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Abstract
A crucial asset in the management of invasive species is the open-access sharing of data on the range of 
invaders and the progression of their spread. Such data should be current, comprehensive, consistent and 
standardised, to support reproducible and comparable forecasting efforts amongst multiple researchers 
and managers. Here, we present the lydemapr R package containing spatiotemporal data and mapping 
functions to visualise the current spread of the spotted lanternfly (Lycorma delicatula, White 1841) in the 
Western Hemisphere. The spotted lanternfly is a forest and agricultural pest in the eastern Mid-Atlantic 
Region of the U.S., where it was first discovered in 2014. As of 2023, it has been found in 14 states 
according to State and Federal Departments of Agriculture. However, the lack of easily accessible, fine-
scale data on its spread hampers research and management efforts. We obtained multiple memoranda-
of-understanding from several agencies and citizen-science projects, gaining access to their internal data 
on spotted lanternfly point observations. We then cleaned, harmonised, anonymised and combined the 
individual data sources into a single comprehensive dataset. The resulting dataset contains spatial data 
gridded at the 1 km2 resolution, with yearly information on the presence/absence of spotted lanternflies, 
establishment status and population density across 658,390 observations. The lydemapr package will aid 
researchers, managers and the public in their understanding, modelling and managing of the spread of 
this invasive pest.

NeoBiota 86: 151–168 (2023)

doi: 10.3897/neobiota.86.101471

https://neobiota.pensoft.net

Copyright Sebastiano De Bona et al. This is an open access article distributed under the terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

R PACKAGE

Advancing research on alien species and biological invasions

A peer-reviewed open-access journal

NeoBiota

mailto:sebastiano.debona@gmail.com
https://doi.org/10.3897/neobiota.86.101471
https://neobiota.pensoft.net
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Sebastiano De Bona et al.  /  NeoBiota 86: 151–168 (2023)152

Keywords
Biological invasions, crop pest, data science, forecasting, Lycorma delicatula, management, open access 
data, reproducibility, spread modelling

Introduction

Due to the globalisation of trade and the homogenisation of urban and suburban 
habitats, the accidental introduction and establishment of invasive species is ever more 
likely (Hulme 2009). When establishment goes undetected and eradication becomes 
less viable, the goal should be to mitigate the negative effects generated by invasive spe-
cies (Diagne et al. 2020; Fantle-Lepczyk et al. 2022; Leroy et al. 2022). In doing so, 
one of the main challenges is tracking the spread of established invasive alien species 
so that control measures to slow spread, reduce impact and conserve biodiversity can 
be effectively enacted (Robertson et al. 2020). High quality data on past and present 
spread of invasives are key to model invasive spread accurately enough to provide ro-
bust forecasts on which to base management decisions.

A multitude of modelling techniques to forecast spread is available to researchers 
(Fisher 1937; Skellam 1951; Higgins and Richardson 1996; Kot et al. 1996; Neu-
bert et al. 2000; Travis and Dytham 2002; Clark et al. 2003; Jongejans et al. 2011; 
Rodrigues and Johnstone 2014; Hudgins et al. 2017). Despite different assumptions 
and approaches to the modelling itself, fitting and validating models rely on longitudi-
nal, spatially-explicit data on the occurrence or density of the spreading invasive spe-
cies. Different models need to be built upon the same standardised data for compari-
sons between models to reflect genuine differences in model assumptions (e.g. Norberg 
et al. 2019). Comparing models with standardised data highlights which biological 
aspects of spread coded in each model are crucial to manage (Sakai et al. 2001). In 
addition, building models on the same data provides a more solid ground to combine 
them into ensemble models, which offer a higher degree of reliability compared to a 
single model (Araújo and New 2007). However, there are three hurdles that must be 
overcome before such standardised data for modelling be made available.

