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Invasive Plant Atlas of New England:
The Role of Citizens in the Science
of Invasive Alien Species Detection
SARAH T. BOIS, JOHN A. SILANDER JR., AND LESLIE J. MEHRHOFF
In response to the global threat of invasive alien species, there has been a proliferation of volunteer-based monitoring programs. The valuable data
sets collected through these programs facilitate large-scale, baseline population monitoring. The Invasive Plant Atlas of New England, created
in 2001, was the first such regional database and is the only one in which both presence and true absence data have been collected. Building on
the success of volunteer atlas projects for other taxa, the Web-based network uses trained volunteers, along with experts, to collect distribution
data and detailed environmental information. The incorporation of true absence data allows for the building of robust statistical models, which
contributes significantly to the invasive species literature. This collaborative database allows citizen science data to be used by the general public
and as a data source for researchers and policymakers. As a template for other invasive plant projects, we highlight the need for more collaborative
efforts in invasion ecology.
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S

urvey and monitoring programs have developed across

the globe in response to the common issues of invasive
species and biodiversity conservation. Crall and colleagues
(2006) found at least 319 databases that contained invasive
species distributional information in the United States, and
that number has been steadily growing. Distributional data
for invasive alien species (IAS) are being collected at multiple
spatial scales, from property-speciﬁc, local monitoring programs to the Global Invasive Species Information Network
(www.gisinetwork.org). In these programs, data are assembled
under disparate collection protocols and are often limited to
only species-presence information, and many databases are
not available online (Crall et al. 2006). Although these data
are useful for establishing baseline distribution information,
the lack of true absence data (location information for areas
surveyed but free of invaders) limits the ability to accurately
predict potential species distributions in a statistical context
and to assess the uncertainty in those predictions (Gelfand
et al. 2005, 2006, Barry and Elith 2006). This is especially
true of IAS new to a region.
The Invasive Plant Atlas of New England
The Invasive Plant Atlas of New England (IPANE) was the
ﬁrst atlas project that we know of dedicated to documenting invasive species. Created in 2001, IPANE was founded in
order to coordinate the efforts of the six New England states
of the northeastern United States. At the time, an estimated

30%–35% of the plant species in New England were considered alien to the region, with 3%–5% of the aliens deemed
aggressive invaders (Mehrhoff 2000). Designed to resemble
atlas projects on other taxa, IPANE’s initial goals were to
evaluate the status and spread of IAS, to increase public
awareness, to establish methodologies of data collection and
dissemination, and to develop early-detection capabilities
(Mehrhoff et al. 2003). This distributional database and
information network has become a transboundary survey
and monitoring program across the six New England states
of the United States (Massachusetts, Connecticut, Rhode
Island, Vermont, New Hampshire, and Maine), standardizing data collection and assessment methods while functioning as a nexus for information sharing among project
staff, volunteers, stakeholders, landowners, and the public
at large.
Citizens as volunteer scientists
The use of nonspecialists to collect data is not an idea new to
science. Amateur and hobby naturalists have been observing
and collecting specimens for centuries. These early collections covered all corners of the Earth and were assembled
for curiosity, for novelty, and for medicinal, artistic, and
scientiﬁc purposes. Amateur naturalists and botanists were
among the primary groups responsible for the detection of
many new species and for publishing distributional notes,
thus making these observations public (Keeney 1992).
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At the height of the naturalist collections in the nineteenth century, experienced amateurs and professionals
exchanged data, specimens, and ideas (Keeney 1992). It was
recognized that more information could be gathered from
compiled collections than from the efforts of an individual.
Networks of societies, journals, and institutions allowed for
an information ﬂow at the local, regional, and national level
among professionals and amateurs. The collective knowledge of amateurs and professionals allowed John Torrey and
Asa Gray to compile the Flora of North America around 1838,
which was the ﬁrst comprehensive attempt to describe the
ﬂora of the continent (Short 2004). It was not until the late
1890s, when professionals began to outnumber amateurs and
to turn more toward scientiﬁc research, that professionalonly societies emerged (Keeney 1992).
