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The practices of data sharing, data citation and data reuse are all crucial aspects of the reproducibility
of archaeological research. This article builds on the small number of studies reviewing data sharing
and citation practices in archaeology, focussing on the data-rich sub-discipline of archaeobotany.
Archaeobotany is a sub-discipline built on the time-intensive collection of data on archaeological plant
remains, in order to investigate crop choice, crop husbandry, diet, vegetation and a wide range of other
past human-plant relationships. Within archaeobotany, the level and form of data sharing is currently
unknown. This article first reviews the form of data shared and the method of data sharing in 239 articles
across 16 journals which present primary plant macrofossil studies. Second, it assesses data-citation
in meta-analysis studies in 107 articles across 20 journals. Third, it assesses data reuse practices in
archaeobotany, before exploring how these research practices can be improved to benefit the rigour and

reuse of archaeobotanical research.
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1. Introduction

Archaeology is a discipline built on the production and
analysis of quantitative data pertaining to past human
behaviour. As each archaeological deposit is a unique
occurrence, ensuring that the data resulting from excava-
tion and analysis are preserved and accessible is crucially
important. Currently, there is a general perception of a
low level of data sharing and reuse. Such a low level of
data availability would prevent the assessment of research
findings and the reuse of data in meta-analysis (Kansa &
Kansa 2013; Moore & Richards 2015). As observed across
scientific disciplines, there is a major problem in the
reproduction of scientific findings, commonly known as
the ‘replication crisis’ (Costello et al. 2013). A range of
intersecting debates contribute to this, including access
to academic findings (open access), open data, access
to software and access to methodologies, which can be
broadly grouped as open science practices. Without these,
the way that scientific findings can be verified and built
upon is impaired. Questions of reproducibility have been
raised in recent years in archaeology, with considerations
of a range of practices which can improve the reproduc-
ibility of findings, and a recent call for the application of
open science principles to archaeology (Marwick et al.
2017). Discussion has so far focussed on access to grey lit-
erature (Evans 2015), data sharing (Atici et al. 2013), data
citation practices (Marwick & Pilaar Birch 2018) and com-
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putational reproducibility (Marwick 2017), with a focus
on lithics, zooarchaeological evidence, and archaeological
site reports.

Quantitative assessments of current levels of data shar-
ing, data citation and reuse remain limited in archaeology.
The focus of evaluation has been on the uptake of large-
scale digital archives for the preservation and dissemina-
tion of digital data, such as the Archaeology Data Service
(ADS), utilised by developer-led and research projects, and
recommended for use by many research funders in the
UK (Richards 2002; Wright and Richards 2018). Much less
focus has been paid to the data-sharing practices of indi-
viduals or small-groups of university-based researchers
who may be disseminating their research largely through
journal articles. Recent work on the availability of data
on lithics assemblages found a low level of data sharing
(Marwick & Pilaar Birch 2018) and there are perceptions
of low levels of data reuse (Huggett 2018; Kintigh et al.
2018). Within zooarchaeology numerous studies have
explored issues of data sharing and reuse (Kansa & Kansa
2013, 2014), and the sub-discipline is seen as one of the
most advanced areas of archaeology in regards to open
science (Cooper & Green 2016: 273). Beyond zooarchae-
ology, however, explicit discussion has remained limited.

This paper assesses data sharing and reuse practices
in archaeology through the case study of archaeobotany
— a long established sub-discipline within archaeology
which has well-established principles of data recording.
Archaeobotany is an interesting case study for data shar-
ing in archaeology as it straddles the division of archaeol-
ogy between scientific and more traditional techniques.
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Quantitative data on archaeological plant remains are
also of interest to a range of other fields, including ecol-
ogy, environmental studies, biology and earth sciences.
The key issues of data sharing and data reuse (Atici et al.
2013) have been touched upon in archaeobotany over the
past decade within broader discussions on data quality
(Van der Veen, Livarda & Hill 2007; Van der Veen, Hill &
Livarda 2013). These earlier studies focussed on the qual-
ity and availability of archaeobotanical data from devel-
oper-funded excavations in Britain and Cultural Resource
Management in North America (Vanderwarker et al. 2016:
156). However, no discussion of data-sharing and reuse in
academic archaeobotany occurred. A recent review of dig-
ital methods in archaeobotany is the notable exception,
with discussions of the challenges and methods of data
sharing (Warinner & d'Alpoim Guedes 2014).

Currently, we have no evidence for the levels of data
sharing and reuse within archaeobotany. This article pro-
vides the first quantitative assessment of 1) data publica-
tion in recent archaeobotanical journal articles 2) data
citation in recent archaeobotanical meta-analysis 3) the
reuse of archaeobotanical datasets, in order to assess
whether practices need to change and how such changes
can take place.

