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ABSTRACT

For much of its history, archaeological research has relied on site-specific projects, regional comparisons, and theory building from case
studies. However, recent research themes concerning the emergence of complex social-ecological systems and long-term land-use legacies
require a new approach to archaeological data. Large-scale syntheses of archaeological data provide an effective way forward to address
these new research themes. In more concise terms, “big questions” require “big data” to help answer them. The archaeological information
collected by the USDA Forest Service is one such “big dataset” and represents an incalculable investment in time, resources, and expertise.
This article explores this concept and presents an R package (ArchaeoSRP) designed to extract archaeological information from USDA
Forest Service site record files. We demonstrate the functionality of this R package through a case study examining the archaeological data
for the Cle Elum Ranger District, within Central Washington’s Okanogan-Wenatchee National Forest. Our results reveal the efficiency of
using automated methods to extract, organize, and synthesize district-level archaeological data, which, in turn, reveal patterns of precontact
and historic land use that were otherwise not distinguishable.

Keywords: archaeological synthesis, R, cultural resource management, USDA Forest Service

Durante un gran parte de su historia, investigaciénes arqueoldgicas se basaban en proyectos del sitios particulares, comparaciones
regionales y el desarrollar de teorias desde estudios de casos. Sin embargo, los temas de investigaciones recientes relacionados con la
emergencia de sistemas socio-ecolégicos complejos y de la utilizacion de la tierra a largo plazo necesitan una nueva metodologia para los
datos arqueolégicos. Las sintesis de datos arqueoldgicos de escalas amplias proporcionan una manera eficaz para encargarse de tales
nuevos temas de investigacion. Es decir més concisos, los “grandes cuestiones” demanden “grandes datos” para contestarlas. La
informacién arqueoldgica recolectada por el Servicio Forestal del USDA es un ejemplo de tales “grandes conjuntos de datos” y representa
una inversién incalculable del tiempo, recursos y experiencia. Este manuscrito explora este mismo concepto y presenta un paquete en el
programa de R (ArchaeoSRP) disefiado para extraer informacién arqueolégica desde los archivos de sitios del Servicio Forestal del USDA.
Demostramos la funcionalidad de este programaa través de un estudio de caso que examina los datos arqueolégicos del Cle Elum Ranger
District, dentro del Okanogan-Wenatchee National Forest del centro del Estado de Washington, EEUU. Nuestros resultados demonstrar la
efectividad del uso de métodos automatizados para extraer, organizar y sintetizar datos arqueoldgicos al nivel de distrito, lo que igual-
mente dar a conocer patrones de la utilizacion de la tierra prehistéricas e histéricas que no eran identificable de otra manera.

Palabras clave: sintesis arqueoldgica, R, gestion de recursos culturales, Servicio Forestal del USDA

Recent research themes concerning the emergence of complex
social-ecological systems (Barton et al. 2004; Silva et al. 2022),
long-term land-use legacies (Stephens et al. 2019), and the
development of the Anthropocene (Ellis et al. 2021) require new
approaches to collecting and interpreting archaeological datasets.
Large-scale syntheses of archaeological and paleoenvironmental
information provide one possible way forward in addressing new
research themes, given that they provide new means of assessing
emergent patterns of social and ecological change over large
spatial and temporal scales that may not be visible from individual

sites alone (Ellis et al. 2021; Stephens et al. 2019). In more concise
terms, the “big questions” in archaeological research often require
"big data” to answer them (McCoy 2017). Operationalizing big data
has the potential to inform theory and interpretations to address
macroscale archaeological questions, landscape-level manage-
ment of archaeological and other cultural resources, and strategies
for preservation (Altschul 2016; Doelle et al. 2016; Huggett 2020,
Perreault 2019; Wilshusen et al. 2016). One of the most prevailing
challenges in archaeological synthesis is access to large datasets
that are curated, comparable, and spatially/temporally explicit. The
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nature of cultural resource management (CRM) and other archae-
ological compliance data collection, which account for most
archaeological data generated in the United States today, further
complicates this challenge because the scope, methods, and
reporting for CRM are highly variable and dependent on the
managing agency's protocols and requirements. This can be par-
ticularly true of federal agencies, such as the USDA Forest Service,
National Park Service, Bureau of Land Management, and others.