The use of volunteers has reemerged as a primary
method for large-scale data collection, primarily because
of the advances in technology and data analysis techniques
(Silvertown 2009). The advent of the Internet and the proliferation and availability of home computers allows for
the easy exchange of ideas, images, and ﬁles, and enables
people from different corners of the globe to converse and
to view and discuss the same images in real time. Efforts to
disseminate information that would previously have taken
years take only seconds today. This new era of volunteer
data collection has been a boon to atlas projects and monitoring programs alike. Atlas project staff and managers can
organize volunteers, disseminate information, and collect
information from multiple sources quickly and easily (Silvertown 2009).
Large-scale survey and monitoring efforts such as IPANE
require sufﬁcient numbers of knowledgeable data collectors in order to achieve species documentation goals. The
global decrease in professional taxonomists over the last 50
years has led to an increased reliance on amateur scientists
for species identiﬁcation and data collection (Hopkins
and Freckleton 2002, Prather et al. 2004). The current
inadequacy in the number of professional naturalists and
taxonomists has meant fewer observations of new species
(Crawford and Hoagland 2009). The sheer breadth of data
required for large-scale distribution modeling is beyond the
economic and geographic feasibility of most atlas projects,
were they to hire experts to complete surveys. Many atlas
projects, including IPANE, have overcome this deﬁciency
by training volunteers to collect ﬁeld data and reserving
experts for veriﬁcation of questionable identiﬁcations, data
quality checking, and assessments of new and important
incursions. Since volunteers are themselves geographically
dispersed, they often produce better overall spatial coverage
than point efforts of experts or employees who must travel
to the survey destinations (Hopkins and Freckleton 2002).
The use of trained volunteers provides a cost-effective way
to implement large-scale data collection and enhances the
efforts of botanical professionals (Hopkins and Freckleton
2002, Levrel et al. 2010). In France, for example, it has been
estimated that volunteer-based surveys for bird and butterﬂy
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abundances and distributions has saved the government (i.e.,
the taxpayers) between 678,523 and 4,415,251, depending on the pay scale of the professionals and the skill level of
the volunteers (Levrel et al. 2010). These data are then used
to determine conservation goals and public policy. The use
of volunteers also provides the opportunity to engage the
public in the scientiﬁc method. This participation in the
scientiﬁc method has the potential to change the public’s
perception of scientists and scientiﬁc issues and may help
recruit people into the sciences (Cooper et al. 2008, Silvertown 2009). When volunteers are educated about scientiﬁc
data collection and the value of scientiﬁc inquiry, they truly
become citizen scientists.
Today, the use of volunteers and amateurs to collect scientiﬁc data is perhaps best recognized in the ﬁeld of ornithology. The Christmas Bird Count (CBC) and the North
American Breeding Bird Survey (BBS) have been collecting
species distribution data since 1900 and 1965, respectively
(Bock and Root 1981, Ziolkowski 2008). These early atlas
projects brought the efforts of many individuals under a
standard set of protocols. The longevity of the data collected
under a single methodology makes them particularly valuable for observing long-term changes in distributions and
abundances.
The CBC and the BBS have created some of the most
extensive avian population data available today and have
generated important baseline population information (Sauer
et al. 2003). The large-scale surveys help highlight holes in
the current survey work or areas in need of more intensive
study (e.g., Butcher and Schwarz 1987). Because of its systematic methodology, BBS data has been used extensively
in the predictive statistical modeling of species distribution
changes and in the spread of invasive avian fauna (e.g.,
Wickle 2003, Hooten and Wickle 2008).
The Xerces Society, started in 1975, modeled its 4th of
July butterﬂy count after the CBC, which has resulted in an
extensive data set invaluable to lepidopteron conservation
(Swengel 1990). For both the CBC and the Xerces Society
count, the varying identiﬁcation abilities of volunteers, the
desire of some volunteers to canvass particular areas instead
of others, and the favoring of rare and charismatic species
potentially bias their results and can inﬂuence data quality
(Swengel 1990). New volunteers with the BBS have been
known to count more birds than volunteers who have been
with the program longer, potentially because they overestimate the numbers of particular species (Sauer et al. 1994).
