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17.1  Introduction

Citizen science and those involved in it are known by many different titles: community sci-
ence, crowd-sourced science, amateurs, volunteers, etc. There is not yet one clear term that 
encompasses all that participate in science, though some have put forth public p articipation 
in scientific research (Bonney et  al.  2009; Shirk et  al.  2012) or community and citizen  
science (Ballard et al. 2016). In this chapter, the more familiar term, citizen science, will be 
used for familiarity and simplicity.

Participation in citizen science for invasive species can occur in many difference ways. 
More traditional ways include volunteering to recording management efforts in invaded 
areas, documenting infestations during species inventories, and conducting awareness 
events. In recent years, these efforts have expanded to include lobbying for policy changes, 
transcription of old existing data, participation in project designs, and online volunteerism. 
Most of those interested in participating in citizen science will join an existing program or 
start a program that aligns with their interests. These programs can be locally based all the 
way up to national programs, and their level of participation could be minimal to playing 
key roles in the organizations. At most of these levels, some aspect of their participation 
can contribute to management of invasive species, from invasive species mapping to man-
agement activities to prevention awareness to fundraising for activities.

17.2  Volunteer Base

Broadly speaking, the primary characteristics of a typical volunteer in the United States 
would be a woman, 35–54 years old, white, married with children, employed, and has 
attained a bachelor’s degree or higher (Bureau of Labor Statistics – U. S. Department of 
Labor 2015). Demographic studies specifically in citizen science are few but are similar to 

Rebekah D. Wallace, Charles T. Bargeron, Joseph H. LaForest,  
and Rachel L. Carroll

Center for Invasive Species and Ecosystem Health, University of Georgia, Tifton, GA, USA

Citizen Scientists’ Role in Invasive Alien Species Mapping 
and Management



17  Citizen Scientists’ Role in Invasive Alien Species Mapping and Management326

the broader volunteer base; the United States population demographics are not represented 
in citizen science. Evaluating completed profiles on SciStarter, 64% were female and 
35–44 years old (National Academies of Sciences, Engineering, and Medicine  2018). 
Bookmarking, a SciStarter feature to indicate interest in a project, is also heavily skewed 
toward females, at 80% (National Academies of Sciences, Engineering, and Medicine 2018). 
In SciStarter, females comprised 68% of those who joined hands-on projects and 57% of 
online projects (National Academies of Sciences, Engineering, and Medicine 2018). Other 
studies have found similar results, that minorities, those without a college degree, and 
younger individuals were underrepresented in citizen science project participation 
(Theobald et al. 2015; Burgess et al. 2017). A meta-analysis of citizen science projects did 
find that a finer breakdown of type of activity would skew the male to female ratio based 
on online vs outdoors activities and purpose of outdoor activity (National Academies of 
Sciences, Engineering, and Medicine 2018). Of the projects included in the metastudy, only 
four included income information and found that the median household income of partici-
pants was above $50 000. With the median income of the United States at $56 000, this 
indicates that some participation from those below the median are participating (National 
Academies of Sciences, Engineering, and Medicine 2018).

In recent years, equity, diversity, and inclusion have become important considera-
tions across many topics and fields, volunteerism being no exception. This is espe-
cially important in citizen science, as those that participate are able to interact with 
scientists (Evans et  al.  2005), practice scientific thinking (Trumbull et  al.  2000), 
increase knowledge of a scientific discipline (Jolly 2002; Brossard et al. 2005), under-
stand the value of science (Wilderman et al. 2004), and benefit from associated pres-
ervation or sustainability outcomes (Wilderman et al. 2004; Evans et al. 2005). It can 
benefit the science being done by bringing in new perspectives on research questions, 
interpretations, and methods (Bang et al. 2007). Understanding why there is a lack of 
participation by minorities can help inform strategies to change this trend 
(Pandya 2012). There are many studies on barriers to participation, including urban 
individuals lacking access to and uncomfortableness with natural areas (Evans 
et al. 2005; Levine et al. 2009). Lack of formal education (especially in scientific pro-
cesses), time (family and/or employment responsibilities), and reliable transportation 
are additional barriers to participation (Evans et al. 2005). Involving the community 
in developing the priorities that are most relevant to their needs and aligning the 
research and education toward those issues, incorporating community members into 
project management and every step of the process, utilizing multiple types of knowl-
edge (e.g., traditional, historical, observational, scientific), and broadly publicizing 
results can help to engage more diverse participation (Pandya 2012).

