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Preface

At the core of this collection of papers from a diverse range of authors is a desire to 
draw on a wide array of perspectives and disciplinary approaches to renew our 
understanding and appreciation of Iberian maritime heritage of the Early Modern 
Period. Its catalyst is the ForSEAdiscovery Project—a multi-disciplinary endeavour 
which brought together established and emerging researchers to investigate Iberian 
shipbuilding and particularly its relationship to forests and timber supply through 
the lenses of archaeology, history and earth sciences. Many of the papers draw 
directly on the project’s research results. Other contributions come from collabora-
tions and research associations beyond and encouraged by ForSEAdiscovery.

Our hope is that this collection will be of interest to scientists, academics and 
students of history and archaeology in the broadest sense, but also accessible to a 
broad audience seeking a current overview of research into the phenomenon of 
Iberian seafaring during a period of technological and social transformation, a 
period in which European horizons expanded to encompass global dimensions 
through maritime enterprise. Our ambition has been to seek and present new insights 
and research directions particularly through multi-disciplinary collaboration.

We owe a debt of gratitude to a wider research community than solely the con-
tributors to this collection. To our ForSEAdiscovery family: Aoife Daly, Ute Sass- 
Klaassen, Jan Willem Veluwenkamp, Ignacio García González, Tomasz Wazny, 
Garry Momber, Christin Heamagi, Brandon Mason, and so many other members of 
the ForSEAdiscovery consortium, colleagues and friends who accompanied us in 
this incessant search for answers in the forest and in the sea of the history of the 
Iberian empires.

We dedicate this book to our beloved Fadi, lost to us too young, always in 
our hearts.

Madrid, Spain Ana Crespo Solana  
Lisboa, Portugal  Filipe Castro  
Lampeter, UK  Nigel Nayling   
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Chapter 1
Remains of the Shipwreck: 
An Introduction to the Iberian Maritime 
and Underwater Landscape

Ana Crespo Solana and Filipe Castro

A. Crespo Solana () 
Instituto de Historia, Consejo Superior de Investigaciones Científicas (CSIC), Madrid, Spain
e-mail: ana.crespo@cchs.csic.es 

F. Castro 
Universidade Nova de Lisboa (UNLA), Lisbon, Portugal
e-mail: fcastro@fcsh.unl.pt

Abstract The demand for wood in the sixteenth and seventeenth centuries forced 
the adoption of sustainable policies and practices in forestry in the Iberian Peninsula, 
as deforestation and increased dependence on imported timber threatened Spanish 
and Portuguese interests overseas. Little by little, policies for the conservation and 
organization of resources were developed that reached a significant peak in the eigh-
teenth century, at least in the Spanish case (Nayling and Crespo Solana 2016; 
Crespo Solana et al. 2018; Crespo Solana 2019). The sixteenth century was also a 
century of innovation in art, science, and technology, and this technological advance 
was partly the result of the socio-technological exchange between Mediterranean 
and northern European cultural traditions epitomized by developments in ship 
design and construction. In the twentieth century, ships and boats were the protago-
nists of important and more recent studies that have been of great influence in the 
development of a more integrated study of the ships and the populations that built, 
sailed, and lost them. These studies helped the development of an archaeological 
record (Castro et al. 2018) related to intertidal zones and submerged sites, focusing 
on the analysis of the transfer of knowledge about ocean navigation, especially 
between the Mediterranean and the Atlantic (Borrero et al. 2021).

The demand for wood in the sixteenth and seventeenth centuries forced the adoption 
of sustainable policies and practices in forestry in the Iberian Peninsula, as defores-
tation and increased dependence on imported timber threatened Spanish and 

The original version of this chapter was revised. The correction to this chapter is available at  
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Portuguese interests overseas. Little by little, policies for the conservation and orga-
nization of resources were developed that reached a significant peak in the eigh-
teenth century, at least in the Spanish case (Nayling and Crespo Solana 2016; 
Crespo Solana et al. 2018; Crespo Solana 2019).1 The sixteenth century was also a 
century of innovation in art, science, and technology, and this technological advance 
was partly the result of the socio-technological exchange between Mediterranean 
and northern European cultural traditions epitomized by developments in ship 
design and construction. In the twentieth century, ships and boats were the protago-
nists of important and more recent studies that have been of great influence in the 
development of a more integrated study of the ships and the populations that built, 
sailed, and lost them. These studies helped the development of an archaeological 
record (Castro et al. 2018) related to intertidal zones and submerged sites, focusing 
on the analysis of the transfer of knowledge about ocean navigation, especially 
between the Mediterranean and the Atlantic (Borrero et al. 2021).

The ForSEAdiscovery project intertwined history, underwater archaeology, and 
wood science with applications of Geographic Information Sciences (GIS) to pro-
duce data integration, mapping, and visualization tools (Crespo Solana 2014). As 
part of this multidisciplinary project, studies of the historical evidence for timber 
exploitation, selection and supply, contemporary forestry practice and preservation, 
were complemented by archaeological excavation and investigation of early mod-
ern Iberian shipwrecks and the application of dendrochronology to these assem-
blages. Dendrochronology has developed as an essential tool for the precise dating 
and provenancing of timbers found in archaeological ship finds but only in areas 
where well-replicated reference tree-ring chronologies have been constructed 
(Nayling 2008; Rich et al. 2018). This has limited its use in the Iberian Peninsula 
where historical dendrochronology has had less application than in the rest of 
Northern Europe (Domínguez-Delmás et al. 2015). The ForSEAdiscovery project 
sought not only to build on extant historical tree-ring chronologies in areas known 
to have supplied timber for shipbuilding, but also to explore additional methods in 
wood science which might complement provenance based on tree-ring widths alone.

This collection of essays brings together various research projects related to 
Iberian ships and the world in which they were built and sailed. It features a collec-
tion of works carried out by a network of experts in the fields of history, archaeol-
ogy, anthropology, and associated disciplines. The result summarizes a body of 
work that we had not planned to achieve, but that was developed beyond and above 
the goals we had set up and achieved for the Marie Curie Multi-ITN project 
(agreement no.: 607545) entitled Forest resources and Ships for Iberian Empires: 
ecology and globalization in the Age of Discovery, ForSEAdiscovery, with Ana 
Crespo Solana and Nigel Nayling principal investigators (Nayling and Crespo 
Solana 2016). We had not anticipated how well we worked together, the synergies 

1 Forest Resources for Iberian Empires: Ecology and Globalization in the Age of Discovery 
(16th–18th centuries). ForSEAdiscovery (grant agreement no. PITN-GA-2013-607,545), funded 
by the Marie Sklodowska Curie Actions, Initial Training Networks, European Commission (ITN). 
https://digital.csic.es/handle/10261/173130.

A. Crespo Solana and F. Castro
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we created, and the sense of community we developed. As it stands, this book is a 
summary of what we learned about these incredible machines—oceangoing ships—
and the people who built and sail them. In this sense, it is intended as a set of incre-
mental contributions to our knowledge, and not as a treatise on Iberian navigation in 
the early modern age, which would require a much more extensive work, and would 
probably be useless in one decade or so.

