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SUMMARY

The course Palaeoecology, Palaeoclimatology and Palaeobiogeography offers an integrated view of the
relationships between organisms, environments, climate and the geographical distribution of life
throughout geological time. Using the fossil record, stratigraphy, sedimentology, taphonomy,
palaeoclimatic proxies, palaeogeographic reconstructions and biogeographic models, the course will
analyse the main processes that have shaped the evolution of ecosystems and biodiversity throughout
Earth history.

The Palaeoecology block addresses interactions between organisms and the environment, the structure of
palaeopopulations and communities, fossil assemblages, ichnology, functional morphology and
evolutionary palaeoecology. The Palaeoclimatology block focuses on the fundamental concepts of climate
and palaeoclimate, the causes of climate change, the main palaeoclimatic records and proxies, and the
climatic evolution of the Earth from the Precambrian to the present. The Palaeobiogeography block studies
the spatial and temporal distribution of fossil organisms, processes of dispersal, vicariance, isolation and
endemism, as well as the role of plate tectonics, climate and extinctions in shaping past biotas.

The course combines participatory lectures, critical discussion of scientific readings, case-study analysis,
guided debates and self-assessment activities. It also includes two applied practical sessions focused on
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the use of BioGeoBEARS for biogeographic inference and R-based tools linked to GPlates for
palaeogeographic reconstructions. Overall, the course aims to provide students with a critical, quantitative
and integrative understanding of the fossil record as a tool for interpreting past environmental, climatic,
biogeographic and evolutionary changes, as well as their relevance for understanding the current
environmental crisis.

PREVIOUS KNOWLEDGE

RELATIONSHIP TO OTHER SUBJECTS OF THE SAME DEGREE

 There are no specified enrollment restrictions with other subjects of the curriculum.
 
OTHER REQUIREMENTS
 
There are no enrollment restrictions with other subjects. The subject is mandatory and is taken in the first
semester of the master's program.

COMPETENCES / LEARNING OUTCOMES

2266 - Master's Degree in Applied Palaeontology

Access information tools from other areas of knowledge and use them appropriately.

Access the necessary information in the specific field of the subject (databases, scientific articles, etc.)
and have sufficient judgement to interpret and use it.

Apply critical reasoning and argumentation based on rational criteria.

Apply science from a social and economic point of view, promoting the transfer of knowledge to society.

Apply the knowledge acquired and problem-solving abilities in new or unfamiliar situations within broader
(or multidisciplinary) contexts related to the field of study.

Apply the research experience acquired to initiate the research phase of a PhD programme on biodiversity-
related topics.

Apply the research experience acquired to tasks specific to the profession, both in the private sector and in
public institutions.

Assume an ethical commitment and sensitivity towards environmental problems and natural and cultural
heritage.

Be familiar with, develop and manage georeferenced databases of elements from the geological and
palaeontological record, as well as the software used for the spatial representation and analysis of these
elements.

Communicate and popularise scientific ideas.

Communicate conclusions and the knowledge and rationale supporting them to specialised and non-
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specialised audiences clearly and unambiguously.

Conduct studies, applying the methods and techniques needed to preserve and manage palaeontological
heritage.

Continue the learning process in a manner that is largely self-directed or independent.

Demonstrate in-depth understanding of the historical nature of the evolutionary process, both in its aspects
of unrepeatability and contingency and in those linked to the fulfilment of laws of nature of all kinds and,
therefore, of necessity.

Demonstrate intellectual curiosity and encourage responsibility for one's own learning.

Demonstrate knowledge and understanding of the legal foundations for the protection and conservation of
palaeontological heritage at the level of the EU, Spain and the Spanish Autonomous Communities.

Develop experimental skills in the handling of laboratory material and equipment in palaeontology.

Integrate knowledge and confront the complexity of making judgements based on information that,
although incomplete or limited, includes reflections on the social and ethical responsibilities linked to the
application of knowledge and judgements.

Know, understand and draw conclusions, applicable to the present time, about the crises of biological
diversity, and their causes and consequences within the framework of actualism.

Know and confidently handle the divisions of the geological time scale and the biostratigraphic scales
constructed from different groups of biota in the fossil record.