Although there may be some issues with the evenness of its
data collection, the value of this data set lies in the large geographic range of the data and in its temporal scale and open
availability to the public. Current analysis tools also allow us
to deal with uncertainty in the data generated by volunteer
collection. Speciﬁcally, Bayesian models, which are being
used more often to incorporate data from multiple data
sources, are able to incorporate the uncertainty that occurs
with underreporting (Powers et al. 2010), measurement
or classiﬁcation error (Chakraborty et al. 2010), location
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error (Barber et al. 2006), or incomplete survey information
(Wilson et al. 2008).
Building on previous projects, IPANE limits sampling
bias and discrepancies in identiﬁcation ability through the
training of the volunteer pool. By training all volunteers to
identify the same list of species, we can assure that the ability
to detect a particular plant is more or less equal among the
volunteers. IPANE used the CBC, the BBS, and the Protea
Atlas Project (http://protea.worldonline.co.za/default.htm) as
models for project and survey design. IPANE established a
systematic method of surveying invasive occurrences in the
region that could be implemented by trained volunteers and
used as a model for invasive atlas projects in other regions.
Training
IPANE actively recruits, trains, and coordinates volunteers in
IAS identiﬁcation and the collection of scientiﬁc, replicable
data. Multiple training programs are offered each year for
new volunteers and to refresh the current volunteer pool.
In addition to species identiﬁcation, volunteer training is
focused on the necessity of spatial completeness in data
collection, of consistency of methodology, and of collecting
null data. Without absence data, the probabilities of species
being present at particular locations or across regions generally cannot be estimated with true statistical certainty (but
see Chakraborty et al. 2011 and Warton and Shepherd 2010).
The collection of valid absence data allows the building of
robust statistical models using IPANE distributional and
associated environmental data (Gelfand et al. 2005, 2006,
Silander et al. 2007, Ibáñez et al. 2009a, 2009b). All volunteers must be trained prior to their being able to enter data
into the database: In this way, data quality is ensured.
Data collection
The volunteers are instructed to collect data from multiple
habitat types within publicly accessible natural or seminatural areas. By assigning these survey areas, we assure
that the volunteers’ efforts are distributed spatially, and
the likelihood of species detection is increased throughout
the region. For each habitat type within the survey region,
a 20-meter-diameter circular sampling plot is established.
Location data are recorded as GPS (global positioning system)
coordinates or as points on a map. Habitat type and plot-level
site conditions are assessed. These data are collected in ordinal
categories (e.g., soil moisture categories from 1 to 4 in order of
increasing moisture content) for ease of assessment and synchronicity with other volunteers. Inside the plot, each IAS is
identiﬁed, and data are taken on the abundance, distribution,
percentage of the area that the species covers, and the reproductive stage for each species. Some species require documentation, such as specimens or photos of speciﬁc identifying
characteristics of the plant or habitat, to be later veriﬁed by
IPANE staff. This is the next step in data quality assurance.
Once the data are collected, IPANE volunteers enter their own
data online (at www.ipane.org), which are then available to the
public through the IPANE Web site.
www.biosciencemag.org

Absence data are collected by the IPANE volunteers in
two ways. Null plots, where there are no invasive species
present, are collected in uninvaded habitat types within
assigned natural areas. The same habitat descriptions and
explanatory data are collected that were assessed for the
plots with IAS. These plots are important for noting habitats and locations where nonnative species are absent. In
addition, a species is considered absent in the plots when
another IAS is present but the particular species of interest has not been found in the plot. Unlike detection issues
that arise with animal surveys (e.g., Royle et al. 2007), we
can assume, at least for the more common and easily identiﬁable IAS that the volunteers are trained to identify, that
the adult or juvenile form of the plant is very likely absent
from a surveyed location if it has not been detected by our
trained volunteers.