The first hurdle that must be overcome when developing a standardised dataset on 
invasive spread is to develop relationships with the agencies, institutions and citizen-sci-
ence projects collecting data on the invasive of interest. For pests with negative impact 
on agricultural activity or forest habitats, local agencies, state departments and research 
institutions associated with the species first discovery are likely to operate data collec-
tion. If the pest is spreading across geopolitical boundaries, multiple organisations with 
different jurisdictions and areas of operation are likely to collect field data. In addition, 
easy-to-identify pests are likely to attract public attention and involvement, fostering 
the collection of citizen-science data (Dickinson et al. 2010; Catlin-Groves 2012; Sulli-
van et al. 2014; Kobori et al. 2016; Johnson et al. 2020; Norman-Burgdolf and Rieske 
2021; Santaoja 2022). Obtaining access to the data often requires directly contacting 
the maintainer of the dataset in the relevant institution and obtaining memoranda-of-
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understanding to use the data once shared. Each agency will follow unique data sharing 
agreements, which need to be discussed in-depth at this stage.

Once the data are obtained, the heterogeneity of the data collection protocols 
adopted by different agencies requires several additional steps to harmonise the sur-
vey results before they can be combined into a single dataset (Kelling et al. 2009). 
This second hurdle is often the most time-consuming and requires a high degree of 
eco-informatic skill in data handling and management (Michener and Jones 2012). 
Non-standardised data collection demands an in-depth understanding of the collec-
tion protocols used in order to match the information collected across different surveys 
(Hampton et al. 2013). For this reason, harmonisation often demands an active col-
laboration with the agencies that collected the data, to ensure the data are interpreted 
correctly, especially when surveys lack metadata (Jones et al. 2019).

The third hurdle is essential, yet not often acknowledged: data anonymisation. 
Calls to make scientific knowledge more accessible and transparent have pushed eco-
logical data to be published alongside many scientific papers (Reichman et al. 2011). 
This process is paramount to improve collaboration and repeatability of scientific stud-
ies, although some limitations need to occur to ensure sharing open access data is done 
safely (Lindenmayer and Scheele 2017; Lunghi et al. 2019). One such limitation con-
cerns data at high spatial resolution, the publication of which could infringe upon in-
dividual privacy and personal interests (Zipper et al. 2019). Due to this, invasive spread 
data need to be carefully and fully anonymised to ensure stakeholders are protected and 
served. This is especially true when knowledge on the infested state of a property could 
cause its value to decrease or the value of the goods produced to be affected (Zhang and 
Boyle 2010; Kovacs et al. 2011). Anonymisation practices include the removal of per-
sonal information, as well as data handling that reduces the spatial resolution to an op-
timal compromise between conveying relevant information and safeguarding privacy.

The spotted lanternfly (Lycorma delicatula, White 1845; often referred to as SLF in 
literature) was first discovered in the United States in Berks County, Pennsylvania, in 
2014 (Barringer et al. 2015; Dara et al. 2015) and, by 2023, spread to 14 states across 
the Northeastern, South-Atlantic and Midwestern United States (Urban et al. 2021; 
NYIPM 2023). This phloem-feeding planthopper is native to China and was likely 
introduced accidentally via a shipment of landscaping materials. The spotted lanternfly 
is known to feed on over 100 species of plants (Barringer and Ciafré 2020; Murman et 
al. 2020; Huron and Helmus 2022) and poses a major economic burden on viticulture 
as it feeds on grapevines reducing total yield and plant vigour (Urban 2020). There is a 
high risk of spotted lanternfly impacting the global wine market by spreading to areas 
like California and Europe (Huron et al. 2022).

State agencies and the United States Department of Agriculture (USDA) have col-
lected large amounts of data on spotted lanternfly spread through field surveys. In ad-
dition, given the species is easily recognised and hard to misidentify, an extensive cam-
paign to educate the public has promoted the collection of citizen-science data. Data 
are collected through individual use of well-established applications such as iNaturalist, 
which allow for users to record geo-referenced observations of wildlife sightings, as well as 
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through the use of applications developed ad hoc by State Departments of Agriculture to 
collect data on the spotted lanternfly. Given the variety of sources and the refinement of 
protocols for data collection, the data on this species are heavily heterogeneous. Current-
ly, any research team analysing the spread of the pest has to invest a significant amount of 
time processing the data before using them in model construction and validation (Wakie 
et al. 2020; Cook et al. 2021; Huron et al. 2022; Jones et al. 2022; Ramirez et al. 2023).

