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Scope

Biogeography investigates the relationships between
patterns and processes of geographic distribution of
organisms

Spalding et al. 2007
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Scope

Explaining the differences in numbers as well as
types of species among geographic areas, and
along geographic gradients including those of
areas, isolation, latitude, elevation, and depth

All taxa

Scope

How have historical events shaped species’
distribution?
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Scope

Intra and inter-specific approaches, different time-

scales,

Historical Biogeography
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Goals

Explain the differences in numbers as well as types
of species among geographic areas, and along
geographic gradients including those of areas,
isolation, latitude, elevation, and depth
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Simulation modeling - GIS - Statistical Analysis - Remote
Sensing - Submersible vessels - Automated ground-
based data collection systems - Radioisotopes - Stable
isotopes - Genetic tools

Week 1 M

Introduction and a case study to setup the scene:

World-wide phylogeography of sardines




Week 2 M Week 3 M

Historical and Ecological biogeography Ocean Ecosystems

Evolution of Coral Reef Fish

Dispersal
Week 4 I\ Week 5 M)
Phylogeography Island Biogeography
Biogeographic and genetic consequences of the Case-studies

glaciations




Week 1 &1

Learning insights
Publishing in science

Visualizing data: software, graphs, the use of color
and shapes.
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Week 2 B2

Area relationships

Part 1. Exploratory data session: summary of
biodiversity and graph building

Week 3 Ei

Area relationships

Part 2. Exploratory data session: area
cladograms

Part 3. Presence records and plot

Week 4 E2

Area relationships

Part 4. Species distribution modeling
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WHY'THIS COURSE?

® Assistant Professor
® PhD Evolutionary Biology/Population Genetics (UK)

® Research in Evolutionary Biology/Population
Genetics/ Phylogeography
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Population Genetics applied to Fisheries

R2C2 research group

Ecology and Evolution

Northern refugia and recent expansion in the North Sea:
the case of the wrasse Symphodus melops (Linnaeus, 1758)

Joana |. Robalo’, Rita Castilho?, Sara M. Francisco'?, Frederico Almada’, Halvor Knutsen®??,
Per E. Jorde*®, Ana M. Pereira'’ & Vitor C. Almada’
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Mar Biol (2012) 159:1509-1525
DOI 10.1007/500227-012-1936-3

ORIGINAL PAPER

Population structure and connectivity of the European conger eel
(Conger conger) across the north-eastern Atlantic and western
Mediterranean: integrating molecular and otolith elemental
approaches

Alberto T. Correis « Ana A, Ramos «
Filipe Barros - Gongalo Silva - Paul Hamer -
Pedro Morais - Regina L. Cunhi - Rita Castilho
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Evolution at a Different Pace: Distinctive Phylogenetic Patterns of Cone Snails from Two
Ancient Oceanic Archipelagos
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Mitochondrial DNA reveals a mosaic patiern
of phylogeographical structure in Atlantic and Mediterranean
populations of anchovy (Engraulis encrasicolus)
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ORIGINAL ARTICLE
Establishment of a coastal fish in the Azores: recent
colonisation or sudden expansion of an ancient relict
population?
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Intraspecific genetic lineages of a marine mussel
show behavioural divergence and spatial
segregation over a tropical/subtropical
biogeographic transition
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Asymmetrical dispersal and putative
isolation-by-distance of an intertidal
blenniid across the Atlantic—-Mediterranea
divide

Rita Castilho', Regina L. Cunha', Cliudia Faria’, Eva M, Velasco’ and
Joana L. Robalo'
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Hypothesis 1: Panmixia.

A panmictic population is one in which evary individual has

an equal chance of mating with another mdividual, Theee is no dscemable
population structure.

Hypothesis 2: Isolation by distance,

Under models of isolation by distance, many neutral alleles will
show cine patterms. especialy along peographic axes wih he
lesst gene fow.

Wi secondary contact, neutral aliales will ransenty show a dine
pattem at the contact 2one between the two populations.

The cines alang the secondary cantact zone wil form even i the
allele raquancy diffarence batween tha two populasons is modest

Setween
Asharp geographic baundary batween two dades usuaty assumed t be a
result of gecgraphic barriers 1 isparsal, cryplic spacks boundarss,

cr recent contacts between historically allopatrie populations.
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Hypothesis 3. Secondary contact betweea populations of the two regions.

Against all odds: a tale of marine
range expansion with maintenance
of extremely high genetic diversity

Joana |. Robalo®, Sara M. Francisco®, Catarina Vendrell?, Cristina S. Lima’, Ana Pereira®,
Benedikt P. Brunner’, Mamadou Dia*, Leonel Gordo® & Rita Castilho™* "

SCIENTIFIC
REPORTS

2
:M 9
- Q B
[1os1 L \ L
o m’; LY ( © LISBON
ALG - ® SESMERA
R i ® AlGaRTE
§ 8 \ ® canz
5 len GROLP v\ e
‘ v
Jroes. . 4 GROUPZ
84 Ay L e = '
[perrnsl  NAALY : |
nnge &R S
o—m '\ |
| g |- -
2 . Rk
20 ~10 o 10
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WHY THIS MASTER?2

l. =]
What term best describes your background‘.’

.. Start the presentation to see live content. For screen share software, share the entire screen, Get help at poltev.com/app ..
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2 When poll is active, respond at PollEv.com/ritacastilho098
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What is your intended professional future

Academia (teaching +
researching)

Researcher

Manager (conservation,
fisheries, etc)

None of the above

Start the presentation to see live content, For screen share software, share the entire screen, Get help at pollev.comiapp

I. ||
Do you intend to pursue a PhD? :

Yes

No

D

None of the above

.. Start the presentation to see live content, For screen share software, share the entire screen, Get help at pollev.com/app ..