In the fifteenth century a new and large enterprise spread over the oceans, creating 
new theatres for exchange, and generating a new globalized interculturality that pro-
foundly affected European culture. New maritime routes were opened in all direc-
tions, as new resources were sought to meet the demands that this historical process 
produced. The exploitation of natural resources, especially wood, is at the origins of 
the mercantile capitalism of classical modernity. The use and exploitation of timber 
resources was determined by both the traditional demand of materials for the ship-
building industry and the new experimental needs of the developing shipbuilding 
technologies. Ships became the most important instruments of this globalization and 
extraordinary inhabited machines (Castro 2008). The wrecks of ships built in the 
Iberian Peninsula and in the Americas during expansion of Iberian Empires (six-
teenth-eighteenth centuries) are iconic examples of underwater cultural heritage 
where multiple modern sovereign states and their citizens hold interests. All too fre-
quently, these shipwrecks have been commercially exploited leading to the degrada-
tion and destruction of internationally important heritage. The sixteenth century has 
perhaps attracted more attention from the public because its shipwrecks fuelled a 
treasure hunting industry that has inspired many to seek and destroy the archaeologi-
cal remains of most of these ships. These shipwrecks have attracted some scholarly 
attention as well, and Thomas Oertling was the first to propose a set of architectural 
signatures characterizing the ships of the Iberian Peninsula, with his seminal paper 
“The concept of the Atlantic vessel” (Oertling 2001), which highlighted the con-
struction of the Iberian ship as a paradigm. However, Iberian ships are still a largely 
unknown collection of ship types that cruised the oceans to and from the Iberian 
Peninsula from the fifteenth to the eighteenth centuries (Castro 2008).

ForSEAdiscovery is the first project funded by the Marie Curie program of the 
European Union aimed at an interdisciplinary study on modern history and mari-
time archaeology. Its objectives were based on a trans and interdisciplinary method-
ological and theoretical perspective to investigate the supply of wood for shipbuilding 
in the Iberian empires between 1500 and 1800. The origin and reason for the project 
revolves around thousands of fragmented stories shipwrecks and the problem of the 
scarce nautical and underwater archaeology that makes a historiographical revision 
necessary as well as to explain the reasons for this interdisciplinary history. The 
prevailing historical context forms a time-space framework of undoubted transcen-
dence due to the wide commercial and financial networks related to the lucrative 
business of wood (the oil of the first global age), the master carpenters, delegates 
and servants of the crown, seafarers, suppliers, and many other agents whose 

1 Remains of the Shipwreck: An Introduction to the Iberian Maritime and Underwater…
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empirical presence becomes a reality both in the documentary sources collected in 
archives and in the remains of archaeological evidence found in wrecks. The naval 
history and narrative history behind the shipwrecks has hardly interested those who 
have intervened in archaeological sites. Unfortunately, most of the attention of his 
existence was on treasure hunters.

Studies have highlighted the focus of route logistics, the reason for the evolution-
ary perfection of shipbuilding techniques. The ForSEAdiscovery project has also 
drawn attention to the relationship between the maritime empire and capitalism and 
the plundering of natural resources, especially wood. The historical investigation 
allows us to know how the routes, places of origin, and networks of agents involved 
in the transport and use of wood were organized, from the forest to the shipyards 
(Varela Gomes and Trapaga Monchet 2017). There is already knowledge about this, 
especially regarding the transport of wood from North and East Europe to the 
Iberian Peninsula between the sixteenth and eighteenth centuries. Much is known 
about these networks, but little is still known about the timber monopolies that con-
stituted true global trade. We have organized this book into 26 chapters, organized 
along three main lines of research: history, dendrochronology, and archaeology.

Chapter 2 introduces the ForSEAdiscovery Marie Curie research project and 
explains the main goals of our multidisciplinary research. A special emphasis is 
placed on explaining in depth the meaning and scope of the project, which was a 
look into the importance of timber the basic source of energy and construction 
materials behind the European driven globalization of the early modern period. This 
project entailed a holistic approach and the coordination of a wide team of experts 
from both the hard sciences and the humanities. This interdisciplinary teamwork 
focused on the maritime cultural heritage, its historical significance, and its method-
ological and transdisciplinary relevance in relation with environmental sciences, 
necessary to understand the natural and patrimonial dimensions of the historical 
processes. In Chap. 3 author Ana Crespo Solana introduces the people and the net-
works of commerce of the Spanish Carrera de Indias. This chapter presents a short 
overview of the connections between ships, merchants, cargoes, harbours, and 
routes, and emphasizes the cosmopolitan nature of the intertwined interests of the 
merchants and the political power. Chapters 4, 5, and 6 discuss the shipbuilding 
traditions that flourished in the Iberian Peninsula during the late middle age and the 
early modern period. Chapter 4, by Filipe Castro, Marijo Gauthier-Bérubé, and 
Miguel Martins, is a short summary of what characterizes the ships of the Iberian 
Peninsula in this period. It presents the generally accepted sources for the Peninsula’s 
shipbuilding tradition – Mediterranean and North European – and details the evi-
dence behind these assumptions. Chapter 5, by Filipe Castro and José Virgilio 
Pissarra, presents a summary of the characteristics that characterize the most com-
monly mentioned ship types, with a special emphasis on caravels and galleons. 
Chapter 6, authored by Marcel Pujol y Hamelink, is a detailed history of the 
Medieval origins of Spanish shipbuilding.

Chapter 7 is authored by specialists Arnaud Cazenave de la Roche, Fabrizio 
Ciacchella, Cayetano Hormaechea deals with an important late sixteenth century 
Ragusan scholar, Nicolò Sagri, or Nikola Sagroević, who wrote several texts on 

A. Crespo Solana and F. Castro
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navigation and shipbuilding. The manuscript presented in this chapter is titled “Il 
Carteggiatore”, and includes an important section that offers an overview of Italian- 
influenced shipbuilding of the early modern period through the example of a typical 
merchant ship of that time, a nave, the method of calculating its tonnage, the making 
of sails and anchors. Chapters 8 and 9 address some of the problems of supply and 
demand of timber for shipbuilding. Chapter 8, by Germán Jiménez Montes, presents 
an interesting overview on the north European timber trading networks, and associ-
ated trades, related to naval provisions in Seville. Jiménez Montes details the devel-
opment of the Seville shipyards and the key role that the Low Countries, as well as 
Dutch, Flemish, and German agents, played in the trade between the Baltic and the 
Iberian Peninsula. Chapter 9, authored by historian Koldo Trapaga Monchet, pres-
ents a new and important overview of the provisioning of Portugal shipyards during 
the reign of king Philip IV (1621–1634). This chapter is an excellent and thorough 
account of this important period and its technological and logistical changes related 
to the shipbuilding industry.

Chapters 10, 11, and 12 analyse documents and vocabulary related to shipbuild-
ing in the dawn of the early modern age. In Chap. 10 Ana Crespo Solana presents an 
interdisciplinary approach to the study of shipbuilding in Modern Spain, combining 
archaeology and history as complementary sources for a better understanding of 
both the socio-institutional framework of fleets and navies and to the technical char-
acteristics of shipbuilding architecture. Chapter 11, authors present a summary of 
current knowledge on technical texts on shipbuilding. As these are rare before the 
Renaissance, the story of the evolution of watercraft in Europe in the two millennia 
before the appearance of the first shipbuilding treatises is regional and complex. It 
is not until the fifteenth century that the first technical texts describe the large 
European merchantmen, which start converging into a small number of types, shar-
ing the same characteristics because they were designed and built for similar func-
tions. Following up on the technical subject, Roberto Junco introduces and presents 
an early eighteenth-century manuscript in Chap. 12, written by a monk named 
Joseph de Ledesma after a voyage from Mexico to Rome. One of the earliest known 
maritime glossaries in Spanish, its importance is thoroughly explained in the 
author’s introduction.