The USDA Forest Service (USFS) currently manages databases of
archaeological material for the National Forest System, which
encompasses over 93 million ha (230 million acres) of forests,
grasslands, wilderness areas, and research units throughout the
United States. These data include spatial information and
detailed descriptions of sites, isolates, and cultural landscapes
from the late Pleistocene to the mid-twentieth century. The
research potential for these data is astounding, particularly if
they can be efficiently synthesized through space and time. Such
an endeavor would not only strengthen this dataset’s role in
management but also reposition cultural resources as a valuable
tool in creating policy and restoration efforts with heritage
resources and archaeology at their center (Foster et al. 2003;
Helmer et al. 2020). The potential of these archaeological data-
sets is recognized by the research and management communi-
ties (Schlanger et al. 2015), and efforts to integrate or synthesize
CRM databases and other large archaeological datasets are
currently underway (e.g., Halford and Ables 2023; Ortman and
Altschul 2023).

More than a century of archaeological research continues to
shape how we interpret the past through ever-increasing cata-
logs of the data we collect and refinement of new methods and
techniques we develop. This “deluge of archaeological data”
has the potential to both answer new questions and overwhelm
the analysts asking them (Bevan 2015). The term "big data”
refers to large-scale datasets that can be used to answer ques-
tions that are often unanswerable with smaller-scale data. In
archaeology, big data can be described in a multitude of
dimensions, ranging from global-scale spatial datasets derived
from remote sensing (VanValkenburgh and Dufton 2020), to
regional-scale reconstructions of social networks (Mills et al.
2013), and everything in between. In our view, regardless of the
dataset’s scope or reach, its curation and potential for synthesis
remains a vital component of the “big data” movement within
archaeology (Altschul 2016).

Archaeological research from federal repositories, state site files,
and State Historic Preservation Offices (SHPOs) constitute
incredibly valuable "big” datasets. However, many of these
databases still exist as paper forms or digital copies of paper
forms, which limits their potential for data extraction, analysis, and
comparison. Making these datasets more accessible for man-
agement and research would require a substantial investment in
digitizing and making text from paper forms machine readable to
enable researchers to extract and synthesize information from
these sources (Fletcher 2023). These efforts are currently underway
in many federal repositories (e.g., USDA Forest Service Heritage
Natural Resource Manager [NRM] Database) and through non-
profit and university-affiliated repositories (e.g., tDAR [McManamon
et al. 2017], Open Context [Kansa et al. 2020], Archaeology Data
Service [Wright and Richards 2018]); however, they are primarily
focused on data management or preservation rather than dataset
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synthesis or analysis. Keyword extraction, site record indexing,
and other means to make archaeological data standardized,
searchable, and accessible in these large bodies of gray literature
remain elusive goals.

Federal archaeological repositories, such as the USDA Forest
Service (USFS) NRM database, are also subject to unique con-
straints that limit sharing the location and content of many of the
archaeological sites they manage. Unlike other “big data” initia-
tives in the natural sciences to make data more accessible and more
transparent (e.g., Neotoma Paleoecology Database [Williams et al.
2018] and the Global Paleofire Database [Aleman et al. 2018)),
federal laws and programmatic agreements with Tribal Nations
mean diligently protecting sensitive archaeological information
yet also ensuring that federally funded projects generate knowl-
edge that is available and useable for the benefit of the public.
Additionally, archaeological sites managed within the National
Forest System often do not have a single site form associated with
them; instead, they have a series of site updates and monitoring
reports that build on an initial inventory and investigation. In some
instances, an archaeological site originally recorded in the 1980s
has been revised and its record updated on numerous occasions
over the last 40 years. The subsequent site record is more akin to a
living document rather than a definitive report, given that new site
boundaries, artifact concentrations, and interpretations may have
been added to the record during the duration of its management
life. These challenges, coupled with the prohibitive amount of time
and resources needed to digitize and index archaeological site
records manually, highlight the need for new tools that are
designed to extract archaeological data from paper site-record and
update forms quickly and efficiently.