Here, we describe the R package lydemapr (Lycorma delicatula mapping in R), 
containing an up-to-date, fully anonymised and regularly refined, longitudinal, spa-
tially-explicit dataset of spotted lanternfly records throughout the United States since 
its first discovery. The dataset includes information derived from field surveys and 
citizen-science observations and reports observed presence/absence of this invasive spe-
cies in surveyed areas, as well as the presence of established populations and estimates 
of population density. In addition, the package contains tools to visualise the data by 
mapping them and to obtain summary tables of the dataset. The goal of this package is 
to provide a baseline for future modelling efforts to forecast the spread of the spotted 
lanternfly and to foster more effective collaboration between agencies and researchers. 
The lydemapr package was fully developed in R (R Core Team 2021) and is available 
as an online repository at https://github.com/ieco-lab/lydemapr.

Data and metadata

The dataset contained in the package represents an anonymised and condensed compre-
hensive record of data collected by several federal agencies, state agencies and citizen-science 
projects on the presence, establishment and population density of the spotted lanternfly in 
the United States (Fig. 1). Sources include the Departments of Agriculture for the States of 
Pennsylvania, Delaware, Indiana, Maryland and New Jersey; the New York State Depart-
ment of Agriculture and Markets; the Virginia Department of Agriculture and Consumer 
Services; the Virginia Polytechnic Institute and State University; the United States Depart-
ment of Agriculture; and public reporting from iNaturalist. The field data were collected 
through a variety of methods, including surveys aiming to estimate establishment status 
and spotted lanternfly population density, control actions to manage population through 
egg mass destruction and trapping of nymphs and adults and citizen-science observations 
collected through self-reporting or direct involvement through research projects. Self-re-
porting tools include two separate platforms developed by the Pennsylvania Department 
of Agriculture (PDA) in association with Penn State University (PSU) and the New Jersey 
Department of Agriculture (NJDA). In addition, we included data collected through an 
independent citizen-science projects of limited duration run by the Virginia Polytechnic 
Institute and State University and the Virginia Cooperative Extension.

At the date of this publication, the aggregated and anonymised dataset contained 
658,390 individual observations pertaining to 61,715 point-locations throughout 
the United States collected between 2014 and 2021. These 61,715 point-locations 
represent centroids of a 1 km2 grid at which the geospatial data were aggregated for 

https://github.com/ieco-lab/lydemapr
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Figure 1. Conceptual graph describing the process leading to the distribution of the R package lydem-
apr. Data are collected by individual sources through multiple surveying processes. The datasets compiled 
this way are gathered from the sources and individually processed, then combined into a single compre-
hensive dataset. This is anonymised through both a censoring step and a spatial transformation to reduce 
spatial resolution. For the spatial transformation, latitude and longitude of individual survey points are 
rounded to the centroids of a 1-km2 resolution grid. The aggregated and anonymised dataset is distributed 
through the package, together with functions to visualise the spread of the invasion through time.
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anonymisation. The exact latitude and longitude of each survey contained in the geo-
spatial data collected by the sources were rounded to the coordinates of the centroids. 
This approach, while removing the ability to derive property-level information from 
the dataset, allowed us to distribute survey-level information the data users can sum-
marise as it best fits their needs. All variables containing traceable information regard-
ing personal names, business names, contact information and comments were also re-
moved from the dataset. The choice of 1 km2 was agreed upon by all data contributing 
agencies to represent a compromise that provides high-resolution spatial data to enable 
precise spatial forecasting modelling while preserving privacy of the distributed data.

The individual observations recorded in the dataset derive from surveys and in-
dividual reporting conducted in 25 states across 8 years. The data points organised 
by year and state are summarised in Table 1. The distribution of data points by state 
is greatly skewed towards highly-impacted states. While Pennsylvania and the neigh-
bouring states of Delaware, Maryland, New Jersey, New York and Virginia account for 
over 95% of data points (630,688 out of 658,390), other states in the western part 
of the country only account for a handful of surveys, mostly as a result of anecdotal 
reporting. Across time, it is easy to appreciate how surveying effort has increased, likely 
due to both the spread of lanternfly and to a higher investment of resources.