2. Data Publication and Re-use Practices in
Archaeobotany

2.1. History of data production and publication
Archaeobotanical data falls within the category of obser-
vational data in archaeology (Marwick & Pilaar Birch 2018).
Archaeobotanical data is considered as the quantitative
assessment of plant macrofossils present within a sample
from a discrete archaeological context, which can include
species identification, plant part, levels of identification
(cf. — confer or “compares t0"), and a range of quantifica-
tion methods including count, minimum number of indi-
viduals, levels of abundance and weight (Popper 1988).
Archaeobotanical data is usually entered into a two-way
data table organised by sample number. Alongside the
counts of individual taxa, other information is also neces-
sary to interpret archaeobotanical data, including sample
volume, flot volume, charcoal volume, flot weight, level
of preservation, sample number, context number, feature
number, feature type and period. Beyond taxonomic iden-
tifications, a range of other types of data are increasingly
gathered on individual plant macrofossils (morphometric
measurements, isotopic values, aDNA).

Archaeobotanical training places a strong emphasis on
recording data on a sample-by-sample basis (Jacomet &
Kreuz 1999: 138-139; Jones & Charles 2009; Pearsall 2016:
97-107). Time-consuming methodologies utilised in the
pursuit of accurate sample-level data recording include
sub-sampling and splitting samples into size fractions and
counting a statistically useful number of items per sam-
ple (Van der Veen & Fieller 1982). The creation of sam-
ple-level data means analysis is often undertaken on the
basis of individual samples, for instance the assessment
of crop-processing stages and weed ecological evidence
for crop husbandry practices. The analysis of sample level
data also enables archaeobotanical finds to be integrated
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alongside contextual evidence from archaeological sites.
Requirements for the publication of this data are in place
in some archaeological guidelines, for instance current
Historic England guidelines for archaeological practice in
England (Campbell, Moffett & Straker 2011: 8).

From the earliest archaeobotanical reports, such as
Reid's work at Roman Silchester, the sample from which
plant remains were recovered was noted (Lodwick 2017a),
but often results were reported as a list of taxa, or long
catalogues of detailed botanical descriptions with seed
counts, such as Knorzer's work at Neuss (Kndrzer 1970).
Early systematic archaeobotanical reports displayed data
within in-text tables, for example Jones's work at Ashville
(Jones 1978) and the two-way data table has been the
standard form of reporting archaeobotanical data ever
since. Often data tables are presented within book chap-
ters or appendices, but the financial, space and time con-
straints of book publishing are limiting. Furthermore,
there is the perception that specialist data was not nec-
essary for publication (Barker 2001). Hence, alternative
methods of the dissemination of specialist archaeological
data were pursued in the later twentieth century.

From the 1980s, archaeobotanical data tables were
often consigned to microfiche following a Council for
British Archaeology and Department of Environment
report (Moore & Richards 2015: 31), with the example of
the excavation of Roman Colchester where the contents
of all archaeobotanical samples were available on micro-
fiche (Murphy 1992). An alternative in the 2000s was
providing data tables on CD Rom as seen, for instance,
in the CD accompanying the study of a Roman farm-
stead in the Upper Thames Valley (Robinson 2007) or the
One Poultry excavations in London (Hill and Rowsome
2011). Meanwhile, the inception of the Archaeology Data
Service, a digital repository for heritage data, in 1996
meant archaeological datasets were increasingly digitally
archived, for instance the data from the Channel Tunnel
Rail Link Project (Foreman 2018) or a recent large-scale
research excavation at Silchester (University of Reading
2018). In these cases, archaeobotanical data is available to
download as a .csv file.

Whilst the data publication strategy of large excavations
was shifting, the availability of data from post-excavation
assessment reports has remained challenging. So-called
‘grey literature’ results from the initial evaluation stage
of developer-funded investigations and accompanying
post-excavation assessment often contain a semi-quanti-
tative evaluation of archaeobotanical samples on a scale
of abundance. Whilst paper reports were initially depos-
ited with county Historic Environment Records, a process
of digitisation focussing on the Roman period has meant
many pdfs are now available through the ADS (Allen
et al. 2018), whilst born-digital reports are now deposited
through OASIS (Online AccesS to the Index of archaeologi-
cal investigationS), as part of the reporting process (Evans
2015), althought the extent to which specialist appendi-
ces are included is variable.

These varying ‘publication’ strategies means archaeobo-
tanical data is often available somewhere for recent devel-
oper-funded excavations and large-scale developer-funded
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excavations, even if much of this data is as a printed table
or .pdf file (Evans 2015; Evans and Moore 2014). However,
academic journals are typically perceived as the most
high-status publication venue for archaeobotanical data,
and a crucial publication venue for academics in order to
comply with institutional requirements and the norms of
career progression. Aside from the problem of access to
pay-walled journals by those without institutional sub-
scriptions to all journals, the publication of primary data
alongside research articles faces various problems, from
the outright lack of inclusion of data, to problematic cura-
tion of supplementary data and a lack of peer review of
data (Costello et al. 2013; Warinner and d'Alpoim Guedes
2014: 155; Whitlock, 2011). The extent of these prob-
lems for archaeobotany is currently unknown. Given the
growth in archaeobotanical data production as method-
ologies are introduced into many new regions and periods
over the last decade, it is vital that we know whether the
mass of new data being produced is made available and is
being reused.