In response to these challenges, we present and outline the func-
tionality of the Archaeological Site Record Processor (ArchaeoSRP),
an R package of functions for reading, parsing, and extracting per-
tinent site information from USFS archaeological site records to
create rich datasets for large-scale research syntheses or manage-
ment. The package was developed using (1) R (ver. 4.2.0), a free and
open-source language and environment for statistical computing (R
Core Team 2023); and (2) RStudio (ver. 9), a freely available interface
for coding and visualization in R (Posit Team 2023). R can be used to
conduct a wide range of statistical analyses useful for archaeologists
(see Marwick 2023) and excels in data visualization while lending
itself well to generating reproducible research (Marwick 2019). The R
language is also highly extensible through downloadable “pack-
ages,” which are created and managed by members of the R
community. Archaeologists have contributed numerous packages
on topics such as dating (e.g., Dosseto and Marwick 2022), artifact
analysis (e.g., Carlson and Roth 2021), spatial analysis (e.g., Plutniak
2022), and visualization (e.g., Steinmann and Weissova 2021). The
ArchaeoSRP package is freely available and updated via GitHub
(Bergin and Snitker 2023a), and it can be installed via R using the
remotes package (example: remotes::install_github(“seanbergin/
archaeosrp”)).

METHODS

Simply scanning paper documents to create digital copies does
little to make the information accessible and usable or to increase
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its longevity, particularly when they are rendered as non-machine-
readable formats (Clarke 2015). Although digitizing archaeological
documents and other information is a commendable first step in
data preservation, we, and others, envision digital data as a part
of larger goals for creating opportunities for greater access,
replicability, and stewardship in the archaeological community
(Marwick et al. 2017). New tools are necessary to accomplish these
objectives, especially with datasets from public lands.

Given the issues and goals at hand, ArchaeoSRP systematically
parses archaeological site records and saves specific information
to a tabular form for future management or analyses. This type of
package may be designated an extract, transform, and load tool.
Once the dataset is recorded in a standardized format, it becomes
possible to work within it to either search for specific keywords or
bring the data to bear on specific research questions.

The ArchaeoSRP package is designed to extract information from
documents that use standardized recording forms. Such forms
have long been used by state site files, museums, historic pres-
ervation authorities, and federal archaeological repositories to
ensure that the proper information is recorded and to enable the
comparison of information from different sites or surveys. Obuvi-
ously, a single or universal form is not used by all research
organizations or managing agencies. Therefore, the first task for
the ArchaeoSRP package is to identify a given form type so that
the type and location of information recorded on a form can be
accurately identified.

The ArchaeoSRP package was created with the intention of
providing it to the wider archaeological community, including
land managers, practitioners, and researchers. The package is
available for use or modification from GitHub, and information
on how to use or modify this package is accessible from
documentation and a vignette included there (Bergin and Snitker
2023a). The package is fully customizable, which allows other
archaeologists to alter this package to record different information
from scanned documents or identify new types of site forms

for their project-specific needs. The package can be installed to
R directly from the GitHub repository as described in the
package’s “Read Me” and illustrated in a CRAN-style vignette
(Bergin and Snitker 2023a).

In order to use the ArchaeoSRP package, a user must supply a
directory that contains all of the site forms as individual PDFs.
The ArchaeoSRP package converts from PDF to text by way of
an optical character recognition (OCR) engine called Tesseract,
which was initially developed by HP and subsequently maintained
as an open-source project by Google until 2018 (Smith et al. 2022).
In short, Tesseract converts an image of a word to the actual
characters. The Tesseract engine can be trained to identify new
character types, which is useful in converting handwritten

notes (although see Fletcher 2023). However, most records in
our case study contain typed script, so the default character
sets were used. The ArchaeoSRP package also makes use of the
Magick (Ooms 2023a), Pdftools (Ooms 2023b), and Stringr
(Wickham 2022) packages to aid in image processing and text
identification. Once each PDF in the directory has been scanned,
a dataframe is returned with information identified and recorded

Advances in Archaeological Practice |

https://doi.org/10.1017/aap.2023.22 Published online by Cambridge University Press

A Journal of the Society for American Archaeology |

by the package. A directory with example site forms containing
“dummy” information is included so that users can test the
package.

Although standard forms are often used by agency archaeologists
and contractors, forms vary significantly between regions, by the
types of archaeological materials being recorded, or throughout
the life of an organization or program (See Figure 1). Therefore,
the challenge is identifying similar types of information across
disparate types of forms or recording styles. For example, a form
might refer to a site’s chronological information or date as a
"Period of Use,” another form type might refer to a “Chrono-
logical Period,” and a third form type might use the term
"Estimated Age.” All three forms contain the same information,
but identifying them all as the same data type is difficult. For
this reason, ArchaeoSRP’s first step is identifying the type of
form it is analyzing.