Chapter 13 details a GIS application on sixteenths to eighteenth century ship-
wrecks. The authors present a georeferenced database framed within the context of 
the project ForSEAdiscovery. The general objective of this database is to cross-link 
historical information with dendro-archaeological evidence in order to date and 
provenance the wood used in Iberian shipbuilding, and to provide a large amount of 
shared data through GIS-oriented databases that further analyses. The authors 
emphasize the importance of special analysis for an historical understanding of the 
definition of the Iberian ship characteristics and their evolution. In Volume 2, Chap. 
1, Marta Domínguez Delmás, Sara Rich, and Nigel Nayling present a summary of 
the advances in dendrochronology in the Iberian Peninsula, during the last decade, 
and detail the challenges and strategies selected to develop this discipline. In Vol. 
2, Chap. 2 the author, Sarah Rich, ventures into theory and proposes a philosophical 
approach to the study of shipwrecks, “object-oriented ontology, to the study of ships 

1 Remains of the Shipwreck: An Introduction to the Iberian Maritime and Underwater…
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and shipwrecks in order to address commonly encountered, and overlapping, issues 
of mereology, identity, origins, and representation”. Volume 2, Chap. 3, by Miguel 
San Claudio, the director of the archaeological excavation of the Ribadeo ship-
wreck, a warship named Santiago de Galicia that ended its days in 1597, at the 
mouth of the Eo River. San Claudio describes how the particular geographical posi-
tion of Galicia, on the extreme west of Europe, made its coasts part of a number of 
important maritime routes and a theatre of operations during the religious wars that 
ravaged Europe during the sixteenth and seventeenth centuries. Two important ship-
wrecks lye on the coast of Galicia, namely San Jerónimo and Santiago de Galicia, 
both warships, galleons, which are providing the scholars with unique information 
about the life aboard the huge Spanish war galleons of this period.

Chapter 4 signed by Beñat Eguiluz Miranda, Marta Domínguez-Delmás, Koldo 
Trápaga Monchet, Miguel San Claudio, and José Luis Gasch-Tomás, is a study of 
the Ribadeo 1 shipwreck, or Santiago de Galicia (c. 1597), and the results of the 
2015 archaeological survey work, and the new historical research that was con-
ducted in Spanish archives to search for documents referring to the wreckage. The 
results of this multidisciplinary research led to the tentative identification of this 
shipwreck as Santiago de Galicia, a galleon built in Castellamare di Stabia, near to 
Naples, Italy, in the late 1580s or early 1590s, and sunk in Ribadeo in AD 
1597. Volume 2 Chap. 5 is authored by Ana Almeida, Tânia Casimiro, Filipe Castro, 
Miguel Martins, Alexandre Monteiro, and Rosa Varela Gomes, and presents a sum-
mary of the Belinho 1 Shipwreck project. The ship was found in the winter of 2014 
and exposed between 2015 and 2017 by a succession of storms which pushed tim-
bers and artifacts ashore. All timbers and artifacts were recovered, conserved, and 
curated by the archaeologists of the Esposende municipality. This chapter describes 
the present state of the research on this shipwreck and the collaboration between a 
large and diverse community of domain experts and the participating public. In Vol. 
2 Chap. 6, Milagros Alzaga García, Lourdes Márquez Carmona, Mercedes Gallardo 
Abárzuza, Nuria Rodríguez Mariscal, Josefa Martí Solano, Aurora Higueras-Milena 
Castellano, José Manuel Higueras-Milena Castellano, from the Underwater 
Archaeology Centre (CAS) of the Institute of Historical Heritage of Andalusia 
(IAPH), created in 1997 to investigate the Underwater Archaeological and Maritime 
Cultural Heritage of the Andalusian autonomous community. This chapter presents 
two shipwreck sites of Iberian tradition in the Bay of Cadiz, Andalucía – the San 
Sebastian and the Delta I shipwrecks—and analyses the date through documentary 
and archaeological sources. Volume 2 Chap. 7, by Nick Budsberg, Charles Bending, 
Nigel Nayling, and Filipe Castro, is a case study in field archaeology: The 
Highbourne Cay Shipwreck, an early sixteenth-century Spanish ship lost in the 
Bahamas. The authors revisit this shipwreck, which was looted and partially 
destroyed by treasure hunters in the 1960s, surveyed and partially excavated in the 
1980s, and revisited by the ForSEAdiscovery team in 2010s.

A. Crespo Solana and F. Castro
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Volume 2, Chap. 8 is an overview of the state of maritime archaeology in the 
Dominican Republic. The author, Carlos Leon Amores, presents a history of the 
policies for the submerged cultural heritage and the impact of treasure hunting on 
the country’s cultural heritage, and describes a set of important case studies of ships 
found around the coast. Volume 2, Chap. 9 is authored by Ana Rita Trindade, Marta 
Domínguez-Delmás, Mohamed Traoré, Nathan Gallagher, Sara Rich, and Adolfo 
Miguel Martins. It is an analysis of the timbers of the eighteenth-century frigate 
Santa Maria Magdalena, one of the case studies developed within the 
ForSEAdiscovery project. This interdisciplinary approach combined history, 
archaeology, and wood science to identify and characterize this ship. In Chap. 10 
José Luis Gasch-Tomás presents an overview of the so-called Manila galleons, 
which crossed the Pacific Ocean from 1565 to 1815 in a commercial route between 
Mexico and the Philippines that connected the two worlds and facilitated the 
exchange of goods, persons, and ideas between the two continents. Chapter 11, by 
Pablo Ortega del Cerro, is an overview of the maritime routes and the knowhow 
necessary to ensure a steady and safe flow of ships, cargos and people throughout 
the Spanish world. This chapter details the Spanish Navy effort to produce and dis-
seminate geographical and hydrographical knowledge, develop new maritime 
routes, and improve shipbuilding techniques in the second half of the eighteenth 
century.

Chapter 12 is authored by Gregory Votruba and explains the technological devel-
opment on the production of iron anchors from the second-millennium AD to the 
Age of Exploration. It is a thorough study of the construction changes faced by 
anchor makers from baton-assembled or laminated-beam anchors to lone-bar and 
then bundled-bars construction process. The author emphasizes the harness of 
waterpower as a determinant factor for the increase in size and weight of anchor- 
frames. Chapter 13, authored by world specialist Javier Lopez Martín, presents the 
study of the different types of cannon used during the first decades of the sixteenth 
century, and describes the reforms implemented on ships to increase the number and 
size of cannons carried. Lopez Martín explains the armament of merchantmen, the 
developments started in the Mediterranean, the introduction of gunports, and other 
aspects related to the protection of the valuable transatlantic cargoes.

This collection of papers ties a significant number of research strategies and 
developments pertaining to the study of the European seafaring history in the early 
modern period. It is intended as a holistic collection of looks and strategies and 
presents a kaleidoscopic approach to the study of a particular portion of the history 
of technology. The chronological scope of this book is quite wide, ranging from the 
late medieval period to the enlightenment. The wide range of research topics 
addressed results from the interdisciplinary nature of the ForSEAdiscovery project 
and beyond. As mentioned above, it was a look at shipbuilding, the technical and 
scientific knowledge necessary to conceive, build, and sail these great machines of 
the seas, and its influence on both forestry policies and the management of ship-
yards and docks.

1 Remains of the Shipwreck: An Introduction to the Iberian Maritime and Underwater…
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Chapter 2
A Paradigm of Inter and Multidisciplinary 
Research: The ForSEAdiscovery Project

Nigel Nayling and Ana Crespo Solana

Abstract The ForSEAdiscovery project, a Marie Curie Initial Training Network 
funded by the European Union, saw a multi-disciplinary group of experienced and 
developing young researchers collaborate on a wide-ranging project to address the 
question of how the expanding Iberian empires secured the forest resources required 
to supply their fleets of mercantile and military ships from the sixteenth to the eigh-
teenth centuries. This project aimed for a consilience between historians, archaeolo-
gists, and earth scientists in furthering our study of the synergies of shipbuilding 
technologies; forestry practice and regulation; timber selection, trade and supply; 
and developing innovative approaches to examining our pasts through dendro- 
archaeology in its widest sense.

1  Introduction

Arsenals have been widely using soft pine wood which can only be found in Northern 
countries. The quality of the pine wood from Navarra and Segura is second to none. The 
timber used for hinges (roldanas) and pulley wheels (pernos) all comes from America; 
black poplar trees from Spain are also widely used: oak can be found in Catalonia, Asturias, 
Biscaya and Santander; pine for masts and hull come from Burgos, Segura, Navarra and 
Seville, as well as holm and gall oak (quejigos) timber for ribs (cuadernas); beech wood 
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(hayedos) comes from the Pyrenees and Asturias. Even if we regard these forests as 
depleted, your majesty’s vast forests in America appear endless1

For centuries the knowledge of shipbuilding has been considered a science subject to the 
development of local industries. In fact, local tradition and regional studies have 
marked the historical and archaeological studies on naval architecture and the 
evolution of the modern ship. This report written in 1802 by the sailor and last viceroy 
of New Spain, Juan Ruiz de Apodaca, reflects, however, a global vision of the origin 
of the main resource used in shipbuilding: wood and its provenance was an 
experimental science marked by the geographical changes and the nature of a resource 
that consists of a flexible and resistant material with which the different types of trees 
generate their trunks, growing year after year through a system of concentric and 
circular layers (tree-rings). There are multiple types of wood, whose characteristics 
vary enormously. But in general terms, it is an extremely useful material for human 
beings, who have used it since ancient times. Wood is an abundant, renewable, 
inexpensive, and easy-to-work raw material that, processed in the correct way, can 
withstand the onslaught of time for many years, in addition to, when used in 
construction, it offers a feeling of warmth and ancestral protection, for which it is a 
fundamental element in almost all human industries (Adams 2018). In its structure, 
the wood has an outer and inner bark (or cambium), sapwood (Albura, in Spanish 
terms), its central part or nuclei and a pith. There are many types of woods depending 
on their properties and appearance. The master ship carpenters knew these 
circumstances and characteristics empirically, and they developed a science to use in 
order to develop the most precise architectural techniques and avoid the susceptibility 
of wood to any action by environmental elements. During the sixteenth to eighteenth 
centuries an empirical science on forests was developed in order to know the anatomy 
of trees, their organography, devices were invented to determine the resistance of 
wood to bending and traction, all in order to use the resources of the forest in the main 
driving force of the maritime empires: the ship and its architectural science.

2  Historical Background

The European voyages of discovery and the connected seaborne European expansion 
of the fifteenth and sixteenth centuries were overwhelmingly dominantly carried out 
by Spain and Portugal. Both kingdoms build their own intercontinental empires with 
settlements and colonies in Africa, Asia, and America. In the seventeenth century the 
Iberian powers encountered stiff competition by the Dutch, the English, and the French 
and in the eighteenth-century Great Britain gained imperial primacy and dominance of 
the seas. Nevertheless, Spain and Portugal retained their American and Asian colonies 
and maintained their maritime connections with them throughout the early modern 
period. Oceangoing ships were the only means of communication and transport 

1 Juan de Apodaca, Report. “Informe que Don Juan Ruiz de Apodaca, brigadier del Real Arsenal de 
la Carraca dio a la Junta del Departamento de Cádiz, como vocal de ella, sobre el surtimiento de 
efectos para los reales arsenales de S. M.” 23 de abril de 1802. Imprenta Real de la Marina, Isla de 
León, 1806.
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between the near and distant parts of the Iberian empires. To build and maintain these 
vessels Portugal and Spain needed large amounts of timber, predominantly oak 
(Quercus spp.) and pine (Pinus spp.) but also many other species that were used to 
make various parts of the ship, and that are mentioned in Apodaca’s text. Nevertheless, 
the question where that timber had been produced has hardly been asked and even less 
researched. Also, historiography has neglected the study of the influence that the com-
mercial, maritime, and colonial European expansion had in the use of forests resources. 
Up to date, a few relevant works exist that relate expansion and deforestation, but their 
coverage of the Early Modern Period focuses on the eighteenth century, leaving refer-
ences to sixteenth and seventeenth century brief and shallow (Albion 1926; Perlin 
1989; McNeill 2004; Warde 2006). Inedited written sources are still available in cer-
tain geographic areas which may shed light on these relationships, especially those 
documentary sources derived from the efforts carried out by the Superintendency of 
mountains and plantations (Superintendencia de montes y plantíos) dedicated to man-
aging the forest masses for the Navy and the Marine Departments (Departamentos de 
marina), created in 1724 for the administration of the forests of the Iberian Peninsula 
divided by provinces (Martínez González 2015; Wing 2015).

Historical studies have provided some theories about shipbuilding in the Hispanic 
Monarchy, including the age of the Iberian Union between the two crowns of 
Portugal and Spain (1580–1640). But what does History say about it? And what 
kind of innovative perspective could be offered by an interdisciplinary project? 
History of shipbuilding in Spain has developed around specific topics around dock-
yards stories and naval policies with only a few mentions of the use of timber and 
how wood had an influence on naval construction stages. A quantitative analysis of 
the frequency of topics on Spanish Naval History show that only the 11% of research 
works have been made about ships and shipbuilding and the majority of studies 
focused on exploration and colonies, navigation, naval battles, and biographies. 
Nevertheless, there is some important research about shipyards with particular 
focus in the eighteenth century. In fact, the eighteenth century sees new policies 
implemented for the construction of shipyards and arsenals (Cádiz-La Carraca 
1717; La Graña and Ferrol 1726; Cartagena in 1728) and the new maritime depart-
ments were organized in which all timber supplies for the navy was arranged 
(Casado Soto 1991; Valdez-Bubnov 2018; Valdéz-Bubnov 2019). In the second half 
of the seventeenth century shipyards were built in Gibraltar with the cooperation of 
the British merchant in Cádiz (Serrano Mangas 1992). Also relevant was the cre-
ation of shipyards in colonial America, where it seems that many vessels used in the 
Indies were built, especially in Havana and in Guayaquil (Laviana Cuetos 1984; 
Serrano Alvarez 2008). Also, Galician ports on the Cantabrian seaboard had long 
enjoyed a prosperous relationship with Andalusian partners around wood trade for 
naval purposes as well as for making kegs and barrels. From Ribadeo and Viveiro 
wood was regularly shipped to Seville and Cadiz throughout the seventeenth cen-
tury. The skippers were not from Galicia, and Portuguese merchants were also 
involved, especially until 1615. After that year, ships from England, the United 
Provinces, Lübeck, Hamburg, and Rotterdam, were introducing timber in Spanish 
ports. Cantabrian ports and Galicia became the most important shipbuilding area of 
the sixteenth century, with the well-known dockyards of Guarnizo. The location of 
Guarnizo as particularly suitable for shipyard site appears to be closely linked to the 

2 A Paradigm of Inter and Multidisciplinary Research: The ForSEAdiscovery Project
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figure of Cristóbal de Barros (Superintendente de Fábricas, Montes y Plantíos), 
Superintendent of Factories, Forestry, and Plantations on the coast of Cantabria, 
whom Philip II in 1581 commissioned a series of nine galleons for the defence of 
the Indies (Martínez González 2015).