Recent important advances within archaeobotanical data
sharing have focussed on the construction of the ARBODAT
database, developed by Angela Kreuz at the Kommission
fiir Archédologische Landesforschung in Hessen. The data-
base is used by a range of researchers in Germany, the
Czech Republic, France and England (Kreuz & Schafer
2002). Data sharing enabled by the use of this database
has facilitated research on Neolithic agriculture in Austria,
Bulgaria and Germany (Kreuz et al. 2005), and Bronze Age
agriculture in Europe (Stika and Heiss 2012). The use of this
database makes data integration between specialists easier
due to the shared data structure and metadata description,
but often the primary archaeobotanical data is not made
publicly available.

2.2. Meta-analysis in archaeobotany

Beyond the need to preserve information, a key reason for
the formal sharing of archaeobotanical data is in its reuse
to facilitate subsequent research. There has been a long-
standing concern within archaeobotany with the need
to aggregate datasets and identify temporal and spatial
patterns. The palaeobotanist Clement Reid maintained
his own database of Quaternary plant records in the late
nineteenth century (Reid 1899), which formed the foun-
dation of Godwin's Quaternary database (Godwin 1975).
Mid-twentieth century studies of prehistoric plant use com-
piled lists of archaeobotanical materials incorporating full
references and the location of the archive (Jessen & Helbaek
1944). The International Work Group for Palaeoethnobot-
any was itself founded in 1968 in part with the aim to com-
pile archaeobotanical data, first realised through the pub-
lication of Progress in Old World Palaeoethnobotany (Van
Zeist, Wasylikowa & Behre 1991), and subsequently through
the publication of annual lists of new records of cultivated
plants (Kroll 1997).

To take England as an example, regional reviews pro-
duced by state heritage authorities have provided cata-
logues of archaeobotanical datasets in particular time
periods and regions (e.g. Murphy 1998). When one archae-
obotanist has undertaken the majority of study within a
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region, pieces of synthesis within books have provided
a relatively comprehensive review, for instance in the
Thames Valley, UK (Lambrick & Robinson 2009). Over the
last decade regional synthesis has occurred within sev-
eral funded reviews which produced catalogues of sites
with archaeobotanical data (Lodwick 2014; McKerracher
2018; Parks 2012) and a series of funded projects in France
have enabled regional synthesis (Lepetz & Zech-Matterne
2017). However, many of these reviews are not accompa-
nied by an available underlying database, and draw upon
reports which are themselves hard to access.

Through the 1990s and 2000s, a series of databases were
constructed in order to collate data from sites in a particu-
lar region and facilitate synthetic research. However, these
databases have all placed the role of data archiving onto
later projects specifically funded to collate data, rather
than sourcing datasets at the time of publication. Such
a model is unsustainable, and is unlikely to result in all
available datasets being compiled. The Archaeobotanical
Computer Database (ABCD), published in 1996 in the
first issue of Internet Archaeology, contained much of the
archaeobotanical data from Britain available at the time
of publication, largely at the level of individual samples.
The database was compiled between 1989 and 1994 and
is still accessible through the accompanying online jour-
nal publication (Tomlinson & Hall 1996). The ABCD made
major contributions to recent reviews of the Roman and
Medieval periods (Van der Veen, Livarda & Hill 2008; Van
der Veen, Hill & Livarda 2013). However, the database
could only be centrally updated, with the online resource
remaining a static version, lacking much of the new data
produced subsequent to the implementation of PPG16 in
1990. The ADEMNES database, created through a research
project undertaken at the Universities of Freiburg and
Tiibingen, contains data from 533 eastern Mediterranean
and Near Eastern sites (Riehl & Kiimmel 2005). Kroll has
maintained the Archaeobotanical Literature Database to
accompany the Vegetation History and Archaeobotany arti-
cles (Kroll 2005) now accessible as a database (Kirleis &
Schmiiltz 2018). Numerous other databases have collated
archaeobotanical studies, including the COMPAG project
(Fuller et al. 2015), the Cultural Evolution of Neolithic
Europe project (Colledge 2016), RADAR in the Netherlands
(van Haaster and Brinkkemper 1995), BRAIN Botanical
Records of Archaeobotany Italian Network (Mercuri et al.
2015) and CZAD — Archaeobotanical database of Czech
Republic (CZAD 2019).

The majority of databases have a restricted regional
coverage, whilst research-project driven period-specific
databases provide overlapping content. Whilst there are
a wide range of archaeobotanical databases available, few
contain primary datasets (other than the ABCD) which
can be downloaded as .csv files. Data which is most com-
monly available are bibliographic references per site, with
some indications of mode of preservation, quantity of
archaeobotanical data, and sometimes taxa present. The
databases do not inter-relate to each other, and function
primarily as bibliographic sources enabling researchers to
find comparative sites or to identify published datasets
which need to be re-tabulated prior to meta-analysis. The
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IWGP website curates a list of resources, but otherwise the
resources are often disseminated through the archaeo-
botany jiscmail list.

Beyond the aim of cataloguing archaeobotanical data
within a region and period, meta-analysis is often used
in archaeobotany to identify spatial and chronological
trends in a range of past human activities, for instance
crop choice, crop husbandry practices, plant food con-
sumption, the trade in luxury foods or the use of plants
in ritual. Meta-analysis can be undertaken on the basis of
simple presence/absence data per site, but in order for
such analysis to be rigorous and comparable, sample-level
data must be utilised. For instance, sample-level data is
required for meta-studies, in order to identify high-qual-
ity samples of unmixed crops for weed ecology analysis
(Bogaard 2004), to assess the importance of context in the
evaluation of wild plant foods (Wallace et al. 2019), or to
use volumetric measurements as a proxy for scale (Lodwick
2017b). The reuse of archaeobotanical data also extends
to include datasets used as “controls” in commonly used
forms of statistical analysis, for instance Jones's weed data
from Amorgos, Greece, which is utilised as a control group
in discriminant analysis of crop-processing stage (Jones
1984), and ethnographic observations of crop items in dif-
ferent crop-processing stages (Jones 1990).