17.2.1 Motivations for Becoming a Citizen Scientist

Ultimately, people have their own reasons for becoming a citizen scientist, but some trends 
have emerged from programs that have surveyed their members. Knowing the motivations 
help to inform project design and the short-term and long-term goals of their project 
(Curtis 2015). Rotman et al. (2012) found that egoism (doing something for one’s own wel-
fare or self-interest) was the initial motivation for citizen science participation but those 
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that continued participating displayed more collectivism (increasing the welfare of a group) 
and altruism (increasing the welfare of others).

Galaxy Zoo, a citizen science program for categorizing the contents of images of space, 
surveyed 11 000 of their members and discovered that the most cited reason to participate 
was to contribute to science (Raddick et al. 2013). A similar result was found with Foldit, 
an online citizen science program on protein folding in a computer game format, where 
even though the structure is in a game format, the most important motivation was partici-
pating in science (Curtis 2015). For some, interest in interacting with others in the com-
munity and those doing research is important (Rotman et al. 2014; Wald et al. 2015). A key 
facet in engaging and retaining citizen scientists is to frame objectives, outcomes, and ben-
efits in ways that match their needs or interests (Wald et al. 2015).

17.2.2 Recruiting and Retaining Citizen Scientists

Advertising to a diverse base can give a program a better chance at recruiting more citi-
zen scientists. The actual advertisement for volunteer/citizen scientist recruitment can 
be done in a wide variety of ways. Traditional methods of publishing notices in news-
papers/newsletters and posting signs and flyers outside of the area of interest to where 
likely pools of volunteers may be located are still very common. More modern meth-
ods, such as through e-mail listservs, websites, and social media, have gained traction, 
as it is a low-input method that can be broadly dispersed by liking, sharing, etc. These 
methods can garner views from thousands more quickly than traditional methods. 
However, certain demographics may be missed by one or the other method. Younger 
audiences may not subscribe to a local newspaper, older demographics may not have 
social media accounts, and the breakout for demographics on the various social media 
platforms is diverse (Pew Research Center 2018). Thus, a mix of methods is the best 
option to ensure that a broad audience is reached to attempt to recruit the most diverse 
volunteer base.

A well-known trend of volunteerism is that the majority of effort is by a small number 
of contributors, while the majority of volunteers do less (Wald et al. 2015). iNaturalist, a 
platform for sharing biodiversity information and organism occurrence recording tool, 
reports that 90% of observations come from 20% of their observers (Loarie  2018). 
EDDMapS, a platform for reporting, integrating, and sharing invasive species, biological 
control, and pest data, has seen a similar ratio of the website reporting forms and smart-
phone application records contributed to the EDDMapS database, 97.6% of reporters 
have less than 100 verified submissions and 99.7% have less than 1000 verified submis-
sions (Wallace and Bargeron 2019). As such, if more of these high-involvement volun-
teers can be recruited and retained, then participation can dramatically increase. While 
recognition was not an important factor to recruiting citizen scientists, recognition is 
important to long-term engagement and retention (Rotman et al. 2012). Concerns with 
data quality from citizen scientists can result in exclusion from decision-making pro-
cesses (Milne et al. 2006; Conrad and Daoust 2008), and this can be disheartening, frus-
trating, and lead to disinclination to continued participation. Responding to the different 
motivational factors during participant engagement helps to retain volunteers (Rotman 
et al. 2012).
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17.3  Programs

There are many geographic, participation, and interactive levels at which an individual 
can participate in invasive species related citizen science. Some programs are entirely 
online and do not require much, if any, interaction from the individuals with anyone 
else in the community. These types of programs may involve data transcription, inde-
pendent data collection, data validation, etc. Other programs may be more focused on 
awareness campaigns, and so have heavy emphasis on education activities with the pub-
lic. A common activity with invasive species related programs is volunteer days for inva-
sive species removal efforts, as these serve as awareness and management events with 
measurable outcomes (e.g., volunteer numbers, volunteer hours, amount removed, and 
area treated). These programs all range from very informal, needing only to join a web-
site and contribute as desired, to formal programs with board members, fundraising 
activities, and annual reports.

