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SUMMARY

The course Paleobiology and Paleontological Systematics introduces students to the study of the history
of life through the fossil record, combining evolutionary, ecological, morphological and systematic
perspectives. Throughout the course, students will analyse how fossils allow us to reconstruct the
evolution of organisms, interpret major changes in biodiversity and understand the processes that have
shaped ecosystems of the past.

The first part of the course focuses on the nature of the fossil record: how it is formed, what information it
preserves, and what its main biases and limitations are. Fundamental concepts such as preservation,
completeness of the record, paleontological sampling and the recognition of fossil species will be
addressed. These contents will help students understand that the fossil record is not a perfect window into
the past, but rather a complex source of information that must be interpreted critically.

The course will then examine the major patterns of diversification and extinction through geological time.
The dynamics of lineage origination and disappearance, the differences between background extinction
and mass extinction, the recovery of ecosystems after major biotic crises, and the evolution of biodiversity
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during the Phanerozoic will be analysed. These topics will allow students to reflect on how extinctions have
transformed the history of life and generated new evolutionary opportunities.

The course will also address the evolutionary interpretation of the fossil record, including the relationship
between microevolution and macroevolution, the debate between phyletic gradualism and punctuated
equilibrium, evolutionary trends, convergence, adaptation and exaptation. Through these contents, students
will learn to interpret fossils not only as remains of extinct organisms, but also as direct evidence of
evolutionary processes operating at different temporal scales.

Another fundamental block will be devoted to evolutionary morphology, that is, the study of organic form
as the result of the interaction between adaptation, development, evolutionary history and structural
constraints. Topics such as morphospace, possible and observed forms, adaptationism, constructional
morphology, evo-devo, modularity, canalisation, phenotypic plasticity, heterochrony and the evolution of
new forms will be covered. This approach will help students understand why organisms have the forms
they do and why not all imaginable forms occur in nature.

The final part of the course will focus on paleontological systematics, providing the necessary foundations
to classify fossil organisms and reconstruct their evolutionary relationships. The principles of taxonomy,
biological nomenclature, type specimens, homology, morphological characters, character matrix coding
and phylogenetic inference will be studied. Students will learn to interpret cladograms, recognise
monophyletic, paraphyletic and polyphyletic groups, and understand the importance of fossils in
reconstructing the tree of life.

The course combines theoretical contents with an applied practical dimension. Through debates,
discussion of scientific papers, problem-solving activities, laboratory and computer practicals, students will
work with paleontological data, morphological characters, phylogenetic matrices and analytical tools. The
aim is for students to acquire a critical and practical understanding of paleobiology as a scientific
discipline, understanding how fossils make it possible to formulate and test hypotheses about evolution,
biodiversity, extinction, form and evolutionary relationships.

Overall, Paleobiology and Paleontological Systematics provides essential training for understanding life on
a deep-time scale. The course invites students to see fossils as more than just remains from the past: they
are key scientific data for answering some of the major questions in evolutionary biology, such as why new
forms of life appear, why lineages become extinct, how ecosystems change and how the evolutionary
history of living beings can be reconstructed.

PREVIOUS KNOWLEDGE

RELATIONSHIP TO OTHER SUBJECTS OF THE SAME DEGREE

There are no specified enroliment restrictions with other subjects of the curriculum.

OTHER REQUIREMENTS

No enrollment restrictions with other courses in the study plan have been specified. It is recommended,
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though not essential, to have basic knowledge of zoology, botany, and ecology, as well as geology and
paleontology.

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-
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.
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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 (Dinépolis, 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
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
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THEORETICAL MODULE

1. Palaeobiology: introduction

1.1. Basic concepts and historical context

« Definition of palaeobiology and relevance of the discipline.
+ Historical milestones in the study of fossils.

« Palaeobiology as an integrative science between geology and evolutionary biology.

1.2. The nature of the fossil record

* Geographical and environmental distribution of fossiliferous rocks.
* Preservation potential of the fossil record.

* Taphonomic, stratigraphic and sampling biases.

« Completeness and incompleteness of the fossil record.

+ Sampling of the fossil record and its palaeobiological implications.

1.3. The species in palaeontology

* Species concept and speciation.

* Recognition of morphospecies in the fossil record.
* Intraspecific variability and geological time.

* Problems of taxonomic delimitation in fossil organisms.
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2. Global diversification and extinction

2.1. Basic concepts

« Diversity, disparity, origination and extinction.