2.3. Open data principles and solutions

Debates over issues of data publication and meta-analysis
have been on-going across scientific disciplines over the
last decade (Editors 2009), and have been summarised
within principles of open science, as recently set out in
relation to archaeology (Marwick et al. 2017). Open Data
is one of the three core principles for promoting trans-
parency in social science (Miguel et al. 2014). The FAIR
principles, developed by representatives from academia,
industry, funding agencies, industry and publishers, pro-
vide four principles which data sharing should meet for
use by both humans and machines — Findability, Acces-
sibility, Interoperability, and Reusability (Wilkinson et al.
2016). A recent report assessing the adoption and impact
of FAIR principles across academia in the UK included
archaeology as a case study (Allen and Hartland 2018: 46).
It reported how the ADS was often used to archive data,
but that “The journal itself provides the “story” about the
data, the layer that describes what the data is, how it was
collected and what the author thinks it means.” The report
also raises the problem that smaller projects may not have
the funding to utilise the ADS, meaning that other reposito-
ries are utilised. Increasingly, archaeological data is made
available through a wide range of data repositories (OSF,
Mendeley Data, Zenodo, Open Context), university data
repositories (e.g. ORA-Data), or social networking sites for
academics (Academia.edu, ResearchGate). More widely in
archaeology, some have observed that archaeological data
is rarely published (Kintigh et al. 2014), and recent reviews
have reported low levels of data sharing (Huggett 2018;
Marwick & Pilaar Birch 2018). A closely related issue is that
of data reuse. Responsible reuse of primary data encour-
ages the sharing of primary data (Atici et al. 2013), but
levels of data reuse in archaeology are thought to remain
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low (Huggett 2018). Principles for responsible data cita-
tion in archaeology have recently been developed sum-
marising how datasets should be cited (Marwick & Pilaar
Birch 2018).

3. Methodology

In order to assess the current status of data sharing,
citation and data re-use in archaeobotany, a review was
undertaken of the publication of primary data and the
publication of meta-analysis in major archaeological jour-
nals over the last ten years, building on recent pilot stud-
ies within archaeology (Marwick & Pilaar Birch 2018). The
review of academic journals provided a contrast to recent
assessments of archaeobotanical data deriving from devel-
oper-funded archaeology (Lodwick 2017c; Van der Veen,
Hill & Livarda 2013). Journal articles have been selected as
the focus of this study as the provision of online supple-
mentary materials in the majority of journals and the abil-
ity to insert hyperlinks to persistent identifiers (eg a DOI)
to link to datasets available elsewhere should not limit the
publication of data and references. Much archaeobotani-
cal data is also published elsewhere, especially from pro-
jects not based in the university sector, that is commercial
or community archaeology in the UK. Archaeobotanical
datasets emanating from this research are more com-
monly published through monographs, county journal
articles, and unpublished (or grey literature) reports, but
these are beyond the scope of the current review.

Alljournal articles were included which represent the prin-
ciple reporting of a new archaeobotanical assemblage. The
selected journals fall within three groups. First, what is con-
sidered the specialist archaeobotanical journal (Vegetation
History and Archaeobotany (VHA)). Second, archaeologi-
cal science journals (Archaeological and Anthropological
Sciences, Environmental Archaeology, The Holocene, Journal
of Archaeological Science (JAS), Journal of Archaeological
Science: Reports (JASR), Journal of Ethnobiology, Quaternary
International, Journal of Wetland Archaeology), which can
be considered as specialist sub-disciplinary journals which
should be maintaining data-quality. Third, general archae-
ology journals (Antiquity, Journal of Field Archaeology,
Oxford Journal of Archaeology, Journal of Anthropological
Archaeology, Journal of World Prehistory). Finally, the
broader cross-disciplinary journals PLoS Oneand Proceedings
of the National Academy of Sciences (PNAS) were included.
Published articles from the past ten years (2009-2018) have
been analysed in order to assess the availability of plant
macrofossil data. This ten-year period brackets the period
where most archaeological journals have moved online and
adopted supplementary materials.

Data citation in synthetic studies has been assessed
in the same range of publications. The extent of data
reuse ranges from the analysis of whole sample data to
the presence/absence of individual crops. The location
of a data citation has been assessed in the same range of
publications, with the addition of journals where occa-
sional research incorporating archaeobotanical data is
featured (Britannia, Journal of Archaeological Research,
Ethnobiology Letters, Medieval Archaeology, Proceedings
of the Prehistoric Society, World Archaeology). The
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underlying dataset for the analysis is available in Lodwick
2019.