The more formal and structured programs, such as Invasive Plant Councils and 
Cooperative Invasive Species Management Areas, will often be comprised of many differ-
ent types of stakeholders. Stakeholders are those that have an interest or concern with a 
topic, sometimes for a business reason but not always. Examples of stakeholders that would 
potentially be involved in a program with a focus on invasive species may be those involved 
in the horticultural or landscaping industry, homeowners/landowners, state, and federal 
agency employees, and researchers. Each of these groups often has different perspectives 
on invasive species and their presence can help to represent the interests of their group to 
other stakeholders as well as allowing them to become informed about other’s interests 
(Prinbeck et al. 2011). These types of programs will often have a board of members or steer-
ing committees, often made up of representatives from the different stakeholder groups, to 
direct the activities of the program toward mutually agreed upon goals (VanBebber 2003; 
Midwest Invasive Plant Network 2011). These goals usually include invasive species aware-
ness, outreach events, fundraising activities, invasive species management activities, and 
may extend into research, political lobbying, and scholarship opportunities (VanBebber 2003; 
Midwest Invasive Plant Network 2011). Citizen scientists can often participate at any level 
of these activities, though some of them may require specific education or training to be 
effective.

The more informal programs are often ones that do not have a structured member-
ship, boards, and may focus on only one or two types of activities, often just invasive 
species mapping. One such example of this type of program is iNaturalist. iNaturalist 
is a platform that an individual can use to report species that they find in nature 
(Saari 2019). Someone participating in iNaturalist can report species, identify species 
in other’s reports, use the contributed data, and/or contribute to discussions on con-
tributed data (Ueda 2018).

A program that falls between these two types is EDDMapS. EDDMapS is a program for 
mapping invasive and pest species to contribute to Early Detection and Rapid Response 
programs and integrate data from a variety of sources, including citizen science, for public 
availability (Wallace and Bargeron  2014). Like iNaturalist, anyone can submit data to 
EDDMapS, and however, as a quality control measure, local experts are registered to be 
verifiers. EDDMapS records must be verified as correct prior to public availability, to ensure 
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that test records, incorrect identifications, and other inaccurate information does not 
 display on maps, are available via data downloads, are added to other databases, etc. 
However, EDDMapS has partners and supporters across the United States and in Canada 
that, while often independent of each other, help to provide direction and support on this 
common tool and platform. This allows for further development of the platform that makes 
it more useful while still letting individual citizen scientists only participate at the pace and 
level they wish.

Programs can exist at many different geographic levels and have their own goals that can 
include invasive species topics as a focal goal or tangential to their interests (Table 17.1). 
Some programs do not focus specifically on invasive species as their main mission, but 
invasive species management is an important component to helping achieve their goals. A 
program focused on ecosystem restoration would have invasive species removal/preven-
tion as a primary concern. A group with goals of encouraging planting areas for wildlife 
would focus heavily on removing any invasive plants and replacing with native plant food, 
shelter, etc. options. One rising concern in the United States is the spotted lanternfly 
(Lycorma delicatula) and eradication efforts for this species are also looking into use of tree 
of heaven (Ailanthus altissima), an invasive tree that is suspected to be vital to the spotted 
lanternfly lifecycle, in control strategies (United States Department of Agriculture – Animal 
and Plant Health Inspection Service 2018).

Table 17.1 Examples of programs that exist at different geographic levels and/or have different 
areas of interest.