* Historical development of the macroevolutionary study of diversity.

* The fossil record as a source for analysing diversification and extinction.

2.2. Global diversification

* Methods for constructing diversity curves.

* Coupled logistic model and alternative scenarios.

* Marine and continental evolutionary faunas.

+ Biases and limitations of diversity curves.

2.3. Extinction

+ Background extinction versus mass extinction.

* Vulnerability and selectivity of lineages.

« Ecological, geographical and biological factors associated with extinction risk.

* Recognition, causes and biases of mass extinctions.

2.4. Recovery after mass extinctions

* Phases of biotic recovery.
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+ Taxonomic, ecological and functional recovery.
« Extinction, ecological opportunity and ecosystem reorganisation.

+ Macroevolutionary significance of major biotic crises.

2.5. Origination dynamics
* Role of origination in diversification.
* Origination after mass extinctions.

« Comparative trends in marine and terrestrial environments.

2.6. Diversification and extinction in the Phanerozoic

* Ecological changes associated with diversification and extinction.
* Triggers and mechanisms of extinction.

+ Main diversification and extinction events of the Phanerozoic.

* Impact of biotic crises on the evolution of the biosphere.

3. Evolutionary interpretation of the fossil record

3.1. Microevolution and macroevolution

« Conceptual differences between microevolution and macroevolution.
+ Temporal and hierarchical scales of evolutionary processes.

* Role of the fossil record in the study of macroevolutionary patterns.
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3.2. Gradualism and punctuated equilibrium

* Phyletic gradualism.

* Punctuated equilibrium.

« Stasis, speciation and the tempo of evolutionary change.
+ Conditions for testing models of evolutionary change.

« Implications for evolutionary theory.

3.3. Evolutionary patterns

* Evolutionary trends and criticism of orthogenesis.

« Taxonomic diversification and morphological divergence.
+ Disparity and occupation of morphospace.

* Ecological replacement.

+ Convergence, parallelism, reversal and iterative evolution.

3.4. Selection, adaptation and exaptation

+ Natural selection and multilevel selection.

+ Adaptation and exaptation.

+ Current utility, historical origin and functional change.

+ Adaptive and non-adaptive interpretation of fossil characters.
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4. Evolutionary morphology

4.1. Possible forms and observed forms

* Morphospace and limits of morphological variation.

+ Adaptationist perspectives and developmental constraints.
« Empty spaces in morphospace.

* Internal and external constraints on the evolution of form.

*+ Ontogeny, development and comparative methods.

4.2. Adaptationism, constraints and constructional morphology

* The adaptationist programme and its limitations.

- Difference between current utility and evolutionary origin.

* Adaptive, structural, historical and developmental explanations.

+ Seilacher and Konstruktions-Morphologie.

« Seilacher's triangle: architecture, phylogeny and adaptation.

* Architectural, biomaterial and growth constraints.

« Self-organisation and non-adaptive morphological patterns.

* Morphodynamics, the inclusive organism and the effective environment.

* Relevant palaeobiological applications.
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4.3. Evo-Devo and the evolution of form

+ Historical origin of evolutionary developmental biology.

* Integration between evolution, development, genetics, cell biology and biophysics.

+ Embryogenesis and evolution.

* Classical theories of development.

+ Developmental hourglass model.

* Phylotypic stage, body plans and regulatory networks.

+ Development, evolutionary constraints and morphological innovation.

4.4. Key concepts in Evo-Devo

* Genotype-phenotype map.

* Modularity and morphological integration.

+ Canalisation, robustness and phenotypic plasticity.

* Epigenetic landscape, phenocopies and atavisms.

* Evolvability, reaction norms and evolutionary burden.

+ Anatomical networks and morphological constraints.

* Heterochrony: paedomorphosis, peramorphosis, heoteny, progenesis, hypermorphosis and acceleration.

+ Allometry, sexual dimorphism, life-history strategies and evolutionary novelties.

* Developmental system drift and developmental bias.

« Self-organisation and models of pattern generation.
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* Modern Evolutionary Synthesis and Extended Evolutionary Synthesis.

5. Palaeontological systematics

5.1. Systematics, taxonomy and nomenclature

* Basic concepts and history of biological classification.

« Palaeontological nomenclature and nomenclatural codes.

- Formation of scientific names.

* Operational principles of nomenclature.

* Type specimens, type taxa and the principle of typification.

+ Synonymic lists and nomenclatural changes.

+ Formal description of species.

« Parataxonomy and nomenclature of disarticulated elements.