Phrases unique to a site record form are initially documented,
then subsequently used as identifier key so that the form type can
be recalled. In many cases, the form types contain unique headers
that can be used to identify them. For instance, the phrase
"Department of the Interior” is used to identify a specific docu-
ment type, whereas "Cultural Resource Isolated Find” indicates
another. Not all document types can be easily identified by a
single phrase, so multiple phrases were used to identify them.
Examples of form identifiers are highlighted in Figure 2: Step 1.
Currently, 21 form types have been identified and included in
ArchaeoSRP. New document types can be added as they are
identified, and users are encouraged to identify and submit new
form types via GitHub (Bergin and Snitker 2023a; see Bergin and
Snitker 2023b for instructions on how to add new document
types).

Once the form type has been determined, the package identifies
the type and location of information that should be recorded. We
use a "bookend” approach to search a document for information
by defining the words that come before and after information that
should be recorded. Using this approach allows for the targeting
of specific information when the exact length or amount of infor-
mation that was originally recorded is unknown. It is difficult to
record the exact word or words that follows a key phrase such as
“site name"” because we cannot predict the particular length of a
given site name. For instance, the information after “occupation
period:” could simply include a two-word phrase such as "early
archaic.” On the other hand, a record may include much more
detailed information, such as “early archaic with a historical
homestead nearby that records indicate was abandoned in 1920.”
In this case, we are able to capture all of the original information
because the “bookend” approach records everything written in
answer to a given prompt. An example site record is shown in
Figure 2: Step 2. ArchaeoSRP records the information that follows
"any):" and is before “location” to identify the site name listed on
the form. Using this approach, ArchaeoSRP is able to record
location information, site use information, and chronological
information. Specific “bookends” are determined after the form
type has been identified and the information is recorded. This
process is repeated for each site record and recorded as a
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ArchaecoSRP

Forest Service Number Region 6 u.s

Forest: Ranger District:

Cultural Resource Site Report
.F.S.

page 1 of 7_

Permanent Number

County:

Site Name (if any):

LOCATION DATA: TRI Compartments:

Aerial Photo: Number

Legal Description: 1/ 1/6___1/4___1/6, sec.___, T. R.
1/ 1/ 1/ 1/, see.__, T. R.
Flight Date

UTM: Zone, Easting
. =

Northing,

U.S.G.S. Quad.: Nam

Series Date

Elevation: Feet:

Meters: to,

o
Describe access to the site and site datum:

SETTING:
Terrain: General Topography:

Land Form:

Slope
Aspect.

Soils: Surface:

Depth:

Subsurface:

Depth:

Bedrock:

Flora:

On-site
Overstory -~

Surrounding Site

Y.
Ground Cover,

Water Sources:
Name Type Distance
H : on site

Relation to major drainage:
Other Environmental Features:

Direction Drainage Basin

Site Dimensions: (

L Acres
Date(s) of Use (as specific as possible):

Depth:

How Date

Site Type/Function/Use:

How 3

Physical Data:

STATE OF WASHINGTON

ARCHAEOLOGICAL SITE INVENTORY FORM

Site No.
County: Kittitas

Date: Compiler:
Location Information Restrictions:

. SITE DESIGNATION )
Site Name:
Field/ Temporary ID:
Forest Report No.:
Site Type:

SITE LOCATION

*USGS Quad Map Name:
*Legal Description: Section(s): Quarter Section(s):
*UTM: Zone Easting: Northing:
Latitude: Longitude: Elevation (f/m):
Other Maps Type
Scale Source:
Drainage, Major: Drainage, Minor: River Mile:
Aspect: Slope:

*Location Description (gencral to specific):

Approach (to relocate):

e
Forest Service Number

CULTURAL RESOURCES SITE REPORT

-_—
Permanent Number

Ranger District:

County:

Flight Line
Easting Northing

Feet: Meters:

Describe access to the site and site datum:

Setting

Temain: General Topography:

Land Form:
Sois: Surface:

Subsurface:

Bedrock:

Water Sources:
Name b

Relation to major drainages:

Other Environmental Féatures:

it

Depth:

Surrounding Site

Direction Basin

Site Dimensions:

Date(s) of Use (as specific as possible):
How Date Determined:

Site Type/Function/Use:

How Determined:

C :

d

WASHINGTON ARCHAEOLOGICAL SITE lNVENTORY‘ FORM

Date .