Since the Middle Ages, merchants from Guipuzcoa, Alava, and Vizcaya devel-
oped profitable trading activities with the North of Europe and their shipbuilding 
industry grew accordingly. From this area trade with other areas in the Cantabrian 
seaboard and beyond also flourished at Ribadeo, Llanes, San Vicente, and other 
ports in the Santander province. Their trade networks reached the Galician ports and 
soon after Oporto and Lisbon in Portugal and an important route to Andalusia soon 
began from the Basque Provinces. Soon afterwards important trade networks 
reached Barcelona, Genoa, Sicily and Sardinia. Basque fleets carried Castilian 
wool, wine and other produce to Flanders- Bruges and Antwerp- and the ports that 
changed hands from the English to the French, such as Bayonne, Bordeaux, La 
Rochelle, Harfleur, and Rouen. The Hanseatic ports were reached soon afterwards. 
This trade was regulated by the Bilbao Municipal Ordinances.2 In the sixteenth 
century almost all sea villages in Cantabria boasted a working shipyard although the 
most important were at Colindres and Guarnizo, in which the largest galleons at the 
time were built. As a result of Cristóbal de Barros being appointed by Philip II to 
revitalize naval construction in the Cantabrian yards, it was there where most of the 
royal armadas sent against England were built. The shipyard at Folgote, established 
in 1475, became a Royal Shipyard in 1618. It was thought to be well defended from 
enemy attacks as it was located at the bottom of Santoña Bay. However, as a result 
of being placed under attack by the French in 1639, activity dwindled and was trans-
ferred to Guarnizo like other Cantabrian shipyards. Apparently Guarnizo was the 
yard in which La Pinta was built, as well as many other vessels among the largest at 
the time. As for naval construction, it is worth highlighting the conservationist pol-
icy applied by Philip II, reflected in his Royal Ordinances, and later copied by the 
English. Such policy ensured the sustainability of the forestry resources to be used 
in shipbuilding, the vast forests in Northern Spain. When this policy was later aban-
doned in the eighteenth century, a rapid degradation of the Cantabrian forests took 
place, almost to the point of total depletion.

3  The ForSEAdiscovery Methodological Framework

In order to build a historical-archaeological narrative of the origin of wood in 
Hispanic shipbuilding, several theoretical meanings have been raised in the research 
work of the ForSEAdiscovery project. Various theories and hypothesis have pro-
duced important results, some of which are explained throughout these two 

2 Bilbao Municipal Ordinances, 1477–1520. Medieval documental sources from the Basque 
Country in a 1996 edition.
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volumes. Firstly, studies of social and economic theory about the relation between 
forestry resources and the competition among maritime empires must be made 
within this perspective on network cooperation and competition for organizing 
political and economic behaviour around forest resources and in the so-called 
Environmental History (Crespo Solana 2019). The ForSEAdiscovery project has 
tried to take research on the matter a few steps further in order to answer some 
important questions related to understand the ecological history of the Iberian for-
ests and to explain to what extent and how the Iberian powers succeeded in main-
taining the size and quality of their fleets. Key questions to be addressed in this 
context are: could Iberian forest resources sustain this increasing demand for timber 
or was the wood imported from elsewhere? If so, how were the trade networks orga-
nized? Did a scarcity of raw materials encourage the technological changes which 
occurred in shipbuilding in the sixteenth century or were they a result of socio- 
technological exchange between Mediterranean and Atlantic shipbuilding tradi-
tions? Did demand for timber lead to sustainable changes in forestry practice in the 
Iberian Peninsula or deforestation and increased dependence on imported material? 
Where had the timber which was used for building the ships of the Iberian fleets 
been produced? The case of the “Iberian Timber” is related to the arsenals and cages 
built in maritime-port areas and their link with the forestry logistics of the Iberian 
Peninsula where forestry management and timber felling were carried out. In vari-
ous historical stages, institutions for good governance and forest exploitation were 
created, such as the Superintendency of Forests, the Maritime Departments or other 
offices such as the “Real Negociado de Maderas de Segura” (a bureau specialized in 
management timber in Sierra de Segura in Spain).

An added value of the ForSEAdiscovery Project is that it has tried to relate the 
history of naval construction and the progress of the Atlantic maritime trade with 
deforestation and the value of timber resources, and to find out if all this had an 
impact on the shipbuilding between the sixteenth to the eighteenth centuries. A line 
of research also has been developed regarding the theoretical framework of the 
social, economic, and politico-administrative framework in which the collection, 
commerce, distribution, and utilization of the forest resources were carried out, but 
also about the purveyance of timber used in shipbuilding, and the merchant net-
works behind this trade, getting to know the policies on naval construction in the 
period and their impact on the distribution channels of the forest resources. The 
secular relationship between the forest and the appropriation of its resources by 
agents and political powers, the use of wood for shipbuilding affected forest regula-
tions (Crespo Solana 2016; Varela Gomes and Trapaga Monchet 2017).

Perhaps one of the most obvious lines of research in this project has been to 
identify a methodological connection between the information offered in the his-
torical sources and the archaeological evidence with chemical and laboratory meth-
ods in order to establish new knowledge for the study of the woods used in 
shipbuilding. As the document cited at the beginning of this chapter exemplifies, 
historical data offers a wealth of references and empirical data from which to start 
building an authentic catalogue of historical woods. Apodaca wrote a short but very 
illustrative report on the types of wood and their provenance that should be used for 
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each part of a ship. This text is perhaps one of many discourses that were already 
present in the writers and navigators’ documents from the sixteenth century, and in 
the debates of the “Juntas” (Boards) on shipbuilding that took place in Spain and 
Portugal’s government at various times. This, and other unpublished documents on 
the latent existing concern about the origin of the wood was, in fact, a question of 
the first magnitude for the political administrations in Spain and Portugal from the 
very beginning of the overseas expansion. These discourses on the utilitarianism of 
wood were parallel to the learning of the oceanic experience of Spain and Portugal 
and served to create the design of the so-called Iberian ship, present in literature and 
maritime historiography and to which several chapters are dedicated in this book 
(Chaps. 4, 5, 6, 7, 8, 9, 10, 11, and 12).

Part of the timber employed in local shipyards and naval industries was extracted 
from Iberian forests but significant quantities of timber were imported (Reichert 
2016; Gallagher 2016; Gasch-Tomás et  al. 2017; Kumar 2018; Jiménez Montes 
2020). Despite the repeated protectionist policies of the Spanish Crown for the ships 
to be “national” Spanish; that is, owned by Spaniards and built in the Iberian 
Peninsula with Iberian timber, the very historical evolution of the Hispanic 
Monarchy, ruled by the Flemish-German Habsburg dynasty and which, for a time 
also, ruled Portugal, made the navies and fleets always depend on the provision of 
foreign resources. Several factors (which are analysed) in the works present in this 
book, such as the consolidation of mercantile capitalism, supported by a continuous 
background of wars, especially wars at sea, and the formation of extensive com-
mercial and financial networks that controlled production and transportation of tim-
ber, made the Spanish Crown always dependent on a large-scale global trade, and 
even dependent on its enemies, who brought the timber into Spanish ports with the 
collusion of local authorities and through intermediaries. Consequently, sea power, 
forestry, and international trade became inextricably linked. From the historical per-
spective we have carried out new historical research that enabled us to identify for-
est regions in the Iberian Peninsula from where timber has been extracted for 
shipbuilding (Varela Gomes and Trapaga Monchet 2017; Trápaga Monchet 2019a, 
b). In relation to wood provenance sciences, the knowledge of how the historical 
“montes de marina” was managed by the political institutions and local administra-
tion is crucial in order to create reference chronologies (with “living trees” and 
historic buildings) for dating and identifying the origin of timber. Some works car-
ried out by members of the team have delved, precisely, into this interdisciplinary 
narrative on the history and evolution of the naval models of the Iberian empires in 
the context of maritime expansion, the politicization of forest resources, the global 
timber trade and its environmental causes and consequences from the sixteenth to 
eighteenth centuries. Some results refer to the relationship between forest adminis-
tration and shipbuilding regulation. The characteristics of the original regions from 
which wood was extracted have also been established, not only from the “montes de 
marina” but some “Reales Sitios” (Royal Sites) have also been included, as well as 
other areas close to coastal maritime sites, mountains, and pastures, all in Andalusia 
and the Basque Country, important centres of shipbuilding, where various shipyards 
were located (Trindade 2015; Jiménez Montes 2016).