4. Findings
4.1. Primary data sharing
Here, the location of primary archaeobotanical data, that
is sample level counts of macroscopic plant remains,
was assessed for 239 journal articles across 16 jour-
nals (Lodwick 2019 Table 1). Figure 1 shows the results
grouped by journal. Overall, only 56% of articles shared
their primary data. In, Antiquity, JAS, JASR, PLOS One,
Quaternary International and VHA, the highest proportion
of publications did not include their primary data, that is
to say that the sample-by-sample counts of plant macro-
fossils was not available. This level of data is comparable to
the findings of other pilot studies in archaeology. Marwick
and Pilaar Birch found a data sharing rate of 53% from
48 articles published in Journal of Archaeological Science
in Feb — May 2017 (Marwick & Pilaar Birch 2018: 7), and
confirm previous assertions that data is often withheld in
archaeology (Kansa 2012: 499). This is better than some
disciplines, with a 9% data sharing rate on publication
found across high impact journal science publications (n
=500) (Alsheikh-Ali et al. 2011) and 13% in biology, chem-
istry, mathematics and physics (n = 4370) (Womack 2015),
yet still indicates that nearly half of articles did not include
primary data. Primary archaeobotanical data is more likely
to be shared in archaeobotanical and archaeological sci-
ence journals than general archaeology journals. However,
within the primary archaeobotanical journal, VHA, 51% of
articles do not include their primary data (Figure 1).
Where primary data was not shared, the data which
was available ranged from summary statistics, typically
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counts or frequencies, reported either by site, site phase,
or feature group. Figure 2 summarises these results by
year, showing that there is a gradient within articles not
sharing their full raw’ data, from those only provided sam-
ple counts on one aspect of the archaeobotanical assem-
blage, to those only presenting data graphically or within
discussion. Beyond full data, the most common form of
data shared is either summary counts per site or sum-
mary counts per feature or phase. Whilst this data does
enable some level of reuse, the results of any sample-level
data analysis presented within an article cannot be veri-
fied, and the data cannot be reused for crop-processing or
weed ecology analysis which requires sample level data.
Furthermore, such data would have been collected on a
sample-by-sample basis, but this information is lost from
the resulting publication.

The forms in which data are made available vary across
journals. The sharing of primary data within an article
remains the most common data sharing form in archae-
obotany (Figure 1). Data tables in text require manual
handling to extract data, in journals such as VHA, whilst
in other journals in-text tables can be downloaded as .csv
files. These however would not be citable as a separate
dataset. Supplementary datasets are the third most com-
mon form of data sharing. Indeed, the use of electronic
supplementary material has been advocated recently for
by some journals, such as the Journal of Archaeological
Science (Torrence, Martinén-Torres & Rehren 2015).
Microsoft Excel spreadsheets are the most common form
of supplementary data, followed by .pdfs and then word
documents (Figure 1). Both xIsx and .docx are proprietary
file formats, and not recommended for long term archiv-
ing or open science principles. There is no indication of
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publications.

improvement over the last decade in the form of data
sharing. In 2018, 50% of articles did not share their pri-
mary data, and where the data was shared, it was in pro-
prietary forms (.docx, xlsx) or those that do not easily
facilitate data reuse (.pdf) (Figure 3).

Just one of the articles included in this review incorpo-
rated a dataset archived in a repository (Farahani 2018),
in contrast to the substantial growth in data reposito-
ries across academic disciplines (Marcial & Hemminger
2010). Other examples provide the underlying data for
monograph publications, such as that of the archaeo-
botanical data from Gordion, Turkey (Marston 2017a,
2017b), Silchester, UK (Lodwick 2018; University of

Reading 2018) and Vaihingen, Germany (Bogaard 2011a;
Bogaard, 2011b).

Several of the journals that have been assessed have
research data policies. In the case of Vegetation History
and Archaeobotany, sufficient papers have been surveyed
to assess the impact of the research data policy on the
availability of data. Figure 4 show the proportion of data
sharing formats through time just for VHA (note the small
sample size). The introduction of a research data policy
in 2016 encouraging data sharing in repositories has not
resulted in any datasets being shared in that format. Of
the 10 articles published in PLOS One after the introduc-
tion of a clear research data policy in 2014, 4 did not
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Figure 4: Chart showing the location of primary archaeobotanical data in Vegetation History and Archaeobotany.

contain primary data. However, elsewhere, journals with
no research data policy, such as Antiguity, has one of the
lower levels of data sharing (Figure 1).

There are various reasons for why a primary dataset may
be lacking. The option of providing supplementary datasets
has been available in many of the journals here since before
the start of the surveyed period (e.g. Vegetation History and
Archaeobotany in 2004), and so cannot be a reason for the
absence of data publication in this journal while it may be
a reason in other journals. Reasons suggested for a lack
of data sharing within archaeology include technological
limitations, and resistance amongst some archaeologists
to making their data available due to cautions of exposing
data to scrutiny, lost opportunities of analysis before others
use it and loss of ‘capital’ of data (Moore & Richards 2015:
34-35). Furthermore, control over how data tables is pre-
sented (taxa ordering, summary data presented) may also
contribute to the preferential publishing of data within
journal articles. Another factor to consider is the empha-
sis on the creation of new data through archaeological
research (Huvila 2016). The creation of a new archaeobo-
tanical dataset through primary analysis is a key form of
training in archaeobotany, and the perception of the value
of the reuse of other previously published archaeobotani-
cal journals may be low, hence not encouraging the sharing
of well-documented datasets. Excellent exams of data reuse
have resulted in influential studies (Bogaard 2004; Riehl
2008; Wallace et al. 2019), and would hopefully encourage
further data sharing in the future.