Site Name

Location Informaton Restrictions: Yes___ No

Compiler

County
Site #

—_—

———
(for WARC use only)

Field or other desi

UT™:*

Legal Description:*

T R S8
Latitude. ° . * Longitude ° :

USGS MAP:*  Quad Name.

Series Date
Other Maps: Type
Scale Source Date
Drainage: Major Minor, River Mile
Aspect Slope

Location Description (general to specific)

Approach (to relocate)*

for official site

FIGURE 1. A sample of the first page from distinctive site form types: (a) Site Document Type 3, (b) Site Document Type 4, (c) Site

Document Type 8, and (d) Site Document Type 10.

dataframe in R that can be further modified or exported to other

formats, as illustrated in Figure 2: Steps 3 and 4. Currently,

ArchaeoSRP extracts information on location, site attributes (e.g.,
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site number, size, chronology), and site description; however, the
"bookend” approach allows us to extract any information that is

recorded on a given form.
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1. Identify the type of site form based on the document’s header

|

¥

00-00-0000 | Cultural Resource Site Reporcl
Forest Service Number Region 0 U.S.F.S. Permanent Number
Forest: Pacific Ranger District: Huckleberry County: Basalt

| Site Name (if any): Creek Lithics

2. Save information based on the words that come before and after the information
we wish to record based on a “bookend” approach:

00-00-0000 Cultural Resource Site Report
Forest Service Number Region 0 U.S.F.S. Permanent Number

Forest:_ Pacific Ra : Huckleberry County: _Basalt

Site Name (if Creek Lithics

[EOCATION JDATA :
Leggl Descripti
Aerial Photo: ';,]',ix‘iz"y["' 7 Flieht Dare R/71Q /R¥

} !

Word1 | Word or Phrase | Word 2
Site Name any): Creek Lithics Location

I Compartments:| Keenan 4400, Walter 4400
n: 1/ SE 1/4 SW 1/4 SW 1/4, sec. 27 , T.19N R. 86E, W M

Y Y Y e

Aerial Photo: Number 1800-00  “Fligne ' Date 8/19/85

UTH NortHing| [522

5 %y Pacific eries '~ Date 1958
meeean: Feet: MO0 B e Metars:
Word1 | Word or Phrase | Word 2
Zone Zone 250 Easting
Easting Easting 6554110 Northing
Northing Northing 5222750 U.S.G.S.
Site Dimensions: 60m. N-S x 30m. E-W Acres <l Depth: _unknown

Date(s) of Use (as specific as [possible): Erehistoric! historic]

Dat:e Determined: presence o thic debitage and early historic artifacts
Site [Type/Function/Use:[ temporary camp |

[How]petermined: _site size, location, and ethnographic accounts of Native

American use of upland and mountain environments

Physical Data: Prehistoric cultural materials at this site include more than 30
flakes, and pieces of angular shatter, and one bifacially worked flake.
Word 1 Word or Phrase Word 2
Period possible): prehistoric, historic How
Site Use Type/Function/Use: | temporary camp How

3. Record Information from the document to a database of all the scanned sites

el el

00-00-00-0000 Creek 250 6554110 5222750 Prehistoric, Temporary
Lithics historic camp

4. This process continues with each site record in the specified directory.

FIGURE 2. Overview of the ArchaeoSRP workflow and extraction procedure using fictitious data.
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The ArchaeoSRP package was designed with the Cle Elum case
study in mind, and it has only been applied to this test case thus
far. The aim of designing this R package around the concept of
document types is to make it possible for future users to define
their own document types. However, in customizing this package
for our case study, we noted the challenge of identifying words or
phrases that make a given form unique. For example, form types 3
and 8 (see Figures 1a and 1d) both use the title “cultural resources
site report.” In this case, the presence of a second title, “Location
Data,” is used to distinguish document type 3 from document
type 8. Recognizing potential “bookends” and unique identifiers
can make the initial identification of a new document type a
tedious process, but it is one that ultimately saves time when
processing multiple documents. A similar consideration is the
repetition of words used as “bookends” within a document. If a
word used as a "bookend” occurs multiple times within a docu-
ment, then further efforts are necessary to designate which
occurrence to use.