N. Nayling and A. Crespo Solana
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The various causes of forest exploitation in locations directly administered by 
the Crown, such as the so-called Soto de Roma (in Fuente Vaqueros, Granada), and 
in the regions of Asturias, Cantabria, Galicia, or large areas of Portugal have also 
been analysed. Data collected from these spatial studies allow us to know the strong 
pressure that both the Crown and the local noble and ecclesiastical elites had on the 
Iberian forests, as well as the commercial networks themselves, which tried to orga-
nize from very early on a reorganization of forest resources and regions that over-
sized the areas established by the later (and curiously late) regulations on the marine 
mountains and the creation of the Maritime Departments between 1726 and 1748.

4  Interdisciplinarity

The methodological framework of the ForSEAdiscovery project also implies an 
interdisciplinary training programme to increase the background and experience of 
researchers in interdisciplinary techniques. Research has produced reference datas-
ets comprising historical, archaeological, and wood science data such as dated ring- 
width series (Crespo Solana et al. 2018; Rich et al. 2018; Domínguez-Delmás et al. 
2019). Dendro-archaeology, as well as the techniques for the study of the origin of 
the wood, has been used to analyse the timber found in numerous suspected Iberian 
shipwrecks investigated as part of the suite of scientific activities of the project. This 
discipline allows dating of archaeologically recovered wood to determine the year 
in which the trees were felled, transported, and used in the construction of ships 
(Nayling 2008). This complements the historical knowledge of these wrecks and 
allows the validation of the information extracted from documentary sources, which 
is applied for the first time in the field of Spanish and Portuguese naval history. 
Related to this, it is important to know how the timber trade networks were orga-
nized from the production areas. The main problem raised in the project refers to the 
different origins of the wood located in wrecks and the large amount of information 
available in historical databases on how wood was transported from North and East 
Europe to the Iberian Peninsula between the sixteenth to eighteenth centuries, 
something that is undoubtedly related to the speculation that at the time itself was 
had on forest resources (see Vol. Chap. 1, 3, 4, 5, 7, and 9). Historical documents 
can link information with dendro-archaeological analysis. Their study certainly 
contributes very much to increasing our insight. The scope of these sources and the 
information they produce, however, are, as so often is the case, limited. Therefore, 
ForSEAdiscovery has explored a combination of three sets of additional methods to 
gain a better insight into the matter. This combination of methods involves archaeol-
ogy, dendrochronology, and wood chemistry. It aims at determining the provenance 
of the timber of wrecks of relevant Iberian ships: where and when grew the trees that 
were processed into this timber? Archaeological research enables us to identify rel-
evant wrecks and to take samples from their wooden parts. Dendrochronology and 
wood chemistry enable us to analyse these samples and possibly determine their 
provenances.

2 A Paradigm of Inter and Multidisciplinary Research: The ForSEAdiscovery Project
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An inventory of the historical and geographical sources on wood supplies 
(sixteenth- eighteenth centuries) has been produced, which serves as the basis for 
knowledge about the sources of tree species, especially oak and pine and other 
woods most used for shipbuilding. This literature catalogue has been carried out in 
different archives in Spain, Portugal, and other European countries. In this way, we 
know a large part of the wood acquisition process, its selection, trade, and transport, 
as well as the management practices and specific laws enacted to sustain and protect 
forest resources. This research has been the subject of two doctoral theses within the 
project and 4 individual research works. The information has been enriched with the 
comparison, where appropriate, with databases, such as The Sound Toll Registers 
Online.3 And they have also used the databases on historical and archaeological 
shipwrecks of the repositories The ShipLAB (TAMU A&M), DynCoopNetData 
Collection (or CrespoDatabase Atlantic Trade), which are currently: NADL (The 
Nautical Archeology Digital Library) and the DynCoopNet-ForSEAdiscovery 
interface and web viewer of the CSIC’s GIS Laboratory. (Gallagher 2016; Kumar 
2018; Trindade et al. 2020) (see Chap. 13 in this book).

The GIS model integrates and combines information from the different disci-
plines involved in the project (history, archaeology, the provenance of wood) to 
provide a tool for the study of the use of forest resources. The ForSEAdiscovery 
database not only integrates data from the aforementioned pre-existing databases 
(whose data have already been conveniently inserted) but has also been enriched 
with a large amount of data from various information sources related to historical 
(with historical data on each ship) and archaeological vessels (with data on exca-
vated wrecks and archaeological information. In these wrecks we have proceeded to 
collect samples of structural wood in order to compare it with dendrochronological 
analyses of woods made in laboratories. These wood samples have been obtained in 
fieldwork with living trees and in historical buildings. These data are being pro-
cessed to be entered in the GIS, although so far there are at least three databases 
interspersed with various ship and shipwreck mappings. The result of this GIS and 
ForSEAdiscovery database thus integrates information from three different disci-
plines, but strongly related in terms of data. The historical analysis also offers us an 
overview of what the process-model of wood provision in shipyards for shipbuild-
ing was like. It must be taken into account, however, that this process varied through-
out the three centuries studied.

5  Archaeological Research

A fundamental debate undertaken with the whole project team at the very beginning 
of the ForSEAdiscovery project considered what we might consider to be an Iberian 
ship. A number of definitions were forthcoming which helped to define the scope of 

3 http://www.soundtoll.nl/index.php/en/over-het-project/str-online.
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the project with regard to which shipwrecks might be considered for multi- 
disciplinary study. Definitions proposed included:

 1. Iberian based on construction characteristics. Whilst Oertling (2001, 2004) and 
others have attempted to define a series of traits or architectural signatures which 
could characterize carvel-built ships of the fifteenth and sixteenth century con-
structed by Iberian shipwrights (the so-called Iberian Atlantic tradition), it has to 
be accepted that many of the shipwrecks included in this category have not been 
definitively proved to be Iberian, and indeed a number of these traits are present 
in ships which have proved not be Iberian (e.g. Gresham Ship: Auer and Firth 
2007; Maarleveld et al. 2014). In the later centuries of the early modern period, 
we know, historically, that significant developments in ship design and construc-
tion occurred with well documented examples of both English and French influ-
ences certainly during the eighteenth century if not before. The developing Early 
Modern Shipwrecks database hosted by Filipe Castro at Texas A & M University 
(a ForSEAdiscovery project partner) proved an invaluable resource in identify-
ing shipwrecks of suspected Iberian origin based on construction features. 
Chapters 4 and 6 provide up-to-date overviews of our present understanding of 
the beginning of carvel construction in Iberia and its development during the 
early modern period.

 2. Iberian based on timber usage. Such a definition would require the ship to be 
built largely or completely from timber derived from trees which had grown in 
the Iberian Peninsula. This definition was clearly preferred from a dendrochro-
nological and wood science perspective where the application of such techniques 
would depend on the development of reference datasets from geographical areas 
within the Iberian Peninsula known to have supplied timber for shipbuilding. 
Conversely, we might hope/expect to be able to identify oak or conifers imported 
from Northern Europe given the existence of a growing dense network of ring- 
width chronologies from these areas. The scope of the ForSEAdiscovery project 
was ambitious enough in hoping to develop regional ring-width and other refer-
ence datasets in the Iberian Peninsula. It was felt that attempting to address the 
use of timber from the expanding Iberian empires (e.g. Asia and the Americas) 
was certainly too ambitious. This definition raised a critical sub-question could 
oaks of specifically Iberian distribution be identified through wood anatomy or 
other methods?

 3. Iberian through commission. The Iberian empires, by definition, expanded 
beyond domestic territories to include lands in the Americas and Asia, and also 
possessions around the Mediterranean (e.g. Italy) and the North Sea (e.g. the 
Netherlands). A ship might be built by a decree of the king of Spain or through 
“asientos”—where private funding was made available to the State on loan—to 
serve in war missions under the Spanish crown, even if the ship was built in a 
foreign shipyard and using timber from distant regions. Equally, ships might be 
purchased or leased from foreign powers for military campaigns (e.g. the 1588 
Armada).
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Therefore, targeting the archaeological research of the ForSEAdiscovery project 
depended on effective collaboration with both historical and wood science researchers 
within the project team. It should perhaps be stressed that this Marie Curie project 
focused on the training and development of the participating fellows. Hence the research 
actions undertaken needed to be balanced against achievable goals within the context of 
numerous Ph.D. studies, and the development of the archaeological dive team in terms 
of competence, experience, and qualifications. From the outset, the aspiration was to 
undertake selective archaeological investigations, predominantly of underwater ship-
wreck sites where sufficient structural remains of the hull were already relatively well-
exposed or being excavated by collaborating external teams/projects.

Given the desire of the wood science team to have “control sites” where the iden-
tities of the vessels were known or suspected, and hence historical research could 
clarify the origin of timber used in their construction, three sites in Galicia were 
selected for investigation with co-ordination by Archaeonauta SL as an associate 
partner in autumn 2015. The French corvette Bayonnaise (launched 1793, grounded 
and burnt 1803), located off Langosteira beach, Finisterre provided an excellent 
training ground for the dive team being located in relatively sheltered, shallow 
waters. A small area of the hull structure was dredged of overlying sand, recorded 
with a range of techniques including photogrammetry, and then sampled. This exer-
cise provided the team with the opportunity to test and refine recording, and sam-
pling procedures and put their professional diving training into practice. The second 
site studied, Santa Maria Magdalena (launched 1773 wrecked 1810), was investi-
gated with the assistance of the Spanish Navy’s Historic Diving Unit. This investi-
gation is presented as a multi-disciplinary case study in Vol. 2 Chap. 9 which details 
the combined historical, archaeological, and dendrochronological studies under-
taken and initially presented at the IKUWA6 conference and subsequently pub-
lished in its proceedings (Trindade et  al. 2020). Diving conditions were more 
challenging with more variable visibility and a more extensive site to sample. The 
third site, a most substantial wreck site first noted in the approaches to the port at 
Ribadeo in advance of dredging in 2010, was thought to be a vessel associated with 
the 1596 Armada. Again, the results of multi-disciplinary research on this ship are 
presented in both Vol. 2 Chap. 3 (authored by the lead archaeologist Miguel San 
Claudio) and Vol. 2 Chap. 4 (presented by a multi-disciplinary team at IKUWA6, 
Eguiluz Miranda et al. 2020). The dive team, with increased experience, came to 
terms with a site with relatively narrow dive windows due to the distinctly tidal 
conditions in the estuarine location. This site, potentially threatened by existing port 
activity and possible expansion, has become the subject of a sustained project led by 
Archaeonauta SL with support from the Junta de Galicia, the Spanish Navy and the 
Institute of Nautical Archaeology. In subsequent years, diving operations on the 
Yarmouth Roads wreck in the Solent, UK led by project partner Maritime 
Archaeology Ltd. pushed the dive team further on a designated historic wreck site 
with very poor visibility and exacting tidal flows (Rich et al. 2020). This site, sub-
ject to earlier excavations in the twentieth century, could be the Santa Lucia, an 
Iberian merchant vessel lost in 1567 off the coast of the Isle of Wight (Watson and 
Gale 1990; Dunkley 2001; Plets et al. 2008; Traoré et al. 2018). Samples taken from 
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the wreck sites of Bayonnaise, Magdalena, and Ribadeo provided material for the 
wood science team on which to test and develop their techniques.

The archaeological team also sought to investigate shipwreck assemblages of 
suspected Iberian ships which had been previously excavated or, in the case of the 
Belinho 1 wreck, recently discovered through storm action. The Belinho 1 ship-
wreck assemblage, washed onto the beach north of Esposende in northern Portugal 
in the winter storms 2014 and onwards, comprised hundreds of artefacts, and over 
70 substantial ship timbers. The recording and sampling of this assemblage was 
undertaken by an archaeological team led by ForSEAdiscovery partners in 2015 
followed up by marine survey and diving operations which located the in situ ship-
wreck from which this material had been eroded. This project (considered in detail 
in Vol. 2 Chap. 5) provided an opportunity to blend various developing forms of ship 
timber documentation including traditional direct measurement and scale drawing 
alongside multi-image photogrammetry and Faro Arm contact digitisation and the 
inclusion of systematic collection of dendro-archaeological data from the full tim-
ber assemblage (see Vol. 2 Chap. 1). 

The nautical archaeology potential of historic reports is perhaps best exemplified 
by the case study of Lisbon where development over decades has repeatedly led to 
the discovery of significant shipwreck sites. In addition to re-examining some of 
these assemblages held in storage (e.g. Cais do Sodre), ForSEAdiscovery also col-
laborated with teams undertaking post-excavation documentation of ship timber 
assemblages such as the Boa Vista 1 and 2 ships (Fonseca et al. 2016) and ran work-
shops to heighten awareness of dendro-archaeological techniques and research 
potential particularly where urban development in Lisbon is producing new sites. 
The Delta development in the approaches to the port of Cadiz (see Vol. 2 Chaps. 1 
and 6) led to the investigation of three shipwrecks of historic interest. Samples from 
Delta 1 and 2 were studied by ForSEAdiscovery researcher Marta Domínguez- 
Delmás (Domínguez-Delmás and García-González 2015; Dominguez-Delmás and 
García-González 2015), and ForSEAdiscovery partner Nigel Nayling dived on the 
Delta 3 site to recover samples which demonstrated that this ship was probably 
Dutch-built and dated to the late-sixteenth century (Domínguez-Delmás and 
Nayling 2016). Again, this collaboration with major development-led archaeologi-
cal projects demonstrated how dendrochronology can effectively be integrated 
within archaeological projects.

The ForSEAdiscovery project also took the opportunity to collaborate with 
active research programmes on suspected Iberian ships. Renewed research action 
on the Highbourne Cay shipwreck, Bahamas, one of the suspected Iberian ships 
included within Oertling’s original grouping of Atlantic vessels, was subjected to 
renewed excavations in 2017. Two members of the ForSEAdiscovery archaeology 
team (Nigel Nayling and Miguel Adolfo Martins) formed part of the excavation 
team and undertook observation of in situ timbers and selective sampling and analy-
sis (see Vol. 2 Chaps. 1 and 7). Similarly, samples from the 2017 excavations on the 
Emanuel Point II shipwreck (one of the wrecks of the Luna expedition wrecked off 
the Pensacola, Florida coast in 1559) were provided by the University of West 
Florida team, and further samples of the EP II and III shipwrecks were collected by 
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Nigel Nayling during the 2018 excavations (see Vol. 2 Chap. 1) (Smith 2018; Bendig 
2018; Worth et al. 2020).

Beyond site-specific research actions, and the delivery of samples to the wood 
science team, archaeological research within the ForSEAdiscovery project also sup-
ported development of protocols and techniques for shipwreck dendro- archaeological 
documentation and sampling (Rich et  al. 2018; Domínguez-Delmás et  al. 2019; 
Rich et al. 2020), and assisted in the broader ongoing project to develop databases 
of known early modern Iberian shipwrecks at a global scale (see Chap. 6). 
Dissemination to academic and professional colleagues was undertaken primarily 
through engagement with key international conferences, including the International 
Symposium on Boat and Ship Archaeology in Gdansk 2015 and Marseille 2018 
(Litwin and Ossowsky 2017), and the International Congress on Underwater 
Archaeology (IKUWA) in Cartagena 2014 and Freemantle 2016 (Negueruela 
Martínez et al. 2016; Rodrigues and Traviglia 2020).