Know and understand past biological events, as well as the zonations, in time and space, of biota in order
to establish the relative stratigraphic position of sedimentary rocks from different geographical areas.

Know and understand the palaeodiversity of living beings, their ecosystemic relationships and the
palaeogeographical distribution achieved by the main groups of living beings throughout the Earth's history.

Learn about the techniques used in museums for the management of palaeontological heritage, identifying,
during guided work visits, successful examples in the field of palaeontology (Dinópolis, the Catalan Institute
of Palaeontology, the Palaeontological Museum of Elche).

Make quick and effective decisions in complex situations in their professional or research work, by
developing new and innovative work methodologies adapted to the scientific/research, technological or
professional field in which they carry out their activity.

Plan and manage available resources, taking into account the basic principles of quality, risk prevention,
safety and sustainability.

Prepare, write and present reports and projects in public in a clear and coherent manner, defend them with
rigour and tolerance and respond satisfactorily to any criticism that may arise from the presentation.

Produce all types of reports related to palaeontological matters clearly and concisely at an official or
professional level (reports, grants, heritage impact reports, research projects, etc.)

Understand the nature of the stratigraphic record, its discontinuities, cycles and events, the different types
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of sedimentary basins, the factors controlling their infilling, the resulting three-dimensional geometries and
stratigraphic correlations.

Use acquired knowledge as a basis for originality in the development or application of ideas, often in a
research context.

Work efficiently in a professional or research team, acquiring the ability to participate in research projects
and scientific or technological collaborations.

DESCRIPTION OF CONTENTS

1. Palaeoecology

1.1. Basic concepts in palaeoecology

Definition of palaeoecology as the study of interactions among organisms and between organisms and
their environment over geological time scales. Palaeoautoecology and palaeosynecology. Concepts of
deep time, actualism, the fossil record and temporal perspective in the interpretation of past ecosystems.
Distinction between Quaternary palaeoecology, deep-time palaeoecology and evolutionary palaeoecology.

1.2. Palaeopopulations, communities and ecological interactions

Structure and dynamics of palaeopopulations. Interpretation of abundance, distribution, population
structure and intraspecific variation in the fossil record. Communities, ecosystems and ecological networks
of the past. Biotic and abiotic interactions: competition, predation, parasitism, mutualism, symbiosis and
organism-environment relationships.

1.3. Classical palaeoecological approaches

Sedimentology, facies, fossil assemblages and taphonomy as tools for reconstructing sedimentary
environments, fossil communities and palaeoenvironmental conditions. Basic stratigraphic principles,
formation of fossil sites, taphonomic biases, differential preservation and the palaeoecological significance
of fossil assemblages.

1.4. Ichnology, functional morphology and quantitative methods

Trace fossils, bioturbation and ichnofacies as indicators of behaviour, substrate, environmental energy and
ecological conditions. Functional analogy, phylogenetic bracketing, morphometrics, biomechanics, shape
analysis, ecological niche modelling, phylogenetic comparative methods and functional approaches to infer
modes of life, ecological performance and adaptation.

1.5. Evolutionary palaeoecology
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Environmental and ecological context of macroevolutionary changes observed in the fossil record.
Bioturbation, trace fossils, microbial structures, benthic ecosystems, reefs, coquinas, cold seeps,
hydrothermal vents, pelagic and terrestrial ecosystems. Relationship between ecology and evolution:
diversification, extinction, ecological escalation, morphological innovation, changes in tiering and
applications in conservation palaeobiology.

2. Palaeoclimatology

2.1. Concepts and history of palaeoclimatology

Definition of climate and palaeoclimate. Difference between weather and climate. Objectives of
palaeoclimatology: reconstructing the climatic characteristics of the Earth throughout its history, analysing
their causes and understanding their environmental and biological consequences. Historical development
of the discipline, from the first interpretations of climate change and natural catastrophes to the
recognition of glaciations, climatic variability and global climate change.

2.2. Causes of climate change

Internal and external factors controlling the Earth's climate at different temporal scales. Variations in solar
radiation, orbital cycles, atmospheric composition, greenhouse gases, albedo, distribution of continents
and oceans, plate tectonics, volcanism, oceanic and atmospheric circulation, sea-level changes and climate
feedbacks.