5.2. Phylogenetic reconstruction in palaeontology

* Principles of phylogenetic inference.

* Trees, cladograms and genealogies.

* Phylogenies based on morphological characters.

+ Apomorphic and plesiomorphic characters.

+ Homology, analogy and homoplasy.

* Character polarity.
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* Temporal dimension of genealogies.

* Use of the fossil record in evolutionary reconstruction.

5.3. Phylogenies and classification

* Inclusive taxonomic hierarchies.

« Taxonomic categories and schools of classification.
* Nature of higher taxonomic categories.

* Monophyletic, paraphyletic and polyphyletic groups.
+ Stem groups and crown groups in palaeontology.

« Implications of phylogenetic hypotheses for classification.

PRACTICAL MODULE

Session 1. Laboratory

« The problem of biological classification.

+ Handling of morphological characters.

* Character states.

* Recording quantitative and qualitative characters.

+ Character coding and ordering.

* Construction of binary and multistate character matrices.

+ Handling complex characters.
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Session 2. Problems

* Principles of phylogenetic systematics.

« Stages of a phylogenetic analysis.

* Types of characters and coding criteria.

* Homology criterion.

* Polarity based on the outgroup, ontogeny and stratigraphy.
« Parsimony in the testing of phylogenetic hypotheses.

+ Information obtained from phylogenetic hypotheses.

* Types of groups.

+ Synapomorphies, plesiomorphies and autapomorphies.
* Principle of simplicity.

+ Parenthetical notation, root, rooting and topologies.

* Manual construction of cladograms.

* Resolution of practical exercises.

Sessions 3 and 4. Computer-based practicals
* Cladistic methods.
+ Use of software for phylogenetic reconstruction under parsimony.

* Phylogenetic search algorithms.
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* Minimum-length trees.

* Character optimisation.

* Tree parameters.

+ Consensus trees.

« Statistical support and confidence of groups and trees.

* Evolutionary, classificatory and nomenclatural interpretation of the results.

WORKLOAD

PRESENCIAL ACTIVITIES

Activity Hours
Theory 34,00
Laboratory 11,00

Total hours 45,00

NON PRESENCIAL ACTIVITIES

Activity Hours
Attendance at other activities 0,00
Individual or group project 15,00
Independent study and work 32,50
Preparation of lessons 5,00
Preparation for assessment activities 10,00
Resolution of case studies 5,00

Total hours 67,50

TEACHING METHODOLOGY

Theoretical classes: 34 classroom hours
Methodology

The theoretical classes will be developed mainly through participatory lectures (MD1), supported by
projected presentations, resources available on the Virtual Classroom and an online book specifically
created for the course. This book will serve as the backbone of the course, as it will integrate the main
theoretical contents and, in alternation, activities and exercises designed to reinforce learning.
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Although the main methodology will be the participatory lecture, different teaching strategies will be
combined throughout the course to encourage active student involvement and critical understanding of the
contents. In this regard, activities will include discussion of scientific papers and readings (MD2),
resolution of practical case studies (MD3), problem-solving activities (MD4), group work (MD11) and
debates or guided discussions (MD9). These activities will be integrated into the class dynamics and linked
to the contents developed in the online book and in the complementary materials available on the Virtual
Classroom.

At the end of each thematic block, short review and self-assessment activities will be carried out, including
Kahoot-type quizzes, with the aim of consolidating key concepts, identifying possible learning difficulties
and encouraging student participation.

In addition, depending on the availability of invited specialists, teaching may be complemented with guest
expert lectures (MD10) throughout the course. These sessions will allow students to learn first-hand about
current research lines related to paleobiology and paleontological systematics. Likewise, depending on
teaching planning and the availability of teaching staff or participating researchers, seminars (MD5) may be
incorporated to expand and complement some of the topics covered, promoting a more applied, updated
and integrative view of the subject.

Practical classes: 6 classroom hours, and problem classes: 3 classroom hours
Methodology

Introduction and planning: Each session will begin with a detailed introduction to the practical activity,
establishing clear objectives.

Use of databases: Databases related to the fossil record will be used, allowing for in-depth and relevant
analysis.

Calculation of evolutionary and extinction rates: Students will learn to plan and calculate rates of evolution
and extinction.

Cohort analysis: Work will be carried out with cohorts and pseudo-cohorts, identifying different types of
extinction: background, episodic and mass extinction.

Application of parsimony: The application of parsimony in the formulation of phylogenetic hypotheses will
be taught.

