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1. Introduction

SEAD, the Strategic Environmental 
Archaeology Database, is an open access archive for 
environmental archaeology and Quaternary science 
data. It aims to provide easy access to the raw data 
from a variety of investigation types where, primarily, 
biological or physical proxy data have been used to 
study the past. As an environmental archaeology 
database, the focus naturally leans towards the 
human and cultural aspects of prehistory, but the 
“natural”, Quaternary science, background data 
essential in the interpretation of these phenomena 
are considered fundamental to the long-term 
usefulness of the system. Modern calibration and 
environmental survey data (e.g. insect pitfall traps, 
vegetation surveys) are also within the scope of 
the system. These are limited in number at the 
moment, but are scheduled to play an increasingly 
more important role in quantitative landscape and 
archaeological reconstructions, as science demands 
more empirically supported interpretations. This 
paper discusses a number of data ingestion and 
archiving related aspects of the project, the initial 
development phase of which runs from 2008 to 
2013. It is hoped that the information here will 
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prove useful to those considering undertaking 
similar ventures, or considering entering their own 
data into an existing archive such as SEAD. Readers 
interested in more applied aspects of the project are 
kindly directed towards Buckland et al. 2010.

2. Project Outline

The primary objective of SEAD is to provide 
a research infrastructure for environmental 
archaeology and palaeoenvironmental science. 
6SHFL¿FDOO\�� V\VWHPV� DQG� SDWKZD\V� IRU� ��� GDWD�
collation, storage and management; 2) integration, 
access and dissemination; 3) analysis and 
visualisation and 4) networking and support. 
These aims are to be achieved through the long-
WHUP�¿QDQFLQJ�RI�D�VWDEOH�UHVRXUFH�EDVHG�RQ�H[SHUW�
domain science and technology. SEAD is a bottom 
up, research driven project, in that it originates 
from an expressed need from primary researchers 
and is designed and implemented by the same, 
in collaboration with technology experts. An 
appreciation of the need for large scale databases 
is essentially nothing new (e.g. Maurer et al. 
2000; see earlier CAA volumes for archaeological 
examples), and the SEAD initiative stems from 
the Environmental Archaeology Lab’s observation 
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that the large amount of raw data accumulating 
its archives (paper and digital) were no longer 
manageable without a systematic data storage 
and management system. In common with much 
archaeological research and consultancy data, 
these data are also largely the results of publicly 
funded projects, and as such subject to open access 
requirements. An online database system is the ideal 
solution for public dissemination of digital data, and 
with the addition of data-entry and quality control 
systems can provide a trusted resource for archiving 
research data. 

Whilst these are worthy goals, the SEAD 
team believe that the addition of advanced data 
interrogation and analysis tools are essential if we 
are to realise the vision of transdisciplinary science, 
especially with respect to the use of data from 
multiple institutions, regions and disciplines. These 
tools may not only save research users time when 
aggregating sample data from multiple sites, over 
multiple chronologies, or synthesising habitat data 
for species, but also inspire and empower them to 
interrogate or analyse the data in new ways. The 
WHDP�¿UPO\�EHOLHYH� WKDW� EUHDNWKURXJK� VFLHQFH�ZLOO�
be enabled by systems such as SEAD.

2.1 Project organisation

The database and associated software is a 
cooperative venture between the Environmental 
Archaeology Lab. (http://www.idesam.umu.se/

english/mal/) and HUMlab (http://www.humlab.
umu.se/english/) at Umeå University, Sweden. It 
is funded by the Swedish Research Council, with 
co-funding from the Department of Historical, 
Philosophical & Religious Studies at Umeå 
University. Closely related research and development 
projects have been funded by Umeå University 
Faculty of Arts, and systems analysis and data entry 
of ceramics and dendrochronological data have 
been funded by the Nation Laboratories for Ceramic 
Research and Dendrochronology respectively at 
Lund University, Sweden (Figs 1 and 3). The project 
is advised by national and international reference 
groups, and close collaboration with the Neotoma 
Palaeoecology database ensures the optimal use of 
funds, by sharing ideas, software tools and data. As 
well as being an open access database, the project 
is run on open development principles, in that 
those interested in collaborating, both in terms of 
software development and data entry, are actively 
encouraged. 

2.2 Data collation, storage and management

Data are entered into SEAD through a 
downloadable software application which includes 
an internal copy of the database (see http://www.
sead.se for download). This copy can be synchronised 
with the online master at any time to provide local 
access to the latest datasets, and thus ensure that 
newly entered data can be analysed with respect 
to the latest data before publication. Users may of 
course wish to analyse their data with respect to a 
snapshot of the database, providing a stable base 
IRU� TXDQWL¿FDWLRQ��2QFH� UHDG\� IRU� SXEOLFDWLRQ�� WKH�
data can be submitted to the SEAD clearing house 
�RQH�RU�PRUH�H[SHUWV�LQ�WKH�UHOHYDQW�¿HOG��IRU�TXDOLW\�
control (Fig. 1). This includes an assessment of the 
completeness of the data, with special attention 
being paid to the often neglected meta- and spatial 
location data, and a dialog with the submitter for 
any potentially inconsistent or extreme values. As 
archaeology is a science where it is most often the 
anomalies that are interesting, expert knowledge 
LV� HVVHQWLDO� IRU� GL̆HUHQWLDWLQJ� XQXVXDO� GDWD� IURP�
errors.