About 40% of the total data points were obtained through citizen-science projects; the 
well-established PDA and NJDA public reporting tools provided over 250,000 individual 
data points since 2019, while iNaturalist added just over 10,000 points. While management 
and surveying efforts led by state and federal agencies often focus on the leading edge of the 
invasion, where control actions are more effective, public reporting provides a constant and 
consistent source of data at the core. This helps the monitoring of these areas to be consist-
ent and protracted in time, without subtracting important resources and work hours from 
managing the edge. In addition, iNaturalist provides constant, yet scattered, observations 
in areas where the surveying effort is not focused, as they are far from the invasion range. 
Those observations can then be confirmed by specialists during spatially-targeted surveys. 
The reliability of individually-reported records might vary with the experience and knowl-
edge of the reporter. For this reason, in the dataset, records collected through citizen-science 
efforts are clearly distinct from records collected through expert-led surveys through the 
use of different categories under the variable “collection_method”. This allows users of the 
data to only focus on records deriving from management and control actions, if necessary.

Data sets collection and processing

The goal for lydemapr is to update the dataset as new data become available and funding 
for the package is sustained. The plan is to request individual datasets periodically from 
federal and state sources, often coinciding with the termination of the biological season 
for spotted lanternfly (late spring, after eggs from the previous season are detected) or the 
temporary suspension of field operations (autumn-winter). Openly-available data (iNat-
uralist) are downloaded directly from the source at any time. To ensure we consider only 
agreed-upon, research-grade entries, the data are downloaded using the following query:
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“search_on=names&quality_grade=research&identifications=most_
agree&captive=false&place_id=1&taxon_id=324726”.

Individual datasets pertaining to one-off collection efforts (e.g. the citizen-science 
project run by the Virginia Polytechnic Institute and State University) were obtained 
by contacting directly the data maintainer and are not updated unless the project itself 
is conducted again.

Individual datasets were processed in batches according to the data source. Each 
source had unique data collection methods which were generally consistent within 
a source although they did vary between years and across different data collection 
types (e.g. between visual surveys, control actions and trapping). Processing the data 
in batches first allowed us to harmonise individual datasets that shared similar, yet not 
identical, data structures, producing intermediate data tables that then were combined 
seamlessly into the final comprehensive dataset provided with lydemapr. There were 
five batches, corresponding to the five categories of the variable “source” (see section 
“Variables included”): PDA data, State data (consisting of data collected before 2020 
from Delaware, Indiana, Maryland, New York and Virginia), public-reporting tool 
data, iNaturalist data and USDA data. Within each batch, the first step was to homog-
enise shared variables. This entailed the following steps:

Table 1. Data points by biological year and state (abbreviated).

State 2014 2015 2016 2017 2018 2019 2020 2021
AZ - - - - - 10 139 100
CT - - - - - 3 2081 1269
DC - - - - 8 21 10 4
DE - - - - 1075 2207 4545 5354
IN - - 1 - 79 101 102 352
KS - - - - - - - 21
KY - - - - - 3 2 18
MA - - - - - - 893 1835
MD - - - - 39 2404 17408 4600
ME - - - - - - - 20
MI - - - - - - 1 133
MO - - - - - 15 18 -
NC - - - - - 14067 5 86
NJ - - - - 2443 9528 13066 83132
NM - - - - - - 10 28
NY - - - - 18474 27046 18255 4033
OH - - - - - - 731 406
OR - - - - - - 92 15
PA 370 7677 9269 9229 77047 150109 90390 61802
RI - - - - - - 45 18
SC - - - - - 2 7 33
UT - - - - - - 1 -
VA - - - 2 1523 4353 4099 1209
VT - - - - - - - 2
WV - - - - 3 995 2367 1550
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•	 ensuring coordinates are collected using the same projection or transforming 
them accordingly;