Given that there are numerous examples of meta-anal-
ysis which do take place in archaeobotany, it seems likely
that the prevalent form of data sharing is through infor-
mal data sharing between individual specialists. However,
this does not improve access to data in the long term, and
is inefficient and time consuming, with large potential for
data errors (Kansa & Kansa 2013), and relies on personal

networks, which are likely to exclude some researchers.
The absence of primary data in many archaeobotanical
publications thus inhibits the verification of patterns
observed within a dataset, and strongly limits the re-use
potential of a dataset.

4.2. Data citation

One of the common arguments for increasing data shar-
ing is an associated increase in the citation of the articles
which have data available. Here, the data citation practices
of meta-analyses of plant macrofossil data undertaken
over the last decade have been reviewed. 20 journals
were consulted, including a wider range of period-specific
journals, and 107 articles were assessed (Lodwick 2019
Table 2). Data citation was assessed as ‘in text’ or ‘in table’
to refer to when the citation and the bibliographic refer-
ence were within the article, as ‘in supplementary data’
when the citation and reference were within the supple-
mentary materials, and as ‘no citation’ when no citation
and reference was provided.

21% of articles (n = 22) did not contain any citations to
the underlying studies. 16% (n = 17) contained citations
within supplementary data files. 50% of articles (n = 53)
contained a citation within a table within the main arti-
cle, and 14% (n = 15) contained citations within the main
text. For the 21% of articles without data citations, the
results of these studies could not be reproduced without
consulting individual authors. The papers supplying the
underlying data also received no credit for producing
these datasets. Where articles contain citations within the
main article (in text or table), full credit is provided to the
underlying studies, a citation link is created through sys-
tems such as google scholar, and the study can be easily
built upon in the future. Where the citation is provided
within supplementary data, the original studies do receive
attribution, but are not linked to so easily.
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Through time, there is a steady decrease in the propor-
tion of studies without citations to the underlying data,
whereby of the 17 meta-analysis articles published in 2018,
only one had no data citations. In comparison, in 2009, 3
out of 8 meta-analysis articles contained no data citation
(Figure 6). Overall this is a more positive outlook on the
reuse of published data, but the consistent presence of
articles lacking data citation indicates that improvements
are needed. Reasons for a lack of data citation may include
restrictions on word counts imposed by journals, a lack of
technical knowledge in making large databases available,
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or the wish to hold on to a dataset to optimise usage.
Considering the type of journal (Figure 5), levels of data
citation are worse in general archaeology journals, with
sub-disciplinary journals showing slightly better levels of
data citation. In particular VHA has a lack of consistency in
where data citations are located.

4.3. Reuse of archived archaeobotanical datasets

The majority of data citations assessed in the previous
section are to articles or book chapters rather than data-
sets. The ADS currently hosts 66 data archives which have
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Figure 5: Chart showing the location of data citations in meta-analysis journal articles by journal type.
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been tagged as containing plant macro data, deriving
mainly from developer-funded excavations but also some
research excavations. However, in some of these the plant
macro data is contained within a pdf. As, the archiving of
archaeobotanical datasets in data repositories is still at an
early stage, the reuse of these datasets is assessed here on
a case-by-case basis. The archaeobotanical dataset from
the Neolithic site of Vaihingen, Germany (Bogaard 2011b)
has not been cited on google scholar. Metrics are provided
through the ADS, showing this dataset has been down-
loaded 56 times with 477 individual visits (as of 25/2/19).
The archaeobotanical dataset from Gordion by Marston
has no citations on Google Scholar (Marston 2017b), nei-
ther does the Giza botanical database (Malleson & Miracle
2018), but these are both very recently archived datasets.
In contrast, the Roman Rural Settlement Project data-
set, which includes site-level archaeobotanical data, has
received greater levels of use, with 12 citations in Google
Scholar, over 40,000 file downloads, and over 35,000 vis-
its (Allen et al. 2018) and the archaeobotanical computer
database (Tomlinson & Hall 1996) has been cited 44 times,
and is the major dataset underpinning other highly-cited
studies (Van der Veen, Livarda & Hill 2008; Van der Veen,
Hill & Livarda 2013). Whilst there is clearly precedence for
the reuse of archaeobotanical databases, current data cita-
tion practices within archaeobotany do not yet appear to
be formally citing individual datasets, meaning an assess-
ment of the reuse of archived archaeobotanical datasets is
challenging.

5. Steps Forward

This review of data sharing, citation, and reuse practices
in archaeobotany has found medium levels of data shar-
ing, good levels of data citation, but so far limited levels
of reuse of archived data sets. This picture is similar across
archaeology, in part attributed to the status of archaeol-
ogy as a small-science, where data-sharing takes place
ad-hoc (Marwick & Pilaar Birch 2018). Here, recommen-
dations are discussed for improving these data practices
within archaeobotany, of applicability more widely in
archaeology.