2.3. Palaeoclimatic records and proxies

Main palaeoclimatic archives and climate reconstruction methods: historical, glacial, sedimentary,
geochemical and biological records. Stable isotopes, ice cores, marine and continental sediments,
foraminifera, palynology, palaeosols, lithological indicators and records of sea-level variation. Interpretation
of climate proxies and limitations related to temporal resolution, preservation and calibration.

2.4. History of the Earth's climate

Climatic evolution from the Precambrian to the present. Formation of the atmosphere and hydrosphere,
major Precambrian glaciations, Palaeozoic climate, Ordovician glaciation, climatic changes associated with
the diversification and extinction of biotas, Mesozoic climates, greenhouse episodes, environmental crises,
Cenozoic cooling, the Palaeocene-Eocene Thermal Maximum, Quaternary glaciations and recent climatic
variability.

2.5. Climate, biosphere and environmental crises

Relationship between climate change, biodiversity and evolution. Effects of climate on organism
distribution, productivity, mass extinctions, evolutionary radiations, migrations, ecosystem change and
community reorganisation. Use of the fossil record to contextualise the current climate crisis and evaluate
biological responses to rapid environmental change.
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3. Palaeobiogeography

3.1. Concept, origin and historical development

Concept of palaeobiogeography as the discipline that studies the spatial and temporal distribution of fossil
organisms. Relationship between present-day biogeography, the fossil record, evolution and historical
geology. Historical development of the discipline and main debates: centres of origin, dispersal, vicariance,
isolation and provincialism.

3.2. Palaeobiogeographic processes and patterns

Ecological, historical and evolutionary factors that condition the distribution of organisms. Ecological
biogeography, historical biogeography and phylogenetic biogeography. Distribution patterns, endemism,
provincialism, geographical barriers, environmental gradients, dispersal, vicariance, allopatric speciation
and changes in biodiversity through time.

3.3. Geological, climatic and evolutionary drivers of biogeography

Role of plate tectonics, continental fragmentation and assembly, opening and closure of oceans,
glaciations, sea-level changes, climatic crises and extinctions in shaping past biotas. Interaction between
evolution, climate, palaeogeography and ecosystem dynamics.

3.4. Tools and methods in palaeobiogeography

Use of fossil records, ages, localities, stratigraphy, palaeogeographic reconstructions, phylogenies and
biogeographic models. Methods for ancestral-area inference, dispersal-vicariance analysis, model
comparison, reconstruction of palaeocoordinates and computational approaches applied to the study of
the distribution of fossil organisms.

4. Practical sessions

Practical session 1. Biogeographic inference with BioGeoBEARS

Introduction to comparative biogeographic analysis using BioGeoBEARS. Preparation of phylogenetic trees
and geographic distribution matrices. Comparison of biogeographic models, reconstruction of ancestral
areas and interpretation of dispersal, vicariance and extinction processes within a phylogenetic framework.

Practical session 2. Palaeogeographic reconstructions with GPlates in R

Use of R-based tools linked to GPlates to reconstruct palaeocoordinates and palaeogeographic changes
through time. Projection of fossil occurrences onto palaeogeographic maps, analysis of palaeolatitude,
distance between areas, geographical barriers and the relationship between fossil distribution, plate
tectonics and environmental change.
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TEACHING METHODOLOGY

The theoretical classes will be mainly delivered through participatory lectures (MD1), supported by
projected presentations, resources available on the Virtual Classroom and teaching materials specifically
prepared for the course. These materials will form the backbone of the course, integrating the fundamental
contents of palaeoecology, palaeoclimatology and palaeobiogeography, as well as activities, applied
examples and exercises aimed at reinforcing learning.

Although the main methodology will be the participatory lecture, different teaching strategies will be
combined throughout the course to promote active student engagement and critical understanding of the
contents. These will include discussion of scientific articles and readings (MD2), case-study analysis
(MD3), problems and applied exercises (MD4), group work (MD11) and guided debates or discussions
(MD9). These activities will be integrated into the class dynamics and linked to the contents developed in
the teaching materials and in the complementary resources available on the Virtual Classroom.