Data vetting
The current use of nonspecialist volunteers for data collection has sometimes been questioned for its accuracy and
reliability. Studies validating this type of data collection
have been conducted for a diverse group of taxa, including
terrestrial invertebrates (Lovell et al. 2009), invasive crab
identiﬁcation and sex determination (Delaney et al. 2008),
oak stand surveys (Galloway et al. 2006), and invasive plant
identiﬁcation and abundance estimates (Brooks et al. 2008).
These studies and others like them have shown that, with
some amount of focused training, the identiﬁcation abilities of volunteers, from school-age children to senior adults,
are at an acceptable level of accuracy when compared with
the results of “experts” or paid professionals. A study on the
use of citizen scientists in collecting invasive plant distribution data in New York and New Jersey forestland showed
that trained volunteers were often more accurate than paid
employees in the assessments of percentage of the area covered by the species and canopy closure when their data were
veriﬁed by an “expert” (Brooks et al. 2008). These validations, along with the countless studies in the literature in
which volunteer-collected data were relied on, support the
value of citizen science as a powerful ecological tool.
IPANE has a two-step veriﬁcation process. First, volunteers are trained in identiﬁcation and data collection methods, as was previously stated. Second, certain species reports
may require conﬁrmation from the project staff prior to
posting. These species are those that are particularly difﬁcult
to identify, are easily confused with another species (e.g.,
Ligustrum or Lonicera species), or are new to a region. Further help in identiﬁcation is available on the IPANE Web site,
including photos, botanical descriptions, and identiﬁcation
keys. Once they are conﬁrmed, the data are available to the
public through the IPANE Web site.
Data produced
Citizen science and atlas projects have proliferated in the last
decade. A search on the Web of Science yielded 611 records
that include the term citizen science in the topic (completed
October 2011 / Vol. 61 No. 10 s "IO3CIENCE 
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Data use and publications
After data are posted to the
IPANE Web site, the public has
open access to download the
ﬁeld-collected occurrence data in
table, map, or comma-delimited
form, along with the herbarium
records available in the database
(ﬁgure 1). It is important for
atlas projects such as IPANE to
maintain the online database as
an educational resource for volunteers and the general public
(Simpson et al. 2006). In accordance with its mission statement,
IPANE provides individual species information, resource and
management links, native alternatives to horticultural invasives,
removal events, related meetings
and conference information, and
the distribution data and maps
(www.ipane.org). This comprehensive Web-based tool provides
an information hub for the public and volunteers facilitating the
collection and for the analysis
and communication of information related to invasive species
Figure 1. Invasive Plant Atlas of New England data application. Data can be
management in New England.
downloaded from the Web site (www.ipane.org) in table and map (above) form for
Training events and the IPANE
Berberis thunbergii (Mehrhoff et al. 2003). There are 1104 IPANE ﬁeld records (dark
LISTSERV are tools used to edugray) for B. thunbergii and 233 herbarium records (light gray).
cate volunteers, to disseminate
the results of scientiﬁc study, and
to alert the volunteers to potential incursions of new speon 19 January 2011). Of those, about 79% were published
cies in their region. As a social network, the IPANE LISTsince 2000, and 25% were from 2009 and 2010. This increasingly popular topic will remain an important ecological and
SERV allows the volunteers to submit postings on related
biogeographical tool for scientists.
issues and encourages discussion among its members. It is
As the ﬁrst regional atlas project of its kind, IPANE has
important that this interactive feedback nature of IPANE be
trained over 900 volunteers to date. This survey force has
preserved: The volunteers collect data, which are used for
submitted more than 5500 ﬁeld forms documenting the
research, and the research is distributed to the volunteers
location of some 12,200 individual IAS occurrences across
through training sessions and the Web site. Providing the
the six New England states. This large data set makes IPANE
public with access to this interactive resource promotes
particularly useful for investigating patterns of IAS distriinformation exchange and open communication among
butions and invasion fronts throughout the region. It also
similarly interested parties. The IPANE data and Web site are
also used by conservation land managers, from public agenallows IPANE staff to identify undersurveyed areas in New
cies and nonproﬁt agencies alike, to aid in setting priorities
England, in which survey efforts may need to be targeted.