2.3 Transparency

A fundamental concept in the SEAD project is 
that of data and analysis transparency; that research 

Figure 1. SEAD project structure and overview data 
ÀRZ� PRGHO�� 'HYHORSPHQW� LV� OHG� E\� WKH� (QYLURQPHQWDO�
$UFKDHRORJ\�/DE��0$/���LQ�FROODERUDWLRQ�ZLWK�+80ODE��
ZKR� LQ� WXUQ� UXQ� WKH� ZHE� VHUYHU�� 'DWD� VXEPLWWHG� E\�
SDUWQHUV�DQG�XVHUV�DUH�YHWWHG�E\�WKH�FOHDULQJ�KRXVH�EHIRUH�
publication in the public database.
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results and interpretations should be traceable to 
the raw data underpinning them and that methods 
should be thoroughly described and reproducible. All 
GDWDVHWV�DUH�XQLTXHO\�LGHQWL¿HG��'2,�LV�VXSSRUWHG��
but has yet to be implemented), permanent and 
version logged. The user can identify exactly which 
data were used to undertake an analysis, even 
when the datasets used have been subsequently 
revised. This also facilitates the retesting of earlier 
hypotheses with updated data, and the online 
interface supports saved viewstates which can be 
used to save, share and retrace analysis pathways. 
Datasets and selected metadata are linked to an 
internal bibliography, and the system is capable of 
providing citations at multiple levels, so that the 
nature of the publication’s content can be assessed 
(e.g. publication of primary data; reanalysis of 
existing data; summary site interpretations). Virtual 
constituent databases (or master datasets) are used 
to help retain the identity of datasets ingested from 
other sources, or projects wishing to maintain their 
LQGLYLGXDO�SUR¿OHV��ZKLOVW�WDNLQJ�DGYDQWDJH�RI�DFFHVV�
to the larger archive and analysis system, without the 
substantial costs involved in creating and managing 
it.

Transparency is also essential in connection 
with the storage of modern reference data. At 
the time of writing, this includes mainly insect 
ecology, distribution and climate data from the 
BugsCEP database (Buckland & Buckland 2006), 
but the aim is to expand the database, either 
internally or through linking, to cover other proxies 
DQG� ¿HOGV� VXFK� DV� ERWDQ\� DQG� HWKQRJUDSK\�� 7KH�
methodology of environmental reconstruction, 
and the interpretation of archaeological deposits, 
ranges from subjective descriptions, based on the 
expert knowledge of an individual researcher, to 
FRPSOH[� PDWKHPDWLFDO� PRGHOV� ZKLFK� DUH� GL̇FXOW�
to understand for those without expert knowledge. 
Giving users access to the raw source data allows 
them to see where interpretations come from and 
even assess the viability of reconstructions based 
on their understanding of the models and the 
description of the methods (Fig. 2).

2.4 System and database structure

SEAD is built around a PostgreSQL relational 
GDWDEDVH��ZLWK�RQOLQH�DQG�R̈LQH�FRPSRQHQWV�ZULWWHQ�
in Java, Javascipt and PHP. The highly normalised 

relational model, though perhaps not the most 
ÀH[LEOH�V\VWHP��ZKHQ�FRPSDUHG�WR�REMHFW�RULHQWDWHG�
or more abstracting database models), provides a 
OHYHO�RI�GHWDLO�DQG�DQDO\WLFDO�SRZHU�GL̇FXOW�WR�UHDOLVH�
through more abstract models without a more 
considerable programming overhead. The structure 
is extensible, in that data tables are able to accept 
any form of continuous, discrete or categorised 
values or measurements and that any type of sample 
or feature metadata can be included. The entry of 
metadata types is regulated by the clearing house to 
prevent duplication or ambiguity. As the database 
implements a standard minimum divisible unit, 
that of a single analysis of a single sample, further 
tables can easily be added in order to extend the 
scope into the territory of new data forms, such as 
spectroscopic data, or linked to external databases. 
The potential for linking to external databases is 
also facilitated by permitting the storage of multiple 
LGHQWL¿HUV� IRU� REMHFWV� FRPPRQ� WR� DUFKDHRORJLFDO�
research (e.g. sites, features, contexts, samples etc.). 
This means that the same sample can be referred to 
E\�ODE�QXPEHU��PXVHXP�QXPEHU�RU�¿HOG�QXPEHU�DV�
appropriate. 

The database stores comprehensive details 
and references for all methods (e.g. proxy analysis 
methods, pre-treatments, measurements, coordinate 
systems, processing methods), and care is taken to 
assign method descriptions to any area of metadata 
ZKLFK� ZRXOG� UHTXLUH� D� TXDOL¿HG� GHVFULSWLRQ� IRU�
quality assurance. Methods may also be grouped, 
allowing for multiple methods for each analysis 
W\SH��VXFK�DV�WKH�XVH�RI�GL̆HUHQW�SKRWRVSHFWURPHWHUV�

Figure 2�� 6FKHPDWLF� RI� WUDQVSDUHQW� GDWDEDVH�VRIWZDUH�
EDVHG� XVH� RI� 6($'�� VKRZLQJ� WKH� ÀRZ� RI� GDWD� �OLJKW�
DUURZV��DQG�WUDQVSDUHQF\�RI�SURFHVV��GDUN�DUURZV��IURP�
PRGHOV�WR�UHVXOWV��DQG�YLFH�YHUVD�
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in phosphate measurement. Whilst the details of 
many methods may be considered irrelevant for 
many users, they are essential for the assessment of 
GL̆HUHQW�PHWKRGV��DQG�SURYLGLQJ�EDFNJURXQG�GDWD�
for improving existing and developing new methods. 
The system is also capable of recording uncertainty 
values where relevant and available. To paraphrase 
an anonymous attendee of another conference, “true 
transparency, is not achieved by providing the data, 
but by providing enough information to enable the 
assessment of the quality of the data”. 