The course will combine conceptual content with examples from the fossil record, stratigraphy,
sedimentology, taphonomy, palaeoclimatic proxies, palaeogeographic reconstructions and biogeographic
models. Particular attention will be paid to the critical interpretation of palaeoecological, palaeoclimatic
and palaeobiogeographic data, as well as to the relationship between environmental changes, organism
distribution, ecosystem evolution, extinctions and biodiversity patterns throughout geological time.

In addition to theoretical sessions, two practical sessions will be carried out, focusing on the application of
computational tools in palaeobiogeography and palaeogeography. The first practical session will focus on
the use of BioGeoBEARS for biogeographic inference, model comparison and ancestral-area
reconstruction. The second practical session will address the use of R-based tools linked to GPlates, with
the aim of reconstructing palaeocoordinates, visualising fossil distributions on palaeogeographic maps and
interpreting spatial changes associated with plate tectonics and environmental change.

At the end of each thematic block, short review and self-assessment activities may be carried out, including
Kahoot-type quizzes or equivalent exercises, with the aim of consolidating the main concepts, identifying
potential learning difficulties and encouraging student participation.

In addition, depending on the availability of invited specialists, the teaching may be complemented by guest
lectures (MD10) throughout the course. These sessions will allow students to gain first-hand knowledge of
current research lines related to palaeoecology, palaeoclimatology, palaeobiogeography, macroevolution
and the quantitative analysis of the fossil record. Likewise, depending on teaching planning and the
availability of teaching staff or participating researchers, seminars (MD5) may be incorporated to broaden
and complement some of the contents covered, fostering a more applied, up-to-date and integrative view of
the subject.

WORKLOAD

PRESENCIAL ACTIVITIES

Activity Hours
Theory 18,00
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Laboratory 12,00
Total hours 30,00

NON PRESENCIAL ACTIVITIES

Activity Hours
Attendance at other activities 0,00
Individual or group project 10,00
Independent study and work 20,00
Preparation of lessons 5,00
Preparation for assessment activities 5,00
Resolution of case studies 5,00

Total hours 45,00

TEACHING METHODOLOGY

Theoretical face-to-face classes will be taught to provide fundamental knowledge covering the basic
aspects of the program. In addition, guided seminars may be conducted by the professor, consisting of
detailed study of specific examples or discussion on certain aspects of the program.

Two laboratory practical sessions will be conducted, during which the necessary information will be
provided for students to carry out their own paleoecological, paleoenvironmental, and paleobiogeographic
interpretations. These practical sessions will serve to reinforce the key concepts covered in the theoretical
classes.

EVALUATION

Assessment activity                                                   Weighting (%)

Combined theoretical and practical examination:       60% (40% + 20%)

Guided debates / Oral presentation:                           10%

Assessment of the practical report / practical script:   20%

Class participation, engagement and motivation:       10%

 

The assessment of the theoretical contents (40%) and practical contents (20%) of the course will be carried
out through a single theoretical-practical examination, which will account for 60% of the final mark. This
examination will assess, in an integrated manner, the knowledge, competences and skills acquired in the
three thematic blocks of the course: Palaeoecology, Palaeoclimatology and Palaeobiogeography.

 

The examination will consist of six questions in total: three short questions and three essay questions. For
each of the three thematic blocks, one short question and one essay question will be proposed. From the
six questions proposed, students must select and answer four questions: two short questions and two
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essay questions.

The selection of questions must meet the following conditions:

1. Exactly two short questions and two essay questions must be selected.
2. The four selected questions must necessarily cover the three thematic blocks of the course: 

Palaeoecology, Palaeoclimatology and Palaeobiogeography.
3. Therefore, students must select at least one question from each thematic block.
4. Consequently, one of the three blocks will be assessed through its two questions —the short 

question and the essay question—, while the other two blocks will be assessed through a single 
question each.

The short questions will be aimed at assessing mastery of specific concepts, definitions, interpretation of
examples, simple problems, reasoning exercises or applied questions related to the course contents. The
essay questions will make it possible to assess the student's ability to integrate information, relate
palaeoecological, palaeoclimatic and palaeobiogeographic processes, argue in a reasoned manner and
apply the knowledge acquired to specific cases.

The examination will include both conceptual contents and methodological and applied aspects covered
during the course, including the procedures developed in the practical sessions. In this respect, questions
may address the interpretation of fossil data, palaeoenvironmental reconstructions, palaeoclimatic proxies,
biogeographic analyses, distribution models, palaeogeographic reconstructions, the use of BioGeoBEARS
and R-based tools linked to GPlates.

Each of the three thematic blocks of the examination —Palaeoecology, Palaeoclimatology and
Palaeobiogeography— must be passed separately, with a minimum mark of 5 out of 10 in each section. The
mark for each block will be calculated from the question or questions answered for that block. In the block
in which both the short question and the essay question are answered, the mark for the section will be
obtained from the joint assessment of both answers.

Failing any of the blocks will generally mean that the examination has not been passed. However, a
compensation system is established: if one of the three sections obtains a mark between 4.0 and 4.9, it
may be compensated provided that the average final mark for the whole examination is equal to or higher
than 5 out of 10. However, if two sections obtain a mark between 4.0 and 4.9, compensation will not be
possible and the examination will not be considered passed. Likewise, if any of the sections obtains a mark
lower than 4.0, the examination cannot be considered passed, even if the overall average is equal to or
higher than 5.

The final mark for the examination will be calculated from the marks obtained in the three thematic blocks.
Since all areas of the course must be represented, the overall examination mark will reflect the student's
performance in Palaeoecology, Palaeoclimatology and Palaeobiogeography. The mark obtained in this
examination will be converted proportionally to 60% of the final course mark.

Throughout the classes, guided debates and/or oral presentations will be organised, accounting for 10% of
the final mark. These activities will focus on topics involving competing hypotheses, alternative
interpretations or current debates within palaeoecology, palaeoclimatology and palaeobiogeography. To
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this end, students may work with selected bibliography, prepare arguments, assume specific roles where
appropriate and actively participate in the discussion.

The practical component of the course will also be assessed through a practical report, practical notebook
or commented script, which will account for 20% of the final mark. This document must reflect the work
carried out during the practical sessions, the procedures applied, the commands or scripts used, the results
obtained and their interpretation. In particular, the correct application of the methods used in the
BioGeoBEARS and GPlates-related R practical sessions will be assessed, as well as the ability to interpret
the results in a palaeoecological, palaeoclimatic, palaeobiogeographic and palaeogeographic context.

Activities involving discussion of scientific articles and readings, case-study analysis, problems, group work
and guided debates or discussions will also be incorporated. Short follow-up quizzes, including Kahoot-type
quizzes, may also be carried out, especially at the end of thematic blocks. These activities will aim to
reinforce the contents covered, encourage participation and facilitate learning self-assessment. Their
completion and use will be assessed within the section on participation, engagement and motivation in
class, which will account for 10% of the final mark.

Attendance at the practical sessions is compulsory, given their applied nature and direct connection with
the course learning outcomes. The attendance requirement for this activity will be considered fulfilled if the
student attends at least 80% of the scheduled practical hours. Attendance at theoretical or theoretical-
practical classes will not be a minimum requirement for passing the course, although it will be taken into
account within the section on participation, engagement and motivation in class.

To pass the course, students must obtain a final mark equal to or higher than 5 out of 10 and must have
passed the theoretical-practical examination in accordance with the conditions established above. The final
mark will be calculated by applying the weightings indicated in the assessment table.

First and second examination sittings

In the first sitting, the final mark will be obtained by weighting the different assessment systems indicated:
single theoretical-practical examination, guided debates or oral presentation, practical report or script, and
class participation.

In the second sitting, the same assessment systems and the same weightings will be maintained. Students
who have not passed the course may retake the theoretical-practical examination through a new test with
the same structure and assessment criteria. If the examination has not been passed in the first sitting, the
full examination must be retaken in the second sitting.

Marks for components passed in the first sitting may be retained for the second sitting within the same
academic year. Continuous or attendance-based assessment activities which, by their nature, cannot be
repeated in the second sitting will retain the mark obtained during the course.
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