Clearly an important step is improving the sharing of
plant macrofossil data. Given the reasonable small size of
most archaeobotanical datasets (a .csv file < 1mb), and a
lack of ethical conflicts, there seems to be few reasons why
the majority of archaeobotanical data couldn’t be shared.
In the case of developer-funded derived data, issues of
commercial confidentiality could limit the sharing of data.
A key stage is establishing why levels of data sharing are
not higher. Issues within archaeobotany may include the
conflict between having to publish results within excava-
tion monographs, which may take some time to be pub-
lished, and have limited visibility due to high purchase
costs and no digital access, and the need to publish jour-
nal articles for career progression within academia. The
production of an archaeobotanical dataset is very time-
consuming, and interim publication on notable aspects of
an assemblage may be considered as a necessary publica-
tion strategy. More broadly, one important aspect is issues
of equity in access to digital archiving resources (Wright &
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Richards 2018), such as differential access to funds, train-
ing and knowledge. A recent study in Sweden found that
we need to know concerns, needs, and wishes of archae-
ologists in order to improve preservation of archaeologi-
cal data (Huvila 2016), especially when control of ones
data may be linked to perceptions of job security. In order
to make improvements in data sharing and reuse across
archaeology, we need improved training in data sharing
and the reuse of data in higher education (Touchon &
McCoy 2016; Cook et al. 2018), improved training in data
management (Faniel et al. 2018), and crucially, the neces-
sary software skills to make the reuse of archived datasets
attainable (Kansa & Kansa 2014: 91). Examples of good
practice in archaeobotany are the Vaihingen and Gordion
datasets which demonstrate how datasets can be archived
in data repositories to accompany a monograph (Bogaard
2011b; Marston 2017b), whilst Farahani (2018) provides
an excellent example of a journal article, where the pri-
mary data is supplied as a .csv in a cited data repository
along with the R script for the analysis.

In tandem with the need to encourage authors to share
their data, is the need for journals to create and implement
research data policies. Given the existence of research data
policies in many of the journals included here, this reflects
other findings of the poor enforcement of data policies by
journals (Marwick & Pilaar Birch 2018), supporting argu-
ments that journals should not be relied upon to make
data accessible, and data should instead by deposited in
digital repositries. In order to implement change in data
sharing, there is a role to play for learned societies and
academic organisation in lobbying funding bodies, pri-
oritising data sharing in research projects. A key step is
through journal editorial boards, and the enforcement of
any pre-existing research data policies (Nosek et al. 2015).
Reviewers should be required to comment on the avail-
ability and format of data, and editorial board members
should take this into account when making decisions on
papers. In North American the recent formation of the
Society of American Archaeology Open Science Interest
Group seeks to galvanise open research practices in
archaeology (Marwick et al. 2017).

Beyond moves towards the sharing of data, we also
need improvements in how data is shared in archaeology.
Whilst supplementary data tables are a common option
for sharing data (Figure 1), these contain problems of a
lack of peer-review, lack of curation compared to the main
article, and link decay (Warinner & d'Alpoim Guedes 2014:
155; Whitlock 2011; Costello et al. 2013). Several articles
reviewed here had missing supplementary data files which
should have contained the raw data. However, the use of
supplementary data files is often promoted by journal
editors to save the word count of articles. Furthermore,
publishing of data within journal articles is not an ideal
solution. This often places data behind a paywall, inacces-
sible to those not working for institutions (typically uni-
versities) which subscribe to journals, does not guarantee
the long-term preservation of data (Smith 2008), and does
not enable content searches just for datasets.

Another route to sharing comes through formal data
publication (Kansa & Kansa 2013; Moore & Richards



Art.7, page10 of 15

2015: 38). Whereby data sets are published as data
papers and assigned a DOI, for example the Journal of
Open Archaeology Data provides a venue for the publica-
tion of datasets archived in repositories with examples
of the publication of archaeobotanical datasets from
Neolithic Europe (Colledge 2016) and Bronze Age Ireland
(Johnston 2014). This practice ensures that datasets are
peer-reviewed, quality checks are made, authors receive
increased credit, and the survivability of data is increased
(Costello et al. 2013; Kansa & Kansa 2013; Tennant et al.
2016). A number of data archives are available for archae-
ological datasets which incorporate peer review, such as
tDAR (The Digital Archaeological Record), Open Context
and ADS. Other options available are PANGAEA or Dryad
(Warinner & d'Alpoim Guedes 2014). Many academic insti-
tutions also provide data repositories, but these would
not facilitate specialist peer review of the dataset prior
to making it publicly available. It should be remembered
that the sharing of data is usually not sufficient to enable
reuse, and meta-data must be provided (Atici et al. 2013).
Metadata specific to archaeobotanical data would be the
taxonomy used, context and sample number, sample vol-
ume, flot and mesh size, flotation technique, sub-sampling
specifications, along with site meta-data. Whilst this paper
has considered archaeobotanical datasets in isolation, all
datasets were born from an entire archaeological excava-
tion — and need to be integrated alongside other special-
ist's data (Faniel et al. 2018: 114). A drawback of sharing
archaeobotanical datasets separately from information on
the rest of the archaeological site is that they may lack suf-
ficient information about the site stratigraphy and chro-
nology to enable accurate reuse.