6  Dendro-Archaeology: Wood Provenance and Techniques

In summarizing the range of wood science approaches and results of the 
ForSEAdiscovery project, this section unashamedly draws on recent technical pub-
lications and reviews authored by members of the ForSEAdiscovery wood science 
team (Domínguez-Delmás 2020; Domínguez-Delmás et al. 2020) The application 
of dendrochronological techniques to shipwreck assemblages, as a method both for 
precise dating of the timbers felled for the ship’s construction, and to attempt to 
identify the origin of the timber used (dendroprovenance) has become widespread 
particularly in northern Europe where a dense network of ring-width site masters 
and regional chronologies have been developed over the last half century. The tem-
poral extent and geographical density of these reference chronologies is variable 
and, when considering the early modern period, tends to be most well-developed in 
regions where there have been long-running programmes of dendrochronological 
analysis of historical buildings. The organization of these data has allowed for the 
development of procedures of varying levels of dendroprovenance resolution (Daly 
2007). The use of ring-width data alone for provenance of timber is not, however, 
without its challenges as local site conditions, such as aspect, soil, and altitude can 
prove significant variables in tree growth—sometimes as significant as climatic 
variables – leading to potentially misleading results (Bridge 2000, 2011, 2012). The 
ForSEAdiscovery project, in seeking to both date and provenance timber employed 
in early modern Iberian ships faced several challenges. The use of dendrochronol-
ogy, for historical studies, within the Iberian Peninsula was, and still is, less well 
developed than in other parts of Europe (Domínguez-Delmás et al. 2015). The rela-
tive paucity of reference ring-width chronologies covering the last five centuries for 
the Iberian Peninsula is a fundamental problem. This relative lack of data could not 
be addressed within the life cycle of single research project—the large number of 
historical tree-ring chronologies in northern Europe have only been developed 
through decades of sustained work by a large number of research centres and 
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laboratories. The ForSEAdiscovery strategy was to seek to develop selected ring-
width regional chronologies in areas known to have provided timber, predominantly 
oak and pine, for shipbuilding during the early modern period. This research effort 
would be complemented by developing other analytical techniques which could 
assist in refining provenance in timber by integrating ring-width dendrochronology 
with studies in wood anatomy, wood chemistry, isotopic studies, and ancient DNA.

As part of a precursor project, samples from one of the shipwreck assemblages 
held in store in Lisbon, the Arade 1 shipwreck, were subjected to dendrochronologi-
cal analysis (Domínguez-Delmás et al. 2013). Some of these timbers, and also sam-
ples from the Cais do Sodre shipwreck, had previously been identified, on wood 
anatomy grounds as Quercus faginea, an oak species with a predominantly Iberian 
geographical distribution (Castro 2006; Castro et al. 2011, Tables 2–4). Ring-width 
dendrochronology clearly demonstrated that the Arade 1 oak timbers derived from 
western France, well outside the natural distribution of Quercus faginea and calling 
into question these identifications. These results challenged the use of microscopic 
wood anatomical features alone to discriminate between the native deciduous spe-
cies of oaks found in the Iberian Peninsula and, in some cases, elsewhere (Q. robur, 
Q. petraea, Q. pubescens, Q. faginea, Q. canariensis, and Q. pyrenaica). The impli-
cation was that, based on standard methods of microscopic wood identification (e.g. 
Schweingruber 1990), these deciduous oaks should be identified only to a subgenus 
level (Quercus subg. quercus). This raised the question—how might we discrimi-
nate between this group of deciduous oak species, which also tend to hybridize, and 
hence assist in the identification of timber of specifically Iberian origin?

One approach taken was to examine variations in tree growth rings other than ring-
widths (Akhmetzyanov 2019). Using samples from oak forest stands in the Basque 
Country (six sites) and Cantabria (three sites) in Northern Spain, total ring- width, 
earlywood and latewood widths, and earlywood vessel area were measured 
(Akhmetzyanov et al. 2019). Using principal component analysis, it was concluded 
that combined use of earlywood vessel size (varying response to winter and spring 
temperature and hence reflecting latitudinal/topographic gradient) and latewood width 
(varying response to summer temperature) provided the best results in identifying 
growth site location. These additional tree-ring variables, most usually collected in 
studies seeking to reconstruct past climate, therefore could have a role in refining 
dendroprovenancing of timber found in historic buildings and archaeological sites 
such as shipwrecks and could also assist in discriminating between the different spe-
cies making up the subgenus group of deciduous oaks (Quercus subg. quercus). As 
new methods of non-destructive extraction of tree-ring data from historic material 
continue to develop, the enticing prospect of being able to collect these data types 
through use of scanning technologies like MRI, which has the potential to extract digi-
tal slices from both waterlogged and conserved archaeological timber, may soon 
become a reality (Morales et al. 2004; Dvinskikh et al. 2011; Capuani et al. 2020). The 
use of annually resolved Blue Intensity (BI) measurements of tree-rings has tradition-
ally been used as a proxy for extracting climate data from tree-rings, normally from 
conifers. Principal Component Gradient Analyses (PCGA) of BI measurements of 
black pine (Pinus nigra Arn.) and Scots pine (P. sylvestris L.) on the Iberian Peninsula 
undertaken by Akhmetzyanov et al. (2020b) demonstrated that this approach can also 
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be used to refine the dendroprovenancing of softwoods from Andalucia and the 
Central System used for shipbuilding for centuries.

Chemical signatures within wood and timber offered the project a further poten-
tial approach in refining our ability to identify the geographical source of timber and 
the species of trees being exploited – the latter not always possible through tradi-
tional visible light microscopy especially for some species which we know, from the 
historical record, were important resources for Iberian shipbuilding. Traoré, using 
mainly a combination of pyrolysis in combination with gas chromatography and 
mass spectrometry (Py-GC–MS) and Fourier transform infrared spectroscopy 
(FTIR) noted the ability to characterize the degree of degradation of historic build-
ing and waterlogged wood, a potentially important advance in the conservation of 
archaeological wood (Traoré et al. 2016, 2017a). These techniques were used effec-
tively to discriminate between samples from different species of oak within the 
deciduous oak subgenus group (Traoré et al. 2018), and also between black pine 
(Pinus nigra Arn.) and Scots pine (P. sylvestris L.) (Traoré et al. 2017b). As with 
many of the scientific techniques explored in the ForSEAdiscovery project, the 
application of FTIR for archaeological wood characterisation shows potential 
although wood degradation can be a significant challenge.

Isotopic analyses within archaeology continue to broaden their application rang-
ing from provenance through dating to diet. Ratios of stable isotopes of strontium, 
an example of isotopes independent of climatic variations and dependent on the 
parent geochemistry had previously been used in attempts to provenance ship tim-
bers (Rich et al. 2012, 2015, 2016). Significant variation in strontium isotope ratios 
was observed in control sites where both living trees and their surrounding soils 
were sampled and analysed but analysis of the strontium isotope ratios of water-
logged timbers from underwater shipwrecks still constitutes a challenge (Hajj 2017; 
Domínguez-Delmás et al. 2020). As timbers become waterlogged and degrade in 
marine anaerobic environments, their strontium ratios become closer to those of the 
salt water in which they reside. Hajj’s pioneering work points the way to the devel-
opment of extraction techniques which may yet overcome this challenge.

Advances in the extraction of ancient (a)DNA are revolutionizing bioarchaeol-
ogy as a branch of scientific archaeology. Groundbreaking work on the extraction of 
(a)DNA from archaeologically recovered wood including oak heartwood both high-
lights the challenges faced, but also offers the prospect of a further, parallel and 
independent line of analysis of waterlogged wood which seemed unlikely to prove 
feasible just a few years ago (Wagner et  al. 2018; Domínguez-Delmás 2020; 
Akhmetzyanov et al. 2020a).

7  Conclusions

The ForSEAdiscovery project was truly innovative and ambitious in attempting a 
well-integrated multi-disciplinary research project. Its legacy is diverse and sub-
stantial in terms of the young researchers who developed as Marie Curie fellows 
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