The latest database design, modelled using 
0LFUR2ODS� �KWWS���ZZZ�PLFURRODS�FRP���� FDQ� EH�
found on the project website at http://www.sead.
se/database/.

2.5 Data scope

Whilst SEAD’s structure technically allows it 
to cover an essentially unlimited scope of methods 
in environmental archaeology, the current scope 
RI� WKH� SURMHFW� �7DEOH� ��� LV� FRQ¿QHG� E\� LWV� EXGJHW��
This is in no way an indication of future limits, 
integration of the ceramics and dendrochronological 
FRPSRQHQWV� KDYLQJ� EHJXQ� DIWHU� WKH� SURMHFW¶V� ¿UVW�
WKUHH�\HDUV��2WKHU�ODERUDWRULHV�DQG�UHVHDUFK�JURXSV�
are actively encouraged to contact the SEAD team 
with respect to further expanding the scope of 
the database and analysis tools. In the long term, 
large scale, sustainable and queryable research 
archives can only be realised through community 
based data entry and development. The project is 
particularly interested in integrating archaeological 
and Quaternary science data, the latter dominated 
by studies of “natural” environmental change not 
directly related to archaeological investigations, 
and more often than not conducted from the point 
of view of the natural sciences. As well as being 
interesting in their own right, these studies provide 
data and information essential for the study of 
past human activities, not only in terms of the 
background climate and environment, but also for 
describing the immediate history and surroundings 
of archaeological sites.

SEAD has no chronological limits, meaning 
not only that any fossil data may be entered, but 
also any modern data. Currently, this extends 
only to insect survey data, which will be used as 
proof of concept for the integration of fossil and 

modern data, building on work undertaken in the 
Bugs database project (Buckland 2007). This will 
LPSURYH� WKH� ḢFLHQF\�ZLWK�ZKLFK� UHVHDUFKHUV� FDQ�
interpret sites, but also opens up possibilities for 
UH¿QLQJ� SDODHRHQYLURQPHQWDO� UHFRQVWUXFWLRQV��
With time, similar data will be added for plants 
and geoarchaeology in order to build up a powerful 
reference database. Similar projects are well 
established for landscape reconstruction through 
pollen (Mitchell 2011), although they are not yet 
represented by integrated databases. 

2.6 Geographical scope

The majority of data currently included in 
6($'¶V�GDWD�HQWU\�VFKHGXOH�DUH�(XURSHDQ��UHÀHFWLQJ�
the research scope and history of the labs involved 
in the initial development. Figure 3 shows the 
contribution of each of the data sources to the current 

Figure 3. Four maps showing the geographical location 
RI� VLWHV� FXUUHQWO\� EHLQJ� LQJHVWHG� LQWR� 6($'�� 7KH�ZKLWH�
SRLQWV� LQ� HDFK� PDS� LQGLFDWH� WKH� VLWHV� RULJLQDWLQJ� IURP�
RQH�RI� WKH� LQLWLDO� IRXU�PDVWHU�GDWDVHWV��D��%XJV&(3��E��
(QYLURQPHQWDO� $UFKDHRORJ\� /DE�� 8PHn�� F�� 1DWLRQDO�
/DERUDWRU\�IRU�&HUDPLF�5HVHDUFK��/XQG��DQG�G��1DWLRQDO�
/DERUDWRU\� IRU� 'HQGURFKURQRORJ\�� /XQG� �6PnODQG� WHVW�
GDWD���1RWH�WKDW�FRRUGLQDWH�HUURUV�PD\�VWLOO�EH�SUHVHQW�DV�
DOO�WKH�GDWD�KDYH�\HW�WR�EH�FKHFNHG�
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Proxy data sources

Biological proxies Raw counts of insects/arthropods, plant macrofossils, pollen, molluscs

Geoarchaeology Soil chemistry (pH, phosphates) and physical properties (conductivity, organic content, colour)

Ceramics
7KLQ�VHFWLRQ�TXDQWL¿FDWLRQ�DQG�SURSHUWLHV��H�J��WHPSHULQJ�PDWHULDO��LQFOXVLRQV��¿ULQJ�WHPSHUDWXUH��

vessel chara cteristics)

Dendrochronology
Dates and support data, tree species, building history, dated object description and location (e.g. 

church, west tower, third beam from roof)

Dating evidence

Scope
14C and other radiometric methods, dendrochronology, archaeological typology dates, period 

FODVVL¿FDWLRQV��FDOHQGDU�GDWHV�DQG�UDQJHV��WHSKUDV

Chronological extent Theoretically unlimited, but current range from 2.4 MyBP to present day.

Bibliographic data

References
May be linked to site, sample group, sample and dataset levels as well as to methods, ecological 

codes and more.