for invasive species control and management. Information
The IPANE database also houses over 8000 individual
on individual occurrences, abundances, reproductive status,
herbarium records from more than 20 regional herbaria.
and associated species all assist those working with IAS as
These records represent both historical and current speciesthey plan for future management strategies (Mehrhoff et al.
presence information and are kept separate from IPANE2003).
collected data because they were collected using disparate
The scientiﬁc output of atlas projects such as IPANE
methods with varying amounts of associated data. These
reﬂects the culmination of the efforts of many individuals.
data have been used to independently validate the predictive
Long-term data sets, such as the CBC and the annual Xerces
models of IAS on the basis of ﬁeld-collected data (Ibáñez
et al. 2009a, 2009b).
Society Lepidoptera count, have proven invaluable to species
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can result in the recording of false absences (Crawford and
Hoagland 2009). IPANE data that consists of both presence
and absence data are useful for distinguishing true absences
from undersurveyed areas. For example, Berberis thunbergii
populations have been extensively searched for in southern
New England and also along the coast of Maine (ﬁgure 2).
The inferred absence data in this region reﬂect sites at which
the species is truly missing. This contrasts with the locations
in central New Hampshire and northern Maine, which have
been only sparsely surveyed. These are two very different
types of absence data. The use of IPANE ﬁeld-collected data
for predictive modeling is of particular importance in identifying IAS hot spots and in forecasting future incursions
or distributional changes due to environmental inﬂuences
such as global climate change (cf. Ibáñez et al. 2009a, 2009b,
Merow et al. 2011).
For example, in collaboration with colleagues in Japan, we
have combined IPANE data with East Asian distributional
data sets to build predictive distribution models for IAS
in New England (Silander et al. 2007, Ibáñez et al. 2009a,
2009b). Although it is not the purpose of this article to focus
on the details of distribution modeling that are presented
in detail by authors elsewhere,
using the methods of Ibáñez
and colleagues (2009a), we show
that the model that provides the
best predictions incorporates
native-range data from Japan and
invasive-range data from New
England (ﬁgure 3), as well as
land-use and habitat data. Models
tested using solely Japan or New
England data did not predict the
New England distribution as well
as the model incorporating both
locations did (Ibáñez et al. 2009a,
2009b). These results highlight
the necessity for global collaboration among databases.
The predicted potential distributions for B. thunbergii in New
England (ﬁgure 3) indicate a high
probability of the species’ eventually spreading to northern Maine,
which is outside its known range.
This research highlights potential
areas on which to focus earlydetection efforts of our volunteer
network. This same pattern is
shown for Celastrus orbiculatus,
Elaeagnus umbellata, and Rosa
multiﬂora (ﬁgure 3). There is a
generally high uncertainty in the
Figure 2. Presence (dark gray) and absence (light gray) data for Berberis thunbergii
predicted probability of B. thunin New England. These data are from Invasive Plant Atlas of New England (IPANE)
bergii presence in northern New
data plots (Mehrhoff et al. 2003) and were used by Ibáñez and colleagues (2009a,
England (Ibáñez et al. 2009a)
2009b).

conservation (Swengel 1990). These spatially and temporally expansive data sets are used for educational purposes,
to drive legislation, and to develop and validate predictive
models. For longer-term atlas projects such as the CBC and
BBS, data can be examined over time to resolve temporal–
spatial patterns of change (Wickle 2003, Butcher and Niven
2007, Hooten and Wickle 2008) and to allow scientists, landscape managers, and policymakers to identify threats to and
conservation priorities for species of interest.
One example of the use of IPANE data is the incorporation
of the volunteer-collected data into predictive species distribution models. These models allow researchers to investigate
the potential spread of IAS and to identify likely areas of new
incursions. Distributional patterns are difﬁcult to predict
when a species is new to an area, but they have important
management implications in the case of IAS, in which a species may not have realized its potential range (Welk 2004).