MAP EVOLUTION

o
v
c
-
K
€

1

World map, ¢.1500, by Juan de la Cosa, pilot on Columbus's second expedition. Courtesy of Naval Museum, Madrid




500 YEARS LATER

Neogene, Pleistocene
20 kya

Pacific

Antarctic

EARTH EVOLUTION
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The age of the ocean floor, showing strips of floor of different ages derived mainly from measurements of magnetic anomaly stripes. Boundaries are drawn at 2, 4, 9,
20, 35, 52, 65, 80, 95, 110, 120, 140 and 160 Ma intervals in a colour scheme that runs from dark grey (youngest) through red, yellow, and green to blue (oldest). Pale
brown areas are the continental shelves
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500 MILLION YEARS OF GLOBAL TEMPERATURE

Temperature of Planet Earth
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CLIMATE Errecrs on MARINE BIODIVERSITY

CH ANGE AND LOCAL COMMUNITIES

CEAN TEMPERATURE INCREASE (limate change is affecting the weld"s oceans moifying their temperature, nutrient supply, water
chemistry, wind systems, and ocean currents, dramatically impacting mavine Bodiversity. The
situationis no differeatia the Mesoamericza Reef, the second largest reef in the world.
Clmate change is exacerbatisg aathropogesic (e. 0., water pollution, land ren off, overfishing)

and natural (2.9., storms, coral disease) threatening the heart of Caribean calture and
economies.
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EXTREME WEATHER EVENTS

A warming ocean

Since the 1970s, the Earth’s ocean has absorbed more than 23% of the
enhanced heating ar s.r?’ from human activities. This extra heat is causing
changecin the ocean. which are beginning to alter species. acosystems. and
ecological processes.

Disease outbreaks

‘Warming wates temperaiures are changing
the distribution of pathogens around the
workd, There are early sgns that these
changes are mpacting human heath.

Shifts in timing of key
biological events
Changes n the seasonal

Global scale v avelabiy of plarkton mean
change that plankion food stocks are
Chenge s being (3 becoming more

observed fom poar unpredictable for the marine
1o tropical regions. life tha feeds on them.

andfrom coasis to
506 beds - not just
coral reefs

Yulnerable
societies

Mangrove, seagrass and
coral reef ecosystems
fat provide vital coastal
profection and food
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ORGANISMS" MOVEMENTS

VICARIANCE VS DISPERSAL

Vicariance

Ancestral Geographic
population isolation

Speciation

They swim...
Migratory routes for selected marine animals
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Basic information

Course description

Marine biogeography:
study of the geographical distribution of marine
organisms

Origins of biogeography as an historical science,
The biogeographic evidence that supports the
theory of evolution.

Continental drift.

The relationship of phylogeny and biogeography.
Basic concepts of evolution and biogeography
Application of methods used to study evolution and
biogeography

Case histories to demonstrate the role of historical
events

WHAT DO | EXPECT
YOU TO LEARN<

Marine biogeography:

WEB

study of the geographical distribution of marine
organisms

I. The History of Biogeography (the science
of biogeography, phylosophy and basic
principles and approaches, pivotal

biogeographers, examples of contemporary h ° I h
sogeogrer ; MBE
Il Plﬁgiog?éirg;jr;:)hy - models of speciation, ttp '_/_/ rc G Stl o L pt_/

phylogenetic inference, molecular clock,
historical demography.

. Paleogeography - dating events, geological
time scales, continental drift, evolution of
ocean basins (Tethys, Atlantic,
Mediterranean), paleoclimates, past sea
levels.

IV. Case studies: the Atlantic/Mediterranean

divide; coastal species, estuarine species;
open ocean species and deep-sea species.




Basic information

Contact time (hours)
Theoreticals: 15h (10 sessions)
Computer Labs: 24h (6 sessions)

Independent study: ca. 100h

Basic information

Teaching and learning methods

Computer lab classes

Objectives
Work
Computers

Breaks

Basic information

Teaching and learning methods

|. Dedicated webpage, with all relevant
information: chronogram of lectures, with
reading materials available beforehand.

Il. Audio-visual subject presentation, with open
discussion in class. Lectures will be mixed with
discussions of assigned readings from the
primary literature to stimulate critical thinking
about the various topics.

. Computer lab classes with exercises
available beforehand. Group discussion
encouraged.

. To have a knowledge of the evolutionary history, life

IV. To understand the applications of historical and

V.

VI

. To be able to critically evaluate current concepts of

To understand and be familiar with the methods used to
study the biogeography of marine organisms;

history, distribution patterns, speciation patterns of a
number of marine organisms;

marine species and factors influencing speciation and
distribution patterns;

ecological biogeographic analyses in the study of marine
systems.

Critically evaluate arguments and assumptions and
interpret published data relating to marine biogeography
and phylogeography in particular;

Utilize the scientific process to form hypotheses and
design studies for gathering and analyzing data from
which to draw scientifically valid conclusions
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Historical Biog

AN INTRODUCTION

Basic information

EVALUATION

The evaluation will be based on:
1. written examination. 70%
Students scoring less than 10/20 on
the written examination are required to
have a re-sit exam.

2. Flash talk. 30%
Oral presentation in 3 minutes on a a
free topic related to biogeography.

LET'S JUMP INTO A
CASE STUDY