Work is also needed in agreeing standardised formats for
referring to archaeobotanical taxa, which would make reuse
easier and quicker. Currently, archaeobotanical datasets use
different names depending on which flora is being referred
to, making the larger-syntheses of datasets challenging.
Currently, ArboDat users produce datasets with the same
plant codes or P codes —a seven letter code referring to plant
family, genus or species based on Flora Europaea (Kreuz and
Schafer 2002; Halliday and Beadle 1982). However, the
database is mainly designed for use in central and western
Europe, relies on central agreement for the addition of new
species, and is also requires the use of proprietary software
(Microsoft Access). A further advance would be the adoption
of Linked Open Data concepts in archaeobotany, astep which
has been taken in zooarchaeology (Kansa 2015; LeFebvre et
al. 2019). Linked Open Data would not enforce the universal
adoption of the same flora, but through referring to per-
sistent taxonomic identifiers, such as the Encyclopedia of
Life, would enable the connection of archaeobotanical
and biological data. However, the use of standardised data
archiving formats and naming systems must come through
community agreement.

Improvements in data citation within journal articles
must come from journal editors. Growing numbers of
journals have Research Data Policies which encourage the
citation of sources of underlying data. Again, the imple-
mentation of these lies with the journal editorial boards.
Further steps towards reproducibility in archaeobotany is
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the use of code driven analysis rather than point-and-click.
It has been recently argued that a tool-driven scientific
revolution in the use and sharing of code is emerging in
archaeology (Marwick & Schmidt 2019). Two examples of
archaeobotanical papers which have shared their code are
d’Alpoim Guedes et al. (2015) and Sinensky and Farahani
(2018). Such work in standard archaeobotany is limited,
but related examples include the creation of a R package
for morphometric analysis (Bonhomme et al. 2014), and
the use and sharing of code to analyse climate archaeol-
ogy (d'Alpoim Guedes, Jin & Bocinsky 2015) and stable iso-
tope analysis results from charred plant remains (Styring
et al. 2017).

The benefits of improved data sharing practices are wide-
ranging. Improvements to data citation practices would
ensure that authors gain citation credit for increasing the
reusability of their data and encourage more formal data
sharing of archaeobotanical data in the future (Kansa &
Kansa 2014; Marwick & Pilaar Birch 2018). Beyond the
practicalities of ensuring one’s own data is not lost, and
future meta-analysis is more successful, improving data
practices in archaeobotany would stop the fragmenta-
tion of the field by ensuring reuse of archaeobotanical
data by others within and beyond archaeobotany can take
place (Marston, Warinner & D’Alpoim Guedes 2014: 12).
Furthermore, there is hope that access to primary data
would encourage debate within the discipline, advance
intellectual understanding and have economic benefits
(Moore & Richards 2015: 30). There are numerous ben-
efits for increasing openness of archaeobotanical data
such as increased potential for new scientific findings,
increased professionalism and increased scientific rig-
our (Moore & Richards 2015: 34-35). However, there are
currently insufficient reward mechanisms to motivate
data sharing and other open research practices within
archaeology. The Open Science Framework has created
badges which can be assigned to journal articles which
meet open science practices, but the uptake in archaeol-
ogy journals is currently limited to Internet Archaeology
(Nosek et al. 2015).

A recent FAIR report has stated that standards in data
sharing in archaeology are maintained through the publi-
cation of good practice articles (Allen and Hartland 2018:
23). However, it is worth considering whether a more
top-down approach through disciplinary institutions is
needed to encourage better data sharing and reuse prac-
tices, especially given the lack of better data sharing prac-
tices in sub-discipline specific journals (Figures 1 and 4)
and the absence of improvements in data sharing through
time (Figure 3). Given the advances made in recent
years by zooarchaeology, a field in many ways similar to
archaeobotany in term of its position in archaeology more
broadly and in terms of the excavation process, there is
much scope for improvement.

6. Conclusions

In undertaking one of the largest assessments of data
sharing and citation practices in archaeological research
published within peer-reviewed journals, this article has
found that levels of data sharing of archaeobotanical data
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require improvement, with only 56% of 239 papers shar-
ing their primary data. The data that is being shared is
not in forms amenable to reuse. This picture is likely to
be similar across archaeology. Data citation practices are
better, with 79% of 107 articles citing their data sources,
albeit with exceptions in major journals. The formal pub-
lication of datasets and reuse of them is so far limited
within archaeobotany. This low level of data sharing and
lack of data citation prohibits future work in archaeobot-
any, increases errors in meta-analysis studies, and prohib-
its the reuse of archaeobotanical data by other disciplines.
A number of pathways to promote the sharing and reuse
of archaeobotanical data have been discussed, including
improved author guidelines in journals, and increased
rewards for data sharing. Improvements in data citation
standards would assist with promoting data sharing, along
with the creation of meta-data standards, whilst the shar-
ing and reuse of archaeobotanical data in other publica-
tion formats is required. Finally, it is vital that such issues
are discussed within the archaeobotanical and broader
archaeological community.

Data Accessibility

The data that support the findings of this study are openly
available in Oxford University Research Archive at http://
doi.org/10.5287/bodleian:7QkmEEp9Y.
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