Scope Examples of programs

Local/State/Regional “Friends of” groups (usually associated with a park, forest, etc.)a

Cooperative Invasive Species Management Area (CISMA)

Cooperative Weed Management Area (CWMA)

Partnerships for Regional Invasive Species Management (PRISM)

Invasive Species Council (ISC)

Invasive Plant Council (IPC)

Exotic Pest Plant Council (EPPC)

iMapinvasives (Individual states join)

National iNaturalista

EDDMapS

Topical/Species Based Don’t Move Firewood

PlayCleanGo

Stop Aquatic Hitchhikers!

Python Patrol
a Program may not have a specific focus on invasive species, but it may be a component of their 
overall goals.
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17.4  Data Collection

The most common data collected relating to invasive species is on presence and 
management activities. Programs may have different methods or protocols for data col-
lection, species or ecosystems they are focused on, ultimate goals, etc. but the first fac-
tor is to know which species are in the area of concern and where they are. Once they 
are mapped out, a management plan can be drawn-up and control or eradication efforts 
can begin. With the ubiquity of smartphones, their native features that enable mapping 
and invasive species documentation (e.g., camera and GPS) and a proliferation of appli-
cations to document species occurrences, many volunteers can collect data on their 
smartphones. If smartphones are not an in-field option, many programs still use tradi-
tional means (e.g., paper, pens, and maps) and the data can be transcribed into software 
later. Most programs provide training on protocols and species identification, though 
sometimes only on a small list of species that are the target for a management day. 
Some programs, mostly out of universities and state agencies, are beginning to use a 
train-the-trainer approach to teach data collection protocols and identification tech-
niques, it is a successful model that was adopted from other fields (Rajapakse et al. 2013; 
Yarber et al. 2015; Martocchio and Rosales 2016).

17.4.1 Data Quality

Citizen science data quality has long been a topic of concern. While there is a great 
possibility of error upon initial data collection or upon transcription from paper to 
electronic databases, the primary focus is often on errors in technique, evaluation, and 
identification. Overall, there can be variability in the data collected by citizen scientists 
(Ericsson and Wallin 1999; Barrett et al. 2002; Genet and Sargent 2003) and specifically 
with regard to identification and estimated quantity (McLaren and Cadman 1999; Bray 
and Schramm 2001). These concerns are not without merit, as there are studies that 
show that volunteers can have inaccuracies in population estimates (Kershaw and 
Cranswick 2003; de Solla et al. 2005), but several studies have shown that training can 
prevent errors (Fore et  al.  2001; Foster-Smith and Evans  2003; Newman et  al.  2003; 
Ferster and Coops  2014). There are also some options when it comes to training, as 
video training (Starr et al. 2014) as well as in-person training (Crall et al. 2011) can help 
with improving invasive species data collection. Professionals can also have some 
errors in identification (Austen et al. 2016) and estimation and training improves error 
rate (Ferster and Coops 2014). With training and other considerations, some data fields 
collected by citizen scientists can be comparable to professionally collected data (Crall 
et al. 2010; Ferster and Coops 2014). Separate from identification and other data collec-
tion field, there is also a concern with asking a citizen scientist or other volunteer to 
search for multiple items at a time and the potential for bias, errors, or fatigue. 
Searching for fewer items results in higher efficiency (Henke  1998) but where the 
subject(s) of the search are very infrequent, the searchers become discouraged and 
ability to positively identify the species may disappear (Henke  1998; Stanford and 
Rodda 2007; Reed and Rodda 2009; Williams et al. 2009).
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17.4.2 Data Coverage

Citizen science has become a vital component of some field-based projects. Recruiting 
 citizen scientists has allowed projects to ground-truth data, detect rare events, provide 
wide-ranging, high-quality data, and collaborate to find solutions to issues (National 
Academies of Sciences, Engineering, and Medicine 2018). As with any presence-based spe-
cies documentation programs, there is always bias, as observations occur where people are 
(Boakes et al. 2010). There will be an underrepresentation where there are fewer people 
and, with some species, an overrepresentation where there are more people. