durch kritisches Denken bewerten und 6kologische
Konzepte anwenden und zusammenfassen,

e aktuelle Methoden der Vegetationsokologie erfolgreich anwenden,

*die gesammelten Daten analysieren, interpretieren und prisentieren,

*einen wissenschaftlichen Forschungsbericht auf dem Gebiet der Vegetationsokologie
verfassen,

*Originalliteratur zu aktuellen Forschungsthemen im Bereich der Vegetationsokologie
zusammenfassen und einem Publikum présentieren,

*mit Fachleuten aus anderen Disziplinen zusammenarbeiten, um Umweltprobleme zu
16sen,

eihre Kenntnisse z. B. als freiberufliche Gutachter oder in Behorden einsetzen, um
wissenschaftlich fundiert in der Biodiversitdtserfassung, im Naturschutz und in der
Renaturierungsokologie zu arbeiten.

4 |Voraussetzung fiir die Teilnahme

5 |Priifungsform
Bausteinbegleitende Priifung:

e [10-23-0021-vl] (Studienleistung, Klausur, Dauer 90 Min, Standard)

e [10-23-0021-se] (Studienleistung, Prasentation, Standard)
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6 |Voraussetzung fiir die Vergabe von Leistungspunkten

Bestandene Priifungen.

Anwesenheit min. 75 % der Praktika und der Exkursion.

Die Anwesenheitspflicht ist fiir den Erwerb der folgenden Kompetenzen erforderlich:
Durchfiihrung von Vegetationsaufnahmen, Erfassung von Biotopfaktoren, Anwendung
tierokologischen Erfassungs- und Auswertungstechniken im Freiland, Auswertung,
Dokumentation und Interpretation gewonnener Daten.

7 |Benotung
Bausteinbegleitende Priifung:

e [10-23-0021-vl] (Studienleistung, Klausur, Gewichtung: 70%, Standard)

e [10-23-0021-se] (Studienleistung, Prasentation, Gewichtung: 30%, Standard)

8 |Verwendbarkeit des Moduls

M.Sc. Ecology and Biodiversity

M.Sc. Molecular and Cellular Biology
M.Sc. Synthetic Biology

9 |Literatur

Ellenberg, H. C. Leuschner: Vegetation Mitteleuropas mit den Alpen

Frahm, J.-P. W. Frey: Moosflora

Frey, W. R. Losch: Lehrbuch der Geobotanik

Kent, M.: Vegetation description and data analysis

Poschlod, P.: Geschichte der Kulturlandschaft

Pott, R.: Die Pflanzengesellschaften Deutschlands

Schubert, R., W. Hilbig S. Klotz: Bestimmungsbuch der Pflanzengesellschaften
Deutschlands

Wilmanns, O.: Okologische Pflanzensoziologie

Weitere Literatur wird im Kurs bekannt gegeben.

10 [Kommentar
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Modulbeschreibung

Modulname

Vegetationsokologie Il - Okosystemdynamik und Biodiversititsanalysen

Modul Nr. | Leistungspun Arbeitsaufwand | Selbststudium | Moduldauer Angebotsturnus
10-23- kte 360 h 90 h|1 Semester Jedes 3.
0022 12 CP Semester
Sprache Modulverantwortliche Person
Deutsch Prof. Dr. rer. nat. Andreas Jiirgens
1 |Kurse des Moduls
Kurs Nr. Kursname Arbeitsaufwand |Lehrform SWS
(CP)
10-23-0022-ex |Feldstudie einer 0 Exkursion 5
mitteleuropéischen Landschaft
I
10-23-0022-pr |Methoden der 0 Praktikum 7
Vegetationsokologie II
10-23-0022-se ‘Aktuelle Forschungsthemen II ‘O ‘ Seminar ‘ 1
10-23-0022-v1 ILebensréiume Mitteleuropas II ‘0 ‘Vorlesung |2
10-23-0122-pr |Biodiversitit und Okologie 0 Praktikum
einer ausgewahlten
taxonomischen Gruppe II

2 |Lerninhalt

Dieses Modul vermittelt vertiefte Kenntnisse der Vegetationsokologie. Ein breites
Spektrum ausgewéhlter mitteleuropdischer und alpiner Lebensraume (z. B. terrestrische
Okosysteme) wird vorgestellt. Die 6kologischen Hierarchieebenen von der Autékologie
wichtiger Arten bis zur Landschaftsokologie werden in ihrer gegenseitigen Abhéngigkeit
einbezogen. Fiir die verschiedenen Lebensraumtypen wird gezeigt, wie sich
Pflanzengemeinschaften in Abhingigkeit von abiotischen Bedingungen und
anthropozoogenen Einfliissen in Struktur und Artenzusammensetzung unterscheiden.
Syntaxonomie und Okosystemdynamik werden diskutiert. Besonderer Wert wird auf
angewandte Aspekte gelegt, vor allem auf nachhaltige Nutzung, Naturschutz und
Renaturierungsokologie. Der Bezug zu aktuellen Forschungsthemen wird aufgezeigt. Die
Exkursion (z. B. in die Alpen) zeigt beispielhaft, wie eine Landschaft mit ihren
charakteristischen Lebensraumtypen (z. B. subalpine Wilder, alpines Grasland,
Schneeboden- und Felsvegetation) vegetationsokologisch untersucht und verstanden
werden kann. Es werden fortgeschrittene Methoden der Feldbeprobung und der
statistischen Analyse von Vegetations- und Umweltdaten vermittelt. Biodiversitat und
Identifikation einer ausgewahlten taxonomischen Gruppe (z.B. Flechten) sowie deren
biologische und 6kologische Charakterisierung und Bedeutung werden erarbeitet.

Themen im Einzelnen:

A) Charakterisierung der mitteleuropéischen Okoregion

- Geographie, Geologie und Klima

- Aktuelle und potenzielle natiirliche Vegetation

B) Okologie verschiedener ausgewihlter Lebensriume in Mitteleuropa
- Abiotische Umweltfaktoren

- Autokologie der charakteristischen Arten

- Struktur der Vegetation
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- Syntaxonomie

- Dynamik der Okosysteme

- Biozonologie

- Okologie der Landschaft

- Menschliche Einfliisse, nachhaltige Nutzung und Naturschutz

C) Biodiversitit und Okologie einer ausgewihlten taxonomischen Gruppe (z. B. Flechten)
- Biologie, Taxonomie und Identifizierung

- Autokologie, 6kologische Bedeutung und Bioindikation

- Gefahrdung und Schutz

D) Methoden der Vegetationsokologie

- Identifizierung von Lebensraumtypen

- Pflanzesoziologische Vegetationsbeschreibung und -analyse

- Fortgeschrittene Methoden (z.B. Mikroklima- oder Bodenanalysen, experimentelle
Feldokologie, Dauerbeobachtungsflachen, geographische Informationssysteme,
Vegetationskartierung)

3 |Qualifikationsziele / Lernergebnisse
Nach Abschluss des Moduls konnen Studierende:

*die Charakteristika mitteleuropdischer Lebensraumtypen erkldaren, Gemeinsamkeiten
und Unterschiede erkennen und Schlussfolgerungen fiir angewandte Aspekte wie
nachhaltige Nutzung, Gefahrdung und Schutz ziehen,

e charakteristische Pflanzenarten und Lebensraumtypen im Geldnde erkennen,
*Organismen einer schwierigen taxonomischen Gruppe bis auf Artniveau bestimmen,
*Wissen auf neue, bisher unbekannte Probleme und Lebensrdume {ibertragen,
ewissenschaftliche Erkenntnisse durch kritisches Denken bewerten und 6kologische
Konzepte anwenden und zusammenfassen,

e aktuelle Methoden der Vegetationsokologie erfolgreich anwenden,

*die gesammelten Daten analysieren, interpretieren und prasentieren,

*einen wissenschaftlichen Forschungsbericht auf dem Gebiet der Vegetationsokologie
verfassen,

*Originalliteratur zu aktuellen Forschungsthemen im Bereich der Vegetationsokologie
zusammenfassen und einem Publikum présentieren,

*mit Fachleuten aus anderen Disziplinen zusammenarbeiten, um Umweltprobleme zu
16sen,

eihre Kenntnisse z. B. als freiberufliche Gutachter:innen oder in Beh6rden einsetzen, um
wissenschaftlich fundiert in der Biodiversitdtserfassung, im Naturschutz und in der
Renaturierungsokologie arbeiten.

4 |Voraussetzung fiir die Teilnahme

5 |Priifungsform
Bausteinbegleitende Priifung:

. [10-23-0022-v]] (Studienleistung, Klausur, Dauer 90 Min, Standard)

e [10-23-0022-se] (Studienleistung, Prasentation, Standard)
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6 |Voraussetzung fiir die Vergabe von Leistungspunkten

Bestandene Priifungen.

Anwesenheit min. 75 % der Praktika und der Exkursion.

Die Anwesenheitspflicht ist fiir den Erwerb der folgenden Kompetenzen erforderlich:
Durchfiihrung von Vegetationsaufnahmen, Erfassung von Biotopfaktoren, Anwendung
tierokologischen Erfassungs- und Auswertungstechniken im Freiland, Auswertung,
Dokumentation und Interpretation gewonnener Daten.

7 |Benotung
Bausteinbegleitende Priifung:

e [10-23-0022-vl] (Studienleistung, Klausur, Gewichtung: 70%, Standard)

e [10-23-0022-se] (Studienleistung, Prasentation, Gewichtung: 30%, Standard)

8 |Verwendbarkeit des Moduls

M.Sc. Ecology and Biodiversity

M.Sc. Molecular and Cellular Biology
M.Sc. Synthetic Biology

9 |Literatur

Ellenberg, H. C. Leuschner: Vegetation Mitteleuropas mit den Alpen

Frey, W. R. Losch: Lehrbuch der Geobotanik

Kent, M.: Vegetation description and data analysis

Poschlod, P.: Geschichte der Kulturlandschaft

Pott, R.: Die Pflanzengesellschaften Deutschlands

Schubert, R., W. Hilbig S. Klotz: Bestimmungsbuch der Pflanzengesellschaften
Deutschlands

Wilmanns, O.: Okologische Pflanzensoziologie

Wirth, V.: Flechtenflora

Weitere Literatur wird im Kurs bekannt gegeben.

10 [Kommentar
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Module Description

Module name

Biomechanics, functional morphology and biomimetics

Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 Y
10-23- 6 CP 180 h 45h|1 Semester | Y
0023
Language of Instruction Person responsible for the Module
English PD Dr. rer. nat. Simon Poppinga
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0023-pr |Biomechanics, functional 0 Practical / 7
morphology and biomimetics - Lab /
Lab course Internship
10-23-0023-vl |Biomechanics, functional 0 Lecture 2
morphology and biomimetics -
Lecture

2 |Study Content

This module provides in-depth knowledge of biomechanics, functional morphology, and
biomimetics. In the fundamental science-oriented part A of the module, students have
access to the living plant collections of the Botanical Garden and learn theoretically and
practically how to analyze biomechanical properties and the morphology of selected plant
structures, to draw conclusions regarding the respective form-structure-function
relationships and to research original literature on current research topics in the fields of
biomechanics, functional morphology and biomimetics. In the application-oriented part B
of the module, students learn how to abstract biological working principles and how to
transfer them into new biomimetic materials and structures.

Topics in detail:

A) Plant biomechanics and functional morphology (lectures and practicals)

*Various mechanical and structural properties and parameters of plant organs
*Plant movement by turgor changes, growth, hygroscopy, cohesion force, and elastic
instabilities

* Attachment and anti-attachment mechanisms of plants and animals

*Water conduction in the plant stem

*Prey capture of carnivorous plants

*Water-repellent, self-cleaning, and air-retaining plant surfaces

*Biomechanics of seed and spore dispersal

B) Biomimetics/Bionics (lectures and practicals)
* Abstraction of selected working principles
*Transfer of selected working principles into technical materials and structures

3 |Learning Outcomes
Practical courses
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*independently formulate hypotheses on issues of plant and animal biomechanics,
functional morphology and biomimetics, discuss and defend hypotheses in a team.
*collect standardised data (e.g. attachment strength of plant structures to various
surfaces; kinematics of motile plant structures) based on experimental designs developed
in teamwork and document them in a way that is comprehensible to others.

eanalyse and interpret experimentally collected data, evaluate results in the context of
current literature, develop recommendations for further hypotheses in the team and
make suggestions for implementation.

* effectively communicate complex topics in biomechanics, functional morphology and
biomimetics in written format.

e abstract biological working principles and transfer them into technical materials and
structures

esummarise original literature on current research topics in the fields biomechanics,
functional morphology and biomimetics and critically question and evaluate the methods
and results, and present this to an audience.

4 |Requirements for Participation

5 |Form of Examination
Final Module Examination:

e  Module Examination (Technical Examination, Written Exam, Duration 60 min,
Standard)

If a seminar paper is successfully presented, the bonus regulation according to § 25 (2) of
the APB of a whole grade applies.

6 |Requirements on the Award of Credit Points

Passing the exams.

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
Carrying out various biomechanical experiments and biomimetic abstraction and transfer
methods; evaluation, documentation and interpretation of data obtained.

7 |Grading
Final Module Examination:

e Module Examination (Technical Examination, Written Exam, Weight: 100%,
Standard)

8 |Usability of the Module

M.Sc. Molecular and Cellular Biology
M.Sc. Ecology and Biodiversity

M.Sc. Synthetic Biology

9 |Literature
Current primary literature

10 [{Comment
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Module Description
Module name

Biological Plant Protection

Module Frequenc
no. Credit Points | Workload Self-study Duration E 9 0 y
10-23- 12 CP 360 h 90 h|1 Semester | Y =
0025
Language of Instruction Person responsible for the Module
English Dr. Johannes Jehle
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-23-0025-pr |Biological Plant Protection - 0 Practical / 13
Practical course Lab /
Internship
10-23-0025-se |Biological Plant Protection - 0 Seminar 2
Seminar
10-23-0025-vl |Biological Plant Protection - 0 Lecture 3
Lecture

2 |Study Content

This course provides a comprehensive understanding of plant protection strategies with a
focus on biological control methods. It delves into the fundamental relationships between
plant pathogens, their natural antagonists, and how to utilize these antagonists for
sustainable plant health management. Topics in detail:

Lecture
Fundamental aspects of pathogen-host relationships and natural antagonists of pathogens
and their application in biological plant protection:

- Methods of biological plant protection

- Bacteria and fungi as pathogens of plant diseases

- Microbial antagonists of plant pathogens

- Plant extracts in plant protection

- Induced resistance

- Ecological principles of biological plant protection with beneficial organisms

- Diagnostics, histo- and cytopathology of arthropod diseases

- Insect viruses

- Bacteria and fungi as pathogens of insect pests

- Fermentation, formulation and application of microbial plant protection products

Practical course

Students work in small groups on research-related projects in biological plant protection
(e.g., on: natural products, entomology and beneficial organisms, phytopathology,
virology and molecular insect pathology, microbiology and process engineering,
diagnostics and histopathology).

Seminar
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The practical topics are discussed in their scientific context, with reference to current
publications on the subject. The context will be deepened on the basis of current
publications, and students will be asked to present their topics in the context of their own
practical work. Critical analysis of their own work and the scientific literature are
practiced.

3 |Learning Outcomes

After completing the module, students can:

*Use their knowledge on the fundamental principles of plant-pathogen interactions to
identify and characterize natural antagonists of plant pathogens

* Analyse and apply various methods of biological plant protection (e.g. utilizing
beneficial organisms to suppress plant pathogens, exploring the use of naturally occurring
plant compounds with pesticidal properties, examining the importance of maintaining a
healthy ecosystem to promote beneficial organisms).

*Record and identify arthropod communities

* Carry out experiments to investigate organismic interactions

*Write up the scientific process (observation, research, hypothesis, experiment,
evaluation, discussion) in the form of a specialised article.

*Summarise original literature on current research topics in the field of biological plant
protection and critically question and evaluate the methods and results, and present this
to an audience.

4 |Requirements for Participation

5 |Form of Examination
Course Examination:

e [10-23-0025-vl] (Technical Examination, Written Exam, Duration 30 min,
Standard)

e [10-23-0025-pr] (Study Examination, Minutes/ (laboratory) notebook, Standard)

6 |Requirements on the Award of Credit Points

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
Carrying out vegetation surveys, recording biotope factors, applying animal ecology
recording and evaluation techniques in the field, analysing, documenting and interpreting
data obtained.

7 |Grading
Course Examination:

e [10-23-0025-vl] (Technical Examination, Written Exam, Weight: 50%, Standard)

e [10-23-0025-pr] (Study Examination, Minutes/ (laboratory) notebook, Weight:
50%, Standard)

8 |Usability of the Module
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M.Sc. Ecology and Biodiversity
M.Sc. Molecular and Cell Biology
M.Sc. Synthetic Biology

9 |Literature
Current primary literature

10 |Comment
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Open Catalogue
Elective Modules

Political Sciences

This catalogue covers topics such as sustainability and globalisation. Taking modules from this
catalogue can be used for individual profiling and training of interdisciplinary competences.
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Open Catalogue
Elective Modules

Geosciences

This catalogue covers topics such as soil science and geoinformation. Taking modules from this
catalogue can be used for individual profiling and training of interdisciplinary competences.
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Open Catalogue

Elective Modules

Master of Science
Molecular and Cellular Biology

Module descriptions of this catalogue can be found in the module handbook of the
Master of Science Molecular and Cellular Biology programme. This is an open
catalogue.

56



Open Catalogue
Theoretical Biology Spezialisation

Module descriptions of this catalogue can be found in the module handbook of the
Master of Molecular and Cellular Biology programme. This is an open catalogue.
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Open Catalogue
Elective Modules
out of
Master of Science
Synthetic Biology

Module descriptions of this catalogue can be found in the module handbook of the
Master of Science Synthetic Biology programme. This is an open catalogue. Examples of
modules are listed below.
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Module Description

Module name

Current Synthetic Biology

Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 Y
10-42- 5 CP 150 h 90 h|1 Semester | Y =
0003
Language of Instruction Person responsible for the Module
English Prof. Dr. rer. nat. Beatrix Siif3
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-42-0003-se | Current Synthetic Biology - 0 Seminar 2
Seminar
10-42-0003-vl |Current Synthetic Biology - 0 Lecture 2
Lecture

2 |Study Content

Lecture:

The lecture gives an in-depth insight into modern methods and concepts of synthetic
biology with emphasis on interdisciplinary work. Current developments within the field
of synthetic biology will be highlighted and key examples of research are presented in
detail. A special focus is on the synthetic biology research currently ongoing at the TUDa
and connected institutions.

Seminar:

Within the seminar, students will build on the teaching content of the lecture covering all
presented topics to prepare a scientific talk on one aspect in great depth. Seminar topics
will thereby extent the knowledge acquired within the lecture focusing on concrete
examples, potentially including the planning of possible future follow up experiments or
research directions. The results of the work will be within the seminar as oral
presentation.

3 |Learning Outcomes

The students will be able

*to gain a basic understanding of current concepts and methods of synthetic biology
*to read research publications and to critically evaluate published research data
ediscuss a scientific topic in the global context of the field (review of recently
published literature) with supervisors in a comprehensive and competent manner
*present a research topic to fellow students and supervisors

4 |Requirements for Participation

5 |Form of Examination
Final Module Examination:
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e  Module Examination (Technical Examination, Presentation, Standard)

6 |Requirements on the Award of Credit Points
Passing the exam

7 |Grading
Final Module Examination:

e Module Examination (Technical Examination, Presentation, Weight: 100%,
Standard)

8 |Usability of the Module
M.Sc. Synthetic Biology

9 |Literature
Kuldell, Hart, Bernstein, Ingram (2015), BioBuilder: Synthetic Biology in the Lab, O'Reilly

10 |Comment
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Module Description

Module name

Science Communication and Bioethics/Biosecurity

Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 y
10-42- 6 CP 180 h 105 h|1 Semester |~ oY =
0004 semester

Person responsible for the Module

Language of Instruction ] ) )
Prof. Dr. phil. Nina Janich, Prof. Dr. rer. nat.

English Andreas Jiirgens
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
02-25-2901-se |Science Communication ‘0 ‘Seminar |2
10-42-0004-se IBioethics and Biosecurity ‘ 0 ‘ Seminar |3

2 |Study Content

“Biosecurity cannot be achieved unless scientists themselves are recognized as an
essential part of the solution and are engaged in all discussions around the issue.” [Revill
et al. 2012]

Science Communication

The course Science Communication addresses aspects of communicating scientific
knowledge to the broader public or to specific stakeholders and serves both reflection and
orientation. The reflection part deals with aspects such as scientific identity,
comprehensibility and responsibility as well as factors of public trust in science in the
context of mediatization and politicization of science. The application part focuses on
media, formats and text types, and on possible critical interaction situations in dealing
with journalists and mediation strategies.

Bioethics and biosecurity

The course integrates biosecurity and bioethics with the broader topic of research safety
and security measures. Overarching concepts such as risk assessment and management,
along with general safety legislation requirements, are discussed. Attention then moves to
areas of concern, such as the research use of infectious/toxic biological materials,
concepts such as dual use of science.

In the seminar students will learn, using examples, how to critically analyse topics related
to biosafety/biosecurity. As a preparation for this exercise current bioethics and
biosecurity issues will be discussed in groups. Students will gain the skills to seek out and
analyse information related to biosecurity and then discuss public policies, and strategies
for enhancing biosecurity.

3 |Learning Outcomes

After completion of this module students will be able to,

eimpart pragmatic contextual knowledge

*get a reflective competence with regard to external science communication
e use first concrete writing experiences
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*consider how bioethical dilemmas are shaped by life sciences professionals’
eunderstand the cultural values and beliefs about the concepts of biosafety, biosecurity,
and responsible conduct of research. write and verbalise scientific information in an
accurate, interesting, logical and coherent manner

eanalyse potential challenges and dilemmas associated with their work, including
weighing potential risks and benefits, dual use concerns, and the possibility of accidents
or misuse of life sciences research

4 |Requirements for Participation

5 |Form of Examination
Final Module Examination:

e Module Examination (Study Examination, Essay, Passed / Not Passed)

6 |Requirements on the Award of Credit Points
Passing the exam

7 |Grading
Final Module Examination:

e Module Examination (Study Examination, Essay, Weight: 100%, Passed / Not
Passed)

8 |Usability of the Module
M.Sc. Synthetic Biology

9 |Literature

Revill J., M.D.C. Carnevali, A. Forsberg, A. Holmstrom, J. Rath, Z.Khan Shinwari, G.M.
Mancini. Lessons learned from implementing education on dual-use in Austria, Italy,
Pakistan and Sweden. Medicine, Conflict and Survival, 28 (1) Preventing the Hostile Use
of the Life Sciences and Biotechnologies: Fostering a Culture of Biosecurity and Dual Use
Awareness, pp. 31-44. More: To be announced.

10 [{Comment
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Module Description

Module name

DNA and Protein Synthetic Biology

Module Frequenc
no. Credit Points | Workload Self-study Duration 9 Y
10-42- 6 CP 180 h 75 h|1 Semester SE;’;reitzer
0009
Language of Instruction Person responsible for the Module
English Prof. Dr. Viktor Stein
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-42-0009-pr |DNA and Protein Synthetic 0 Practical / 5
Biology - Lab course Lab /
Internship
10-42-0009-se |DNA and Protein Synthetic 0 Seminar 1
Biology - Seminar
10-42-0009-vl |DNA and Protein Synthetic 0 Lecture 1
Biology - Lecture
2 |Study Content
Lecture:
The lecture covers a brought range of topics related to advanced methods of Synthetic
Biology. This includes key methodologies on modular DNA assembly cloning techniques,
targeted genome engineering, DNA synthesis and next generation DNA sequencing. In
addition, main concepts of recombinant protein technology, protein engineering and
protein design will be covered.
Seminar:
Recent scientific publications in the field of DNA- and protein-focused Synthetic Biology
will be used to prepare oral presentations to be shared with all students attending the
course.
Lab course:
Research projects will be developed in groups and pursued over the duration of the
course. The projects are related to topics and advanced methods of Synthetic Biology e.g.
the following:
*Modular DNA Assembly Cloning
*Modular Protein Engineering Strategies
*Recombinant Protein Technology
*Functional Analysis of Protein Function (with Optical Methods)
3 |Learning Outcomes

The students will be able
*to gain a solid understanding of concepts and advanced methods of synthetic biology
*to discuss the project work in the global context of the field (review of recently
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published literature) with supervisors and students

*to present a research topic to fellow students and supervisors

*to collect, interpret, and evaluate data obtained through application of synthetic biology
methods

*to work as a team on a joint scientific project

4 |Requirements for Participation
Passing of module “Basics in Synthetic Biology”

5 |Form of Examination
Final Module Examination:

e  Module Examination (Technical Examination, Presentation, Standard)

6 |Requirements on the Award of Credit Points

Passing the exam.

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
professional handling of scientific equipment, safe application of practical methods in the
laboratory, evaluation, documentation and interpretation of experimentally obtained
data, presentation of results.

7 |Grading
Final Module Examination:

e Module Examination (Technical Examination, Presentation, Weight: 100%,
Standard)

8 |Usability of the Module

M.Sc. Synthetic Biology

M.Sc. Molecular and Cellular Biology
M.Sc. Biomolecular Engineering
M.Sc. Ecology and Biodiversity

9 |Literature

Kuldell, Hart, Bernstein, Ingram (2015), BioBuilder: Synthetic Biology in the Lab, O'Reilly
Primary Literature

10 |Comment
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Module Description

Module name

Advanced Synthetic Biology

Module Frequenc
no. Credit Points | Workload Self-study Duration B 9 9 Y
10-42- 6 CP 180 h 75h|1 Semester | oY
semester
0010
Language of Instruction Person responsible for the Module
English Prof. Dr. rer. nat. Beatrix Siif3
1 |Courses of the Module
Course no. Course name Workload (CP) Form of Contact
Teaching Hours
per
Week
10-42-0010-pr |Advanced Synthetic Biology - 0 Practical / 5
Lab course Lab /
Internship
10-42-0010-se | Advanced Synthetic Biology — |0 Seminar 1
Seminar
10-42-0010-vl |Advanced Synthetic Biology - 0 Lecture 1
Lecture

2 |Study Content

Lecture:

The lecture covers a brought range of topics related to Synthetic RNA Biology. This
includes basics in RNA structure and structure determination, concepts of RNA
regulation, synthetic riboswitches, synthetic cis acting regulatory RNA, aptazymes, RNA-
based logic gates and genetic circuits design, RNA aptamer development and application,
RNA-based biosensors, RNA origami and RNA modification.

Seminar:

Recent scientific publications in the field of RNA Synthetic Biology will be discussed.

Lab course:

Research projects will be developed in groups and pursued over the duration of the
course. The projects are related to topics and advanced methods of Synthetic Biology e.g.
the following:

*Design of conditional gene expression systems

*Design of Boolean logic gates and synthetic genetic circuits

* Synthetic riboswitches and trans acting regulatory RNAs

*Genome manipulation based on programmable nucleases and CRISPR-Cas9 based
approaches

3 |Learning Outcomes

The students will be able

*to gain a solid understanding of concepts and advanced methods of synthetic biology
*to discuss the project work in the global context of the field (review of recently
published literature) with supervisors and students

*to present a research topic to fellow students and supervisors

*to collect, interpret, and evaluate data obtained through application of synthetic biology
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methods
*to work as a team on a joint scientific project

4 |Requirements for Participation
Passing of module “Basics in Synthetic Biology”

5 |Form of Examination
Final Module Examination:

e  Module Examination (Technical Examination, Presentation, Standard)

6 |Requirements on the Award of Credit Points

Passing the exam.

Attendance at least 75 % of the internship.

Compulsory attendance is required for the acquisition of the following competences:
professional handling of scientific equipment, safe application of practical methods in the
laboratory, evaluation, documentation and interpretation of experimentally obtained
data, presentation of results.

7 |Grading
Final Module Examination:

e Module Examination (Technical Examination, Presentation, Weight: 100%,
Standard)

8 |Usability of the Module

M.Sc. Synthetic Biology

M.Sc. Molecular and Cellular Biology
M.Sc. Biomolecular Engineering
M.Sc. Ecology and Biodiversity

9 |Literature
Kuldell, Hart, Bernstein, Ingram (2015), BioBuilder: Synthetic Biology in the Lab, O'Reilly

10 [Comment
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