•	 homogenising date formats for all date variables;
•	 extracting year information and transforming it into “bio_year” (see the sec-

tion “Variables included”);
•	 tracking the source agency when merging individual datasets in batches;
•	 aggregating count data (where present), separately for eggs and nymphs/adult 

(necessary for a more accurate estimation of density);
•	 combining variables containing information on detection results (where present) 

and the aggregated count data into three final variables: “lyde_present”, “lyde_established”, 
“lyde_density”. These variables define whether any sign of spotted lanternfly was detected, 
whether an established population was found and what the estimated population den-
sity at the site was, respectively (see the section “Variables included” for details on these 
variables). Some datasets (e.g. iNaturalist) only allow for the extraction of the presence of 
spotted lanternfly, omitting an assessment of establishment status and population density.

Once the shared variables were homogenised, they were renamed as they appear 
in the final version of the comprehensive dataset. We then generated an intermediate 
dataset from each batch, that contained only the shared variables (latitude, longitude, 
year, biological year, source agency, presence of spotted lanternfly, establishment status, 
population density), thus excluding all variables relating traceable information (personal 
names, business names, comments, addresses). Intermediate datasets were then com-
bined together. During this step, the source was tracked through the appropriate variable. 
In addition, state information was added by intersecting point coordinates for each sur-
vey with state polygons (obtained through the package tigris) (Walker and Rudis 2023).

During a final cleaning step, we removed all data points not associated with a precise 
geolocation, a collection date (at least year) or a reference to the presence of the spotted 
lanternfly. After this, we shared the results as a high-resolution map with agency col-
laborators for a final check before distribution. Through this process, we were warned 
directly by the data providing agencies of potential mistakes, conflicts or suspicious data 
points. These problematic data points were vetted and corrected or removed.

The final step was the anonymisation process, where the precise location was summa-
rised at a coarser 1 km2 scale. This was done by creating a 1 km2 grid over the spatial extent 
of the contiguous United States and intersecting this grid with the precise geolocation 
of each data point in the dataset. The coordinates of each point were replaced with the 
coordinates of the centroid of the 1 km2 grid cell the point fell under. The process was re-
peated with an even coarser 10 km2 grid, producing two additional variables added to the 
combined dataset, “rounded_latitude_10k” and “rounded_longitude_10k”, which can be 
used to summarise and rarefy the dataset, if necessary, when visualising the data. After the 
anonymisation step, the resulting dataset lyde was saved and stored within the package.

Variables included

•	 source: character variable defining in broad terms the source of the data. “inat” 
for data obtained from iNaturalist, “PA” from data originating from the Pennsylvania 
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Dept. of Agriculture’s surveying and management effort, “prt” for data collected 
through public reporting platforms, “states” for data collected by state-level agencies 
other than PDA, “USDA” for data provided by the United States Dept. of Agriculture. 
Note: the data originating from the Pennsylvania Dept. of Agriculture are kept sepa-
rate from data collected by other states, as Pennsylvania was the state where the first 
introduction was detected. As a result of this, initial surveying efforts were led by this 
state, which collected the largest share of data early on;

•	 source_agency: character variable refining the definition of the source by indicat-
ing the agency/institution/project from which the data point was obtained: possible values 
are “iNaturalist”, “PDA” (Pennsylvania Dept. of Agriculture), “NJDA_Public_report-
ing” (New Jersey Dept. of Agriculture’s Public Reporting tool), “PDA_Public_reporting” 
(Pennsylvania Dept. of Agriculture’s Public Reporting tool), “DDA” (Delaware Dept. of 
Agriculture), “ISDA” (Indiana State Dept. of Agriculture), “MDA” (Maryland Dept. of 
Agriculture), “NYSDAM” (New York State Dept. of Agriculture and Markets), “VDA” 
(Virginia Department of Agriculture and Consumer Services), “VA_Tech_Coop_Ext” 
(Virginia Polythecnic and State University/Cooperative Extension), “USDA”;

•	 collection_method: character string defining the method used to collect data: 
“individual_reporting” for data collected through iNaturalist and public reporting tools 
and “field_survey/management” for data collected by agencies in the field. The accuracy 
and reliability of self-reporting data might be lower than that collected by field surveyors.

•	 year: integer value defining the calendar year when the information was collected;
•	 bio_year: integer defining the biological year when the information was col-

lected. The biological year follows the species’ development schedule and starts around 
the time of the emergence of first–instar nymphs (1 May–30 April);

•	 latitude: expressed in decimal degrees (WSG84 coordinate system);
•	 longitude: expressed in decimal degrees (WSG84 coordinate system);
•	 state: character defining the state where the data was collected (two-letter abbre-

viation, https://www.faa.gov/air_traffic/publications/atpubs/cnt_html/appendix_a.html);
•	 lyde_present: logical value defining whether records are present for spotted 

lanternfly at the site at the time of survey. These might include regulatory incidents 
where a single live individual or a small number of dead individuals were observed at 
the site, but no signs of established population could be detected;

•	 lyde_established: logical value defining whether signs of an established popu-
lation are present at the site at the time of survey. These include a minimum of two 
alive individuals or the presence of an egg mass as per the working definition of estab-
lishment provided by the USDA;

•	 lyde_density: ordinal variable defining the population density of spotted lan-
ternfly at the site, estimated directly as an ordinal category by the data collector or de-
rived from count data. The categories include: “Unpopulated”, indicating the absence 
of an established population at the site (but not excluding the presence of spotted 
lanternfly in the form of regulatory incidents); “Low”, indicating an established popu-
lation is present, but at low densities, reflecting at most about 30 individuals or a single 
egg mass; “Medium”, indicating the population is established and at higher densities, 
but still at low enough population size to allow for a counting of the individuals during 

https://www.faa.gov/air_traffic/publications/atpubs/cnt_html/appendix_a.html
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a survey visit (a few hundred at most); “High”, indicating the population is established 
and thriving and the area is generally infested, to a degree where a count of individuals 
would be unfeasible within a survey visit;

•	 pointID: character string uniquely identifying each data point;
•	 rounded_longitude_10k: longitude of the centroid of the closest 10 km2 grid 

cell, expressed in decimal degrees (WSG84 coordinate system), used to rarefy the data-
set at a coarser resolution;

•	 rounded_latitude_10k: longitude of the centroid of the closest 10 km2 grid 
cell, expressed in decimal degrees (WSG84 coordinate system), used to rarefy the data-
set at a coarser resolution.

Package installation and data access

The lydemapr package can be installed in two different ways. The public repository 
allows the user to install the package directly from GitHub, by executing the follow-
ing command in a local R or RStudio instance: devtools::install_github(“ieco-lab/
lydemapr”, build_vignette = TRUE). This requires the package devtools (Wickham 
et al. 2022) and its dependencies to be installed locally. Alternatively, the package 
can be obtained by cloning the repository from the GitHub page https://github.com/
ieco-lab/lydemapr. The package can then be installed locally by opening the file lyd-
emapr.Rproj in RStudio and clicking “Install package” in the Build tab (or by ex-
ecuting the command devtools::install()). Once the package is installed, the user has 
access to the complete dataset, which can be loaded by typing lydemapr::lyde in the 
R console. In addition, the package contains a rarefied and summarised version of 
the same dataset at a lower spatial resolution (10 km2), which can be accessed by typ-
ing lydemapr::lyde_10k instead. All information concerning package installation and 
data access is also available at the front page of the GitHub repository.

The R package structure allows us to update the dataset regularly as more data 
become available and if funding is obtained to support this initiative. In addition, a 
live GitHub repository grants us the ability to add functionalities and to improve the 
visualisation and summary tools included.

If the user is only interested in accessing the data without using the R package or 
is unfamiliar with R, all datasets contained in lydemapr are available for download 
through Zenodo (DOI: 10.5281/zenodo.7976229), where the user can download the 
data (in .csv format) and Metadata associated with it.