An important issue that ArchaeoSRP does not address is the
accuracy of the text scanned by the OCR engine Tesseract. Here,
we only use OCR on text that has been typed, which minimizes the
number of errors, but some errors do occur, and in any application
such as this, there is a possibility that the OCR engine misidentifies
a character. In many cases, the errors made by the OCR are con-
sistent for a document type and obvious when further attempts
are made to use the data. For instance, when performing the OCR
on document type 7, the number “10” is often imported as “jo”
for the UTM Zone. Given that a number is expected, the error is
clear, and in this case, the identification of “jo” as the UTM zone is
automatically changed to “10.” Nevertheless, errors can be
included when conducting the OCR, and for this reason, we rec-
ommend that users implement project-specific quality assessment
and quality control protocols to ensure that the data in their site
forms match the information recorded using ArchaeoSRP.

APPLYING ARCHAEQOSRP TO
RECORDS FROM THE CLE ELUM
RANGER DISTRICT, OKANOGAN-
WENATCHEE NATIONAL FOREST

In collaboration with the Cle Elum Ranger District of the
Okanogan-Wenatchee National Forest in central Washington
State, we developed a case study to evaluate the utility of the
ArchaeoSRP package in extracting and synthesizing archaeo-
logical information from paper site and isolate recording forms.
The Cle Elum Ranger District is composed of 419,554 acres within
Washington State’s Central Cascades and Eastern Slope, encom-
passing multiple ecological zones that include the crest of the
Cascade Range, ponderosa pine ecosystems with the eastern
foothills, and the western portion of the Yakima River Basin
(Figure 3). Archaeological compliance work has occurred on this
forest continually since the late 1970s, resulting in almost 800 sites
and isolates described over the last four decades. For the last
several years, archaeological site and isolate records have been
generated using electronic forms; however, most of the archaeo-
logical records exist as paper copies that are housed at the Cle

November 2023 |

https://doi.org/10.1017/aap.2023.22 Published online by Cambridge University Press

Advances in Archaeological Practice |

Elm Ranger District and at the Okanogan-Wenatchee National
Forest Supervisor's Office. Prior to developing this case study, a
complete digital archive of all known site forms for the Cle EIm
Ranger District did not exist.

The cultural history of the Cle Elum Ranger District follows
chronologies similar to the adjacent Puget Sound, Columbia River
Basin, and Columbia Plateau regions. Although no specific cul-
tural chronology has been established for the Central Cascades,
the generalized chronology is developed from regional datasets
that mark general changes in land-use, settlement, and subsis-
tence strategies as reflected in the material record (Kirk and
Daugherty 2007; McManamon et al. 2009). Table 1 presents the
regional archaeological periods used for the Cle Elum Ranger
District in this case study.

The ArchaeoSRP package was used to extract information from
archaeological record forms from the Cle Elum Ranger district of
the Okanogan-Wenatchee National Forest. A total of 770 site
records were scanned and saved as PDFs by the authors.
Archaeological record forms exhibited a range of recording dates
that matched the history of the cultural resources program for the
district—from 1977 to 2020—which is when this case study was
completed. The PDFs were used to identify all possible site record
form types used by the district over the previous 43 years, result-
ing in a total of 21 unique form types. Each form type was used to
create a template from which pertinent information on each site or
isolate could be extracted. For this case study, the specific infor-
mation extracted by ArchaeoSRP includes USFS site number,
location, any chronological information, site type, and the inter-
preted use of the site.

Site location is a key piece of information extracted by the
ArchaeoSRP package. However, the specificity and type of spatial
information associated with each site record varies by the date of
recording and the frequency of subsequent site condition updates
conducted at the site. For example, some sites recorded in the
1970s and 1980s include site location information derived from the
Public Land Survey System (PLSS), including township, range, and
nested quarter sections. Later site records include generalized
UTM coordinates derived from approximate locations on paper
maps, or latitude and longitude coordinates rounded to the
nearest second. Finally, modern site records contain UTM coor-
dinates recorded in the field using handheld, recreational, or
professional-grade GPS units. Regardless of the method used to
collect spatial information for a site, all of the relevant metadata
pertaining to a site’s location (e.g., datum, coordinate system) is
also extracted and collected in the ArchaeoSRP package. A user is
able to convert or compare locational data with either a standard
geographic information system (GIS) or any of the spatial
packages available within R.