The available distributional data are often incomplete or
nonexistent and lack true absence data, which severely limits the ability to model potential distributions (Welk 2004,
Barry and Elith 2006, Myerson and Mooney 2007). The use
of herbarium data alone is biased by collection effort and
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We are currently working on
new partnerships that will allow
for data exchange among IPANE
and other atlas projects. This new
collaboration will allow IPANE
data to be viewed alongside
national and international data
sets through the EDDMapS project (www.eddmaps.org). Efforts to
combine such data need to include
metadata explaining the differences among the various data
sets. These differences include the
data collection methods, uncertainty in location information,
and identiﬁcation issues. As long
as the data are transparent, the
users of the data can make an
informed decision about which
data to use.
Figure 3. The potential distributional range of six common New England invasive
species. These results were generated from a hierarchical Bayesian model that
incorporates climate data from New England and Japan, New England site
characteristics (habitat type and canopy closure), and New England land use and
land cover (adapted from Silander et al. 2007, Ibáñez et al. 2009a). The darker
shades indicate areas of high probability of establishment, given the presence of
propagules.

relative to those of southern and central New England.
This may reﬂect, in part, the fact that northern New England is undersampled (ﬁgure 2). Volunteer recruitment and
training opportunities are now focused in these more
sparsely settled areas to obtain better overall survey coverage in the region. Once new information has been collected, the predictive distribution models can be updated
and new maps created, thus continuing the cyclic nature of
IPANE.
The open-source availability of IPANE species information and presence or absence and abundance data have led
to its contribution to a variety of published studies at the
regional and national scales. IPANE distributional data can
be categorized by its various uses: ecological–biological purposes (see supplementary table S1a online at http://dx.doi.
org/10.1525/bio.2011.61.10.6) and single-species applications (table S1b). In a survey of IPANE users, we found that
the primary daily uses of the Web site are for species identiﬁcation and educational purposes. Other noncited uses
included the use of IPANE photographs, the gathering of
management information, and use by state agencies. IPANE
has also been used as a template for other atlas projects,
including the Invasive Plant Atlas of the MidSouth (IPAMS).
The IPAMS (www.gri.msstate.edu/research/ipams/about.php)
monitoring protocol was directly modeled after IPANE’s,
whereas other aspects were tailored to the speciﬁc needs of
that region.
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Conclusions
It has been only in the last 20
years that technological and analytical advances have made species distribution data collection
and management feasible at such
a large scale. The vast amount
of data necessary for large-scale
distributional studies can be possible only with the use of
a trained volunteer corps. IPANE has built on the success
of other volunteer-sustained databases by gathering likeminded individuals from professional botanists, master
gardeners, and botany enthusiasts to schoolteachers, their
students, and interested homeowners. The inclusion of true
absence data and of the fail-safes established for data vetting
has allowed IPANE to be an example of citizen science data
collection, organization, and use and of the ways in which
the volunteer corps contributes to the science of invasion
ecology.
As new databases and mapping systems become available,
we need to ﬁnd ways to work together to make data sharing possible and easy. Instead of reinventing the wheel and
creating new databases and atlas projects, we should invest
in continuity and sustaining existing long-term projects. Not
only will this improve the temporal scale of the data but it
will give volunteers conﬁdence to be loyal to established data
collection protocols.
The use of volunteer-collected distributional data has
been increasingly recognized for its value to the scientiﬁc
community. The public is engaged in actually doing science
and understanding the nature of scientiﬁc inquiry. Together,
volunteers can provide wider-reaching information from
more areas congruently than can expert scientists alone. As
is evidenced by the history of volunteer-collected data in
avian fauna, the value of such coordinated studies lies in the
www.biosciencemag.org
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sheer volume of data points available for analysis. Atlas projects like IPANE train the volunteer corps to identify species
but also in systematic ﬁeld collection methods. They are a
valuable force of early-detection observers across the landscape. These volunteer scientists are not only data collectors
and citizen scientists but ambassadors for IAS education and
biodiversity conservation.
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