Package functions

For a summary overview of the data, the function lyde_summary() provides a break-
down of the dataset, showing the number of data points collected each year in each 
state where data have been collected (Table 1). The package contains two customisable 

https://github.com/ieco-lab/lydemapr
https://github.com/ieco-lab/lydemapr
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functions that can be used to visualise the data spatially. The function map_spread() 
provides an up-to-date map displaying the progression of the established invasion 
range through time, in addition to the locations of surveys which did not detect es-
tablished populations (Fig. 2). Function arguments allow the user to select the spatial 
resolution at which the data should be mapped (choosing between 1 and 10 km2) and 
the spatial extent of the figure produced. A second function included in the package, 
map_yearly() maps the findings of the survey efforts in terms of the species' popula-
tion density. The visualisation is broken down by the year the surveys were conducted 
(Fig. 3). Through this visual depiction, it is possible to observe where survey efforts 
have been focusing on each year, as the invasion front progressed.

Conclusion

The dataset we provide on the spread of the spotted lanternfly, a high-impact forest and 
grapevine pest, will be useful in a variety of current and future efforts. Several models 
have been developed to forecast the future spread and establishment potential of spot-
ted lanternfly in the United States and globally (Jung et al. 2017; Wakie et al. 2020; 
Huron et al. 2022; Jones et al. 2022; Lewkiewicz et al. 2022; Maino et al. 2022). Sta-
tistical forecasting models (e.g. Wakie et al. 2020; Huron et al. 2022; Jones et al. 2022) 
heavily rely on high resolution spatial data to derive future predictions. Leveraging 
this big data-set will allow new models to be developed and current ones to be refined 
and improved. On the other hand, mechanistic mathematical models (Lewkiewicz et 
al. 2022; Maino et al. 2022), despite building their predictions through a bottom-up 
approach that involves a deeper understanding of the species’ own biology and ecology, 
require spatial data for validation and model tuning. To ensure future models can be 
compared and combined through ensemble procedures, these models should be based 
on the same historic and present spread data of spotted lanternfly, reaffirming the im-
portance of a unified and readily available dataset.

From a management standpoint, a comprehensive data-set can provide additional 
information on population trends through time in specific areas, allowing for the expan-
sion of current studies (Cook et al. 2021), as well as offering insight on the efficacy of 
control actions over time. In addition, our openly-accessible and comprehensive dataset 
has broad applications in education, to promote citizen-science initiatives in under-
surveyed areas, but also to provide an opportunity for data science projects for students. 
As the issues related to the spread of invasive species are often issues students experience 
first-hand, working on this dataset can represent an engaging learning opportunity.

There were two unexpected challenges to creating the lydemapr dataset. One of 
the main challenges we encountered was the heterogeneity in the data collection meth-
ods. This challenge greatly inflated the time, effort and eco-informatic data-coding 
skills required to aggregate the data. The heterogeneity was greater in the first few years 
(until about 2019), when more and more agencies were becoming involved, but the 
coordination between them was low. To solve conflicts encounters when harmonising 
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the data, which occurred, in particular, when combining different methods to score 
population density of spotted lanternfly, we contacted directly the maintainers of 
the individual datasets for insight. An additional challenge we faced was reaching a 
compromise between safeguarding the privacy of stakeholders while providing a high-
resolution dataset to allow accurate forecasting and management planning. Protecting 
individual interests while allowing data to be shared openly is a topic of current rel-
evance (Zipper et al. 2019). The resolution of 1 km2 used in our dataset was reached 
after thorough discussions with the agencies involved, to ensure no breach of privacy 

Figure 2. Map produced through the package function map_spread(). The map shows the year of first 
discovery of established populations of the spotted lanternfly (coloured points) in 1-km2 grid cells across 
the eastern United States, as well as the location of negative survey records for the establishment of the 
species (grey crosses).
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occurred. Paramount to overcome both challenges was a tight collaboration with the 
agencies. We contacted data maintainers soon after a new agency was becoming in-
volved in data collection, to start developing a relationship of trust and cooperation. 
This created an open line of communication with the agencies collecting the data from 
the field and curating the individual datasets and produced a feedback loop that we 
believe strengthens the quality and reliability of our dataset.

Figure 3. Map produced through the package function map_yearly(), showing the population density 
of spotted lanternfly assessed yearly in 10-km2 grid cells across the eastern United States (red tiles).
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