The ArchaeoSRP package was able to successfully scan and
extract information from 94% of the forms (n =721, total = 770).
Forms that were not successfully extracted by ArchaeoSRP were
those that contained handwritten information in multiple fields
(training Tesseract to read handwriting is possible but difficult [see
Fletcher 2023]) or that were recorded on unique forms with non-
standard formatting. The computation time for this procedure
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Okanogan-
Wenatchee NF

\Cle Elum Ranger
District

Elevation
2,400 m
850 m
15 20 km

FIGURE 3. Location of the Cle Elum Ranger District within the Okanogan-Wenatchee National Forest in central Washington.

took approximately five hours on a desktop computer, which
represents a substantial improvement in time expenditure over
digitizing and data entry by hand. All extracted site information
was output as a tabular dataset. The site records analyzed and
transcribed by the ArchaeoSRP package formed the basis for the
following data exploration of archaeological site density and
temporal patterns in the Cle Elum Ranger District.

Mapping Archaeological Site Distribution and
Density

The spatial information extracted from each site record by
ArchaeoSRP was used to map archaeological site density across
the entirety of the Cle Elum Ranger District. Site locations were
used to aggregate sites into 1 x 1 km grid cells to evaluate broad
trends in density and to accommodate for differences in spatial
accuracy in locations collected over the last 40 years. Figure 4a
demonstrates the density of archaeological sites and isolates
recorded by the ranger district and extracted using ArchaeoSRP.

The density of archaeological sites is variable throughout the
district, but the information from site forms alone does not indi-
cate if this is due to an absence of archaeological material or an
absence of archaeological reconnaissance in these areas. We
evaluated this question by linking extracted archaeological
information to pedestrian archaeological survey coverage to map
potential archaeological site density based on these two inputs.

Advances in Archaeological Practice |

https://doi.org/10.1017/aap.2023.22 Published online by Cambridge University Press

A Journal of the Society for American Archaeology |

Survey coverage data were compiled from digitized reports or
through the Washington Department of Archaeology and Historic
Preservation (DAHP) WISAARD online repository. Due to limited
data availability, only archaeological survey polygons after 1995
were available. Survey polygons data were used to calculate per-
cent coverage in the same 1 x 1km grid cells that were used to
map site density (Figure 4b). Potential site density was calculated
by dividing actual site density by the percent survey coverage for
each cell. The resulting metric indicates a potential density of
archaeological sites within the grid cell if the entirety of the cell
were to be surveyed. For example, a 1 x 1 km grid cell with 100%
survey coverage and 10 archaeological sites would have a
potential site density of 10 sites per km?. A grid cell with 20%
survey coverage and 10 archaeological sites would have a
potential site density of 50 sites per km?. When taken together,
site density and potential site density illustrate which portions of
landscape are the highest priority for archaeological survey and
site recording within the Cle Elum Ranger District, and they reflect
areas requiring archaeological survey as mandated by the federal
NEPA regulatory process (Figure 4c). However, this exercise also
identifies areas that lack adequate survey coverage but may
nonetheless have high site density, which provides resource
managers and researchers with expectation for where to locate
new survey projects or to prioritize project objectives during future
field campaigns. It is important to note that this exercise assumes
all portions of the landscape as having equal likelihood of con-
taining either precontact or historic archaeological sites—a

November 2023


https://doi.org/10.1017/aap.2023.22

TABLE 1. Regional Archaeological Periods Adapted from the
Archaeological Chronologies Currently Used by Cle Elum
Ranger District for Managing Cultural Resources within the

District.

Estimated Date

Archaeological Period Range

Postcontact
AD 1945-1970
AD 1930-1945

Post-War Recreation
Civilian Conservation Corps (CCC) / Great
Depression / WWII

Commercial Period (Mining/Logging/ AD 1880-1930

Trapping)
Contact / Euro-American Exploration / Fur AD 1720-1880
Trapping
Precontact
Late Archaic 2000 BP-AD 1720
Middle Archaic 5000-2000 BP
Early Archaic 8000-5000 BP

Paleoarchaic 11,000-8000 BP

Pre-Clovis/Clovis +15,000-11,000 BP

condition that does not reflect the reality of the cultural history of
this region. However, this is not an attempt at predicting site
locations, evaluating survey effectiveness, or modeling land use.
Rather, we utilize the data extracted with ArchaeoSRP to simply
visualize the relationship between survey coverage and sites
encountered (from both precontact and historic periods) for the
district as a whole in order to provide baseline information to
guide future research and inventories, which can help us under-
stand how factors such as landform, access to resources, and
cultural values influence archaeological site location.