SGI�¿OHV For references where available and not restricted by copyright

Modern reference data

Abstracted text Insect habitats and distributions, abstracted from trusted sources, with citations

Coded descriptors or 
FODVVL¿FDWLRQV

Insect ecology, in-house system and Koch (1989-1992). Used for quantitative habitat 
reconstruction/visualisation (Buckland 2007)

Climate Beetle Mutual Climatic Range (MCR) temperature reference data

Location data

Coordinates
Three dimensional at site, sample group and sample levels (latitude, longitude, altitude and 
SURMHFW�VXUYH\�JULGV���&DSDFLW\�IRU�QDWLRQDO�JULG�EDVHG�VWRUDJH��6HH�VHFWLRQ�����DQG�¿JXUH���IRU�

current geographical extent

Depth
Multiple types of depth recorded as positive or negative numbers, e.g. depth from lake/soil 

surface, depth from datum line or reference level (especially useful for stratigraphic sequences)

Archaeological, geological and sampling data

Descriptive metadata
Site, feature and sample metadata to allow correlation between environmental and archaeology 
RU�OLWKRORJ\�GDWDVHWV��6DPSOH�QDPHV��H�J��¿HOG�ODEHO��ODE�QXPEHU��PXVHXP�QXPEHU���'HVFULSWLYH�

information for all objects

Sample dimensions
Capacity for multiple measurements (volume, size, weight) at multiple stages of analysis (initial 

sample, analysed subsample, residue etc.). Position in sample group

Images
Scans, photographs, plans etc. for multiple levels in the site hierarchy and reference data (e.g. 

seeds, insects)

Table 1��2XWOLQH�RI�WKH�LQLWLDO�GDWD�VFRSH�RI�6($'��$�IXOO�OLVW�RI�PHWDGDWD�ZLOO�EH�SURYLGHG�LQ�WKH�GDWDEDVH�GRFXPHQWDWLRQ�
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geographical scope of the database. At the time of 
writing, the dendrochronological data consists only 
of a small proof of concept digitalisation, roughly 
1.5 % of the Dendrochronology lab’s archived data 
(Meissner et al. 2012). 

3. Interfaces and Analysis Tools

The SEAD online interface, referred to as 
QSEAD after its aesthetic and technical origins in the 
QVIZ inter-archive project (www.qviz.eu; Palm 2008, 
2009), is based around a facetted browser system 
XVLQJ�VHOHFWDEOH��UHDUUDQJHDEOH�DQG�FDVFDGLQJ�¿OWHUV�
�)LJ������(DFK�¿OWHU�SDVVHV�LWV�UHVXOWV�WR�WKH�QH[W�RQH�
on the list, and can be rearranged should the logic of 
the research question require it. Figure 5 shows an 
example of the type of (palaeo)biogeographical and 
archaeological research which is made considerably 
easier by the system. The inclusion of relevant 
archaeobotanical and geological data in the system 
will increase the scope for such studies, both through 

the investigation of parallel lines of evidence and 
the capacity to undertake the synthetic analysis of 
multiple proxies.

The system is currently able to show results 
as a list of datasets in tabular form as well as on 
maps, and customisable reporting functions are in 
the pipeline. Data can be exported (csv, xml), as a 
composite dataset of aggregated samples where 
the query includes multiple sites. Later, the ability 
to transfer the same dataset to more advanced 
analysis functions within the online software will 
be provided. A climate reconstruction explorer 
is under development at the moment, which will 
allow the faunal implications of insect based climate 
reconstructions to be investigated, summary 
statistics generated, and the relative importance of 
species in an assemblage assessed. Further tools 
DUH� SODQQHG�� LQFOXGLQJ� PRUH� ÀH[LEOH� YHUVLRQV� RI�
the abundance and habitat diagrams and statistics 
provided in BugsCEP (see Buckland 2007), which 
can be applied to any data of appropriate type.

7KH� HQJLQH� EHKLQG� 46($'� LV� D� ÀH[LEOH��
semi-automated, abstracting query system based 
on a network graph of the database (Palm 2009). 
Whilst this works well for many queries and up to a 
certain level of database complexity, additional web 
services are under development to provide database 
subsets which can be chained together for more 

Figure 4�� 46($'�� WKH� RQOLQH� IDFHWWHG� EURZVHU� IRU� WKH�
6($'� GDWDEDVH�� )DFHWV� DUH� FODVVL¿HG� E\� WKHPH� DQG�
DFWLYDWHG�E\�FOLFNLQJ�RQ�WKHLU�QDPHV�DORQJ�WKH�WRS�RI�WKH�
VFUHHQ��6HOHFWHG�¿OWHUV�DSSHDU�RQ�WKH�OHIW��FROODSVLEOH�WR�
IRU� DQ� HDVLHU� RYHUYLHZ�� 5HFRUGV� PD\� EH� PXOWL�VHOHFWHG�
ZLWKLQ� HDFK� ¿OWHU�� WKH� UHVXOWV� FDVFDGLQJ� WR� VXEVHTXHQW�
¿OWHUV� DQG� WKH� UHVXOWV� GLVSOD\LQJ� DIWHU� D� VKRUW� GHOD\��
GHSHQGHQW�RQ�WKH�FRPSOH[LW\�RI�WKH�TXHU\�DQG�WKH�DPRXQW�
RI�GDWD�LQYROYHG��7KH�H[DPSOH�XVHV�*RRJOH�0DSV�WR�VKRZ�
WKH�ORFDWLRQ�RI�WKH�����VLWHV�ZKLFK�PDNH�XS�WKH�GDWDEDVHG�
IRVVLO�UHFRUG�RI�WKH�JUDLQ�ZHHYLO��6LWRSKLOXV�JUDQDULXV��/����
0DS� LPDJHU\� ������ 1$6$�� 7HUUD0HWULFV�� ,QVHFW� GDWD�
IURP�WKH�%XJV&(3�GDWDVHW��%XFNODQG�	�%XFNODQG�������
LQ�ZKLFK�FLWDWLRQV�IRU�RULJLQDO�VRXUFHV�FDQ�EH�IRXQG�

Figure 5�� $Q� H[DPSOH� UHVHDUFK� DSSOLFDWLRQ� RI� WKH�
UHVXOWV�H[SRUWHG�IURP�)LJXUH����7KH�VSUHDG�RI�SRLQWV�DQG�
GDWHV� VKRZV� WKH� VWDWH� RI� �GDWDEDVHG�� NQRZOHGJH� RQ� WKH�
SDODHRELRJHRJUDSK\�RI� WKH�VSHFLHV�DQG�KLJKOLJKWV�VRPH�
REYLRXV�JDSV��VXFK�DV�WKH�UHODWLYHO\�ODWH�GDWHV�IURP�*UHHFH�
and southern Scandinavia. Arrows show the probable 
VSUHDG�RI�WKH�JUDLQ�ZHHYLO�ZLWK�DJULFXOWXUH�DQG�WUDQVSRUW�
RI�VWRUH�SURGXFWV��6HH�3ODUUH��������DQG�UHIHUHQFHV�IRU�D�
PRUH�FRPSUHKHQVLYH�VWXG\�RI�WKH�VSHFLHV�
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complex queries. These services will also allow for 
easier integration with other databases and external 
software.

4. Data Entry and Ingestion

The four initial data sources are described 
EULHÀ\� EHORZ� ZLWK� UHVSHFW� WR� WKHLU� VFRSH�� TXDOLW\�
DQG�VSHFL¿F�SUREOHPV�UHODWLQJ�WR�WKHLU�LQJHVWLRQ��,Q�
SEAD terminology, these are referred to as master 
datasets, denoting their nature as virtual constituent 
databases. There is no limit to either the number 
of datasets stored under a master dataset or the 
volume and scope of its data. Although each of the 
master datasets are continually being added to, the 
import of legacy data is the main focus below.

4.1. The BugsCEP master dataset

BugsCEP is a downloadable, Microsoft Access 
and Visual Basic for Applications based insect 
ecology database and software package which 
contains the large part of the Quaternary fossil 
insect record (http://www.bugscep.com, Buckland 
& Buckland 2006; Buckland 2007). It contains over 
�����VLWHV��)LJ���D���PRVW�RI�ZKLFK�LQFOXGH�TXDQWL¿HG�
abundance data in the form of minimum numbers 
of individuals of each taxon found in each sample. 
The database includes ecology, distribution and 
climate reference data, as well as a comprehensive 
bibliography. The software incorporates a number 
of advanced data interrogation and analysis tools. 
Bugs has its origins in the 1980s (Sadler et al. 1992) 
and was presented in a previous incarnation at the 
2001 CAA meeting in Gotland, Sweden (Buckland & 
Buckland 2002).

Having existed in some form for over 30 years, 
there have been various versions and improvements. 
(DFK� VWDJH� KDV� UH¿QHG� WKH� GDWD�� SDUVLQJ� WH[W� DQG�
PHPR�¿HOGV��DQG�DGGHG�WR�WKH�VFRSH�RI�WKH�SURMHFW��
The database is partially normalised, and includes 
a number of compromises which enabled the more 
rapid development of interfaces. These compromises 
have occasionally resulted in a lack of structural 
referential integrity, which in combination with 
LQVẊFLHQW� FKHFNV� RQ� GDWD� HQWU\� KDYH� DOORZHG�
inconsistent data to be entered, and important 
data to be omitted. However, the ingestion of Bugs 
into SEAD has comprised of the relatively simple 
task of devising SQL schema for mapping the two 

database structures, with a set of integrity catches 
which report to the data manager. This report can be 
used to correct any problems in BugsCEP or SEAD 
before publication, either using the interfaces or via 
backend hacking. Although simple in nature, this 
task requires a large amount of manual checking 
given the more than 10 500 taxa and 144 000 fossil 
records in the database. As always, the most vital 
resource in this undertaking is the knowledge of 
H[SHUWV�LQ�WKH�¿HOG��7KH�DVVHVVPHQW�RI�GDWD�TXDOLW\�
cannot be undertaken by inexperienced technicians 
or students, and training is therefore essential for 
long-term sustainability.

The BugsCEP software provides a number 
of analysis tools which could be usefully applied 
to other proxy data sources, and it is the author’s 
intention, given time and funds, to reproduce 
all of these features online. Some of this will be 
achieved through the SEAD project, but until it is 
IXOO\� UHDOLVHG�� DQG� IRU� WKH�EHQH¿W�RI� FXUUHQW�XVHUV��
the two systems must run in parallel. This has 
required a synchronisation system based on the 
SQL transactions which can cope with alterations as 
well as additions and deletions. Bugs unfortunately 
has a more limited and free text based approach to 
metadata, the automated linking of archaeological 
databases being outside of its scope. Sites are, 
by practice, uniquely named on data entry. The 
%XJV&(3� XQLTXH� VLWH� LGHQWL¿HU� KDV� QR� H[WHUQDO�
relevance and is not seen by the user, and sites are 
unique on the basis of their name, location, date and 
references combined.

The primary linking attribute of the Bugs 
species reference data is that of the unique 
LGHQWL¿HU�IRU�DQ�LQVHFW�WD[RQ��WKH�QDPH�DORQH�EHLQJ�
LQVẊFLHQW�GXH�WR�GL̆HUHQFHV�EHWZHHQ�LQWHUQDWLRQDO�
and the numerous national taxonomies. Where 
%XJV�FDQ�RQO\�KROG�D�VLQJOH�LGHQWL¿HU�IRU�HDFK�WD[RQ��
SEAD can store multiple parallel taxonomies and 
thus record and export occurrences in whatever 
taxonomic system the user chooses. The database 
stores a comprehensive and referenced synonym 
list, but interrelating these taxonomies for data 
retrieval may be far from simple, and more 
problems will be encountered where pollen are 
concerned (e.g. Birks & Birks 2000). The approach 
of this project is, therefore, based on the concept of 
getting the data in and sorting out the details later, 
a principle which works best in the presence of 
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comprehensive metadata recording and consistency 
RI� GDWD� HQWU\�� 2QWRORJLHV� DUH� EHLQJ� GHYHORSHG�
parallel to this process, rather than in advance, due 
to the complexity of the data and large number of 
unknowns.

4.2 The Environmental Archaeology Lab. (MAL), 
Umeå, master dataset

Research and consultancy in environmental 
archaeology has existed in some form since the 
1970’s at Umeå University. Consequently, MAL 
(Miljöarkeologiska laboratoriet) has amassed a 
considerable amount of data (Fig. 3b), much of it 
analogue and very little of it in database ready form. 
The lab’s activities have encompassed a number of 
methods, but most frequently the analysis of plant 
macrofossils, pollen, geoarchaeology and insects 
(the latter covered by BugsCEP above). Although 
much of the recent data (from at least the year 
2000) are stored digitally, far from all datasets are 
in easily ingestible spreadsheet or database form 
(Buckland et al. 2006). Even the spreadsheets, which 
should theoretically be based on a small number 
of templates, have had columns moved, renamed 
and new ones added due to the lack of a strict data 
KDQGOLQJ�UHJLPH��2FFDVLRQDOO\��WKH�ZURQJ�GDWD�KDYH�
been entered under a heading, with an explanatory 
note in another column. These factors are a severe 
hindrance to the automated import of data, and have 
necessitated the development of data ingestion tools 
which allow spreadsheet columns to be checked 
and mapped to the appropriate analysis methods or 
metadata tables. Fully automated ingestion is out of 
the question due to the unpredictable nature of the 
variation.

A primary goal of ingesting the MAL dataset, 
and one of the pillars of the SEAD project, is 
that of making so called grey literature publicly 
available. These reports, although always available 
on request, are often only included as appendices 
in archaeological reports and would be more 
conveniently available online. SEAD will make 
the raw data which underpin or are included in 
the reports available online and queryable, with 
WKH� UHSRUWV� DYDLODEOH� DV�SGI�¿OHV��0HWDGDWD�ZLOO� EH�
ascribed, national antiquities numbers checked, 
and English summaries provided for Swedish texts. 
The short reports presenting null results will also be 
included as a guide to future studies. This work is 

H[WUHPHO\� WLPH� FRQVXPLQJ�� DQG� UHTXLUHV� TXDOL¿HG�
VWD̆� FDSDEOH� RI� XQGHUWDNLQJ� GHWHFWLYH�ZRUN� LQ� WKH�
reports and paper and digital archives (which span 
¿YH�JHQHUDWLRQV�RI�0DFLQWRVK���$�FRQVLGHUDEOH�SDUW�
of the project budget goes to such assignments, a 
fact that is sometimes forgotten when planning or 
reviewing large scale database projects.

It may be prudent to mention at this point 
that, from the contract side of archaeology, it is the 
VFLHQWL¿F�OLWHUDWXUH�WKDW�PD\�EH�FRQVLGHUHG�DV�³JUH\´�
in that it is not accessible without membership 
of a university or through considerable fees. The 
publication of data from these publications, if 
not the papers themselves, in open archives is a 
step towards a more democratic dissemination of 
VFLHQWL¿F�GDWD�ZKHUH�WKRVH�QRW�IRUWXQDWH�HQRXJK�WR�
have a university post may make use of them.

If SEAD is to achieve the vision of its designers, 
then all sample and analysis data should be cross-
queryable – that is to say that it should be possible 
to identify the commonality of samples based on 
their location, chronology and properties, between 
projects. This is no simple task, and the data 
detective must deal with obscure or badly recorded 
VDPSOH� GHVFULSWLRQV� DQG� LGHQWL¿HUV�� PLVVLQJ� RU�
incorrect dating information, partial data, missing 
metadata and even the occasional bit of cryptography 
(older ecologists have been known to code their 
LGHQWL¿FDWLRQ� GDWD��� :KHUH� PXOWLSOH� SUR[LHV� KDYH�
been used on an excavation their results may be 
published in separate reports, sometimes with little 
indication of having come from the same samples. 
Part of the solution has been the use of standardised 
spreadsheets for the intermediate storage of data 
whilst problems are sorted out. An alternative 
exists where pollen data are concerned, in that Erik 
Grimm and the Neotoma project’s (Neotoma 2009) 
7LOLD� VRIWZDUH� LV� DEOH� WR� UHDG� ROGHU� 7LOLD� ¿OHV� DQG�
H[SRUW�WKHP�DV�;0/�RU�VSUHDGVKHHWV��7KHVH�¿OHV�FDQ�
then be easily imported into SEAD, leaving the main 
LVVXH�DV�WKH�¿QGLQJ�RI�PHWDGDWD�DVVRFLDWHG�ZLWK�HDFK�
sample. Unfortunately, such metadata are rarely 
stored together and in unfortunate cases common 
sample names were not used for all analyses. In such 
FDVHV��LW�LV�RQO\�E\�WKH�LQWHUURJDWLRQ�RI�VWD̆�LQYROYHG�
in the projects that an acceptable level of metadata 
can be extracted (a process that is familiarly referred 
to as “chaining senior researchers to their desks” 
within the SEAD project).
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4.3 The National Laboratory for Ceramic Research, 
Lund, master dataset

At the inception of SEAD it was never 
conceived that ceramics data would form part of its 
scope. After discussions with researchers at Lund, 
however, it was clear that certain commonalities 
existed between the environmental data and aspects 
of the ceramics data. In particular, it was decided 
that the ingestion of already partially digitised data 
from the analysis of ceramic thin sections would be 
highly desirable, and SEAD was adapted to accept 
them (Fig. 3c). A number of the recorded properties 
of thin sections are essentially geochemical or can 
EH� UHFRUGHG� DV� WKH� SUHVHQFH�DEVHQFH� RI� VSHFL¿F�
components. The facility to cross-query the ceramics 
and macrofossil data of multiple sites holds great 
potential for archaeological research. Among other 
things, it could expedite contributions to the study 
of plants as foods and medicines, crop processing, 
agricultural development, diets and rituals by 
IDFLOLWDWLQJ� WKH� LQWHJUDWLRQ� RI� GL̆HUHQW� VWUHDPV� RI�
evidence for the same activities.

The ingestion of the ceramic data serves to 
illustrate an interesting problem in the assimilation 
of legacy data: that of recording absence. In this 
master dataset, representing data accumulated by 
several researchers over the past 30 years, but also 
LQFOXGLQJ�VRPH�GDWD�IURP�WKH�����¶V��WKHUH�DUH�¿YH�
GL̆HUHQW� DEVHQFH� UHFRUGLQJ� PHWKRGV�� EODQN�QXOO��
³QR´��³QR�LQIRUPDWLRQ´��³PLVVLQJ´�DQG�³XQGH¿QHG´��
For the sake of simplicity, it has been decided to 
assume that all of these mean the absence of whatever 
was being recorded, although as the authors of 
earlier investigations are inactive we may never 
know the truth. There is always a danger of losing 
resolution when digitising or migrating between 
database systems. To ensure data transparency 
the intermediate spreadsheets, which contain this 
variety, will be preserved in case the variation has 
meaning. The general problem of recording absences 
is perhaps one of standardisation, and common to 
many databases. Problems occur more often when 
PHUJLQJ�IURP�GL̆HUHQW�GDWD�VRXUFHV��ZKHUH�LQWHUQDO�
standardisation may not have been consistently 
applied to each source. We can, however, at least 
hope to try to maintain that null is a state and not 
a value.

4.4 The National Laboratory for Dendrochronology, 
Lund, master dataset

With the exception of a few dates, 
dendrochronological data are the latest edition 
to SEAD (Fig. 3d), and a test dataset consisting of 
material from the Swedish county of Småland was 
entered in early 2012 (Meissner et al. 2012). Although 
data from a number of archaeological projects (35) 
were entered, using intermediate spreadsheets, 
the majority of the data relate to building heritage 
management (71 projects). The latter orientation 
was also an extension of the initial mandate of SEAD, 
and required the expansion of generic description 
tables to enable the attribution of multiple types 
(e.g. building type, building purpose, building 
structural form etc). Although dendrochronology 
is often considered primarily as dating evidence for 
the context in which wood is found, there is a large 
amount of measured and descriptive data behind 
every date. For SEAD to provide anything but a 
date retrieval system for these data, it was therefore 
essential that it be able to store these supporting 
GDWD�� 7KLV� ZDV� DFKLHYHG� E\� D� PLQRU� PRGL¿FDWLRQ�
of spatial data tables, so that they could cater for 
a descriptive location within a structure; and the 
DGGLWLRQ�RI� D� VSHFL¿F�GHQGURFKURQRORJLFDO� VXSSRUW�
data table. The existing structure provides for the 
storage of tree species, and allows the retrieval of all 
analyses performed on a particular species, be they 
macrofossil, pollen, 14C or dendrochronological.

Entering the remainder of the archived 
dendrochronological data is estimated to take the 
equivalent of four years (Meissner et al. 2012), 
a monumental task planned to start in 2013. In 
addition to the above, the Dendrochronology Lab. 
has also undertaken the analysis of wood in wrecks 
and living trees. With time, these datasets will also 
be entered into SEAD and provide an extremely 
useful continuity between ancient and modern 
measurements, land and sea.

5. External-linking

The BugsCEP project has shown the 
advantages of being able to rapidly summarise the 
ecology of fossil insects found in samples, with 
over 80 publications citing use of the latest version 
alone (see http://bugscep.com/publications.html). 
Bugs has been managed from the environmental 
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archaeology point of view, with an understanding 
of the importance to archaeology of Quaternary 
science data. Although the latter may be obvious to 
some, there are many archaeologists who believe 
that only samples taken on-site may reveal useful 
archaeological information. This is a misconception 
which must be overcome if archaeology is to progress 
and collaborate with other palaeoenvironmental 
sciences. By doing so, it may increase its contribution 
to the body of accepted knowledge on an integrated 
picture of past human activities and environmental 
and climate change. As ecologists become more 
interested in palaeobiogeography, perhaps with the 
explosion of molecular studies of potential origins 
and refugia (e.g. Schönwetter et al. 2005), there is 
an indication that they themselves may themselves 
become more interested in palaeoenvironmental 
databases (see Brewer et al. 2012), especially 
when the DNA, fossil record and morphology may 
disagree.

Within Sweden, the standard cultural heritage 
LGHQWL¿HU� LV� WKH� 5$b� �5LNVDQWLNYDULHlPEHWHW��
number, the equivalent of the British SMR number. 
7KH�FRPELQDWLRQ�RI�SDULVK�QDPH�DQG�5$b�QXPEHU�
are supposedly unique, although mistakes have 
occurred and this cannot be guaranteed. Discussions 
are underway on how to resolve this and similar 
issues and enable reliable linking between SEAD and 
the Swedish National Heritage Board’s databases. 
The latter are undergoing a large scale redesign 
and there is good scope for improved low level 
DFFHVVLELOLW\� �/DUV� /XQTXLVW�� 5$b�� SHUV� FRPP����
Recently, the Swedish National Data Service (SND) 
has released excavation data in GIS form (http://
snd.gu.se/sv/node/564), an important step in 
creating online archaeological databases with a level 
RI�GHWDLO�VẊFLHQW�IRU�FRPSOH[�PXOWL�VLWH�TXHULHV�

An important issue yet to be fully dealt with is 
the representation and visualisation of sites without 
spatial data or dates. These will not show up on maps 
or timelines respectively without special attention, 
and may contain useful data which should not be 
omitted from a query. A similar problem is posed 
by sites/objects with multiple locations, such as an 
Egyptian mummy stored at the British museum.

6. Concluding Remarks

The creation of large scale research data 

LQIUDVWUXFWXUHV�LV�HVVHQWLDO�IRU�VFLHQWL¿F�DGYDQFHPHQW�
LQ� DQ� LQFUHDVLQJO\�GDWD�ULFK�ZRUOG��2SHQ�DFFHVV� WR�
published data, as well data citation, encourages 
data reuse and large scale syntheses which would 
RWKHUZLVH� EH� H[WUHPHO\� GL̇FXOW�� 3URYLGLQJ� HDVLHU�
DFFHVV� WR� SUHYLRXV� UHVXOWV� H̆HFWLYHO\� ERRWVWUDSV�
research within and across disciplines (Mooney 
& Newton 2012). Such initiatives may also help 
to satisfy public and political demands for greater 
research transparency, the importance of which was 
made particularly clear during the “climategate” 
D̆DLU��ZKHUH� ODFN�RI� WUDQVSDUHQF\�ZDV�XVHG�DV�RQH�
of numerous arguments against the viability of 
evidence for global warming (Maibach et al. 2012). 
The examples provided in this paper highlight the 
fact that although there are considerable advantages 
to integrated data sharing, the construction and 
maintenance of such infrastructures is far from 
simple. It not only requires long-term funding and 
commitment from a core research community, 
preferably distributed over multiple research 
groups, but perhaps more importantly a persistent 
user base. SEAD is still at an early stage and it 
remains to be seen as to whether it will achieve the 
required momentum for long term success.

Expert systems have been discussed earlier 
in the history of the Bugs project (Buckland et al. 
1997), the implications being of a software system 
that could provide explanations for new datasets 
based on the existing database. This is still a goal 
for many palaeoecologists, even if, in the absence 
RI� DUWL¿FLDO� LQWHOOLJHQFH�� WKH� SUHIHUUHG� WHUP� PD\�
now be decision support systems. Ultimately the 
system should be able to provide a list of statistically 
similar sites or samples to those selected, along 
with multiple environmental reconstruction 
scenarios and other tools to aid interpretation. 
There is however, always a cost based limit to the 
amount of “intelligence” that can be built into a 
system, after which the designers must rely on the 
intelligence of the user. Even with advanced ecology 
based, quantitative environmental reconstruction, 
a detailed knowledge of environmental science 
and the ecology of the organisms/proxies used for 
reconstruction is required, if the reconstruction is to 
be reliably interpreted. It is never a case of push a 
button and get an answer, but always push the right 
button and get something that will help provide 
potential answers to the research questions.
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