Use of algorithms: Algorithms for measuring similarity and distance between individuals will be explored,
including the transformation of quantitative data and the construction of hierarchical dendrograms.

Advanced computer programmes: Specialised software tools for phylogenetic reconstruction in
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paleontology will be used, applying real data matrices from different groups of fossil organisms and
generating consensus trees.

Individually assessed work

Practical guide: Each student will have a guide that they must read before each practical session. The
practical sessions will be organised into problem-solving and computer sessions, in which complementary
exercises will be proposed to reinforce the concepts learned.

Objectives of the practical session: At the beginning of each session, the lecturer will present the specific
objective of the practical activity and review the fundamental concepts that will be applied in the exercises.

Supervision by the lecturer: During the practical session, students will work independently, with continuous
supervision and support from the lecturer.

Preparation of reports: Each student must submit the corresponding report reflecting the work carried out
and the learning acquired.

EVALUATION

Assessment activity Weighting (%)

Final written examination on the theoretical contents 40

Guided debates / Oral presentation 10
Assessment of the report / Practical workbook 20
Practical examination 20
Class participation and motivation 10

The final written exam will assess the theoretical contents of the course and will account for 40% of the
final grade. It will consist of a written test comprising 50 multiple-choice questions, 2 short-answer
questions and 1 essay question, the latter to be chosen from 3 options.

The multiple-choice questions will have four answer options, of which only one will be correct. Each correct
answer will add 1 point, each incorrect answer will subtract 0.25 points, and unanswered questions will not
be scored. The score obtained will be converted to a scale from 0 to 10. If the resulting score for this part is
negative, it will be considered as 0.
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The multiple-choice questions are intended to cover the entire syllabus and to verify that students have
acquired a general understanding of the course contents. The short-answer questions will consist of
definitions, conceptual questions, numerical problem-solving exercises or similar tasks, with a limited
maximum length, and will make it possible to assess the command of specific aspects of the programme.
The essay question will have a broader scope and will be aimed at assessing the student's ability to
integrate, relate and present the knowledge acquired in a reasoned manner.

Throughout the theoretical classes, guided debates will be proposed on topics involving opposing
hypotheses or alternative interpretations. For this purpose, students will work with selected bibliography,
prepare arguments, assume specific roles where appropriate and actively participate in the discussion. This
component will be assessed within the section guided debates / oral presentation, which will account for
10% of the final grade.

In addition, activities involving discussion of scientific papers and readings (MD2), resolution of practical
case studies (MD3), problem-solving (MD4), group work (MD11) and debates or guided discussions (MD9)
will be incorporated. Short follow-up quizzes may also be carried out, including Kahoot-type quizzes,
especially at the end of thematic blocks. These activities will aim to reinforce the contents covered,
encourage participation and facilitate self-assessment of learning, and will be assessed within the section
participation, involvement and motivation in class.

The practical component of the course will be assessed through two systems: the practical report or
practical notebook, which will account for 20% of the final grade, and a practical exam, which will account
for 20%. The practical report or notebook must reflect the work carried out during the practical sessions,
the procedures applied, the results obtained and their interpretation.

The practical exam will take place in the computer room and will consist of an applied exercise involving
the use of the programmes, tools and procedures covered during the course. Simulated or real
paleontological data will be used, with the aim of assessing the students' ability to apply the methods
learned independently.

Attendance at the practical sessions will be compulsory, given their applied nature and their direct
connection with the learning outcomes of the course. This attendance requirement 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 to pass the course, although it will be taken
into account within the section on participation, involvement and motivation in class.

To pass the course, students must obtain a final grade equal to or higher than 5 out of 10. No independent
minimum grade is established for any of the assessment systems, so the final grade will be calculated by
applying the weightings indicated in the table above.

First and second examination periods

In the first examination period, the final grade will be obtained by applying the weightings of the different
assessment systems indicated: final written exam, guided debates or oral presentation, practical report or
notebook, practical exam and class participation.
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In the second examination period, the same assessment systems and the same weightings will be
maintained. Students who have not passed the course may retake the final written exam through a new
test. Likewise, the practical exam may be retaken if it was not passed or not taken in the first examination
period, always in accordance with the planning established by the teaching staff.

The grades of the components passed in the first examination period may be retained for the second
examination period within the same academic year. Continuous or face-to-face assessment activities that,
by their nature, cannot be repeated in the second examination period will retain the grade obtained during
the course.
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