Use of the ArchaeoSRP package to extract chronological and
spatial data allows us to conduct a preliminary evaluation of
changes in archaeological sites encountered within the area cov-
ered by the documents we processed. Here, we conduct a simple
data exploration of site chronology and distribution throughout
the Cle Elum Ranger District using information from the cultural
chronology established for the region (Table 1). Archaeological
chronology, site type, and information pertaining to the inter-
preted use of the site are extracted from each site record and used
to develop chronological maps of archaeological site distribution
across the Cle Elum Ranger District. For each 1 x 1 km grid cell,
the number of archaeological sites with specific chronological
markers (e.g., diagnostic artifacts, features, primary documents,
dating methods recorded in the site form) are aggregated by
archaeological period. For example, a site record that documents
a single Cascade Point, which dates from 9000 to 5700 cal BP
based on established typologies for the region (e.g., Carter 2017),
is added to the tally of Middle Archaic sites for its corresponding
grid cell. The same logic is applied to sites with multiple com-
ponents, such as a site with both a Columbia Corner-Notched
arrow point (2000 BP-Contact) and twentieth-century commercial
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FIGURE 4. Archaeological site densities, including (a) archaeo-
logical site density per km?, as compiled from the ArchaeoSRP
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from the Washington DAHP WISAARD database; (c) calculated
potential hypothetical site density for the Cle Elem Ranger
District.
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logging artifacts. This site would be added to the tally of both Late
Archaic and Commercial periods. Sites without diagnostic
chronological markers are not tallied in this exercise. Figures 5 and
6 illustrate site densities by chronological period across the Cle
Elum Ranger District.

Site densities during all precontact periods (Pre-Clovis/Clovis—
Late Archaic) exhibit low values across the Cle Elum Ranger
District, except for isolated diagnostic artifacts found as isolates or
within sites (Figure 5). This trend can be explained by the presence
of nondiagnostic lithic materials (e.g., lithic flakes, nondiagnostic
bifaces, cores) in many of the surface archaeological sites in the
region. Conversely, the postcontact periods (Contact—Post-War
Recreation) exhibit much higher densities across the ranger dis-
trict. This is most evident in the periods that span the late nine-
teenth and twentieth centuries, given that the artifacts associated
with each period are highly diagnostic (Figure é). Changes in land
use across the ranger district are evident throughout the precon-
tact and historical periods, highlighting the diversity of cultural
and economic activities that have occurred on these landscapes
for millennia. Constructing and visualizing these chronological
data from site records creates the link between the goals of the
original investigators and the research and management objec-
tives employed on the ranger district today.

CONCLUDING REMARKS

Preserving records of past archaeological data collection—and
focusing that evidence on new questions—is a vital step in devel-
oping the next generation of archaeological research. The
ArchaeoSRP package serves not only as a tool to digitize, import,
and extract information from nondigital site reports but also as a
foundation for the development of future tools to automate

data collection and enhance the accessibility of archaeological
information. In the Cle Elum Ranger District case study, ArchaeoSRP
allows us to expand how we interpret land use through time by
unlocking the decades of data collection and archaeological
expertise contained in paper and other nondigital formats.

The ability to convert nondigital information expeditiously and
accurately into digital datasets paves the way for new strategies

in data synthesis, comparison, and management for federal, state,
and tribal agencies.

We encourage readers to download ArchaeoSRP via GitHub and
explore its functionality using the mock site forms that we have
included with the distribution. Additional updates to the source
code will be tracked via the GitHub repository (Bergin and Snitker
2023a). Included in the GitHub repository is a detailed user guide,
instructions for creating new site form templates, and a CRAN-
style vignette. We also encourage feedback from users so that we
can continue to develop this tool for a wide variety of archaeo-
logical applications in North America and beyond.

We thank Pete Cadena, Heather Davis, and the rest of Okanogan-
Wenatchee National Forest Heritage Program for their assistance
in digitizing these site records and insights into the operation of
their cultural resource management program. We also thank the
three anonymous reviewers for their comments and suggestions
to improve this manuscript. All opinions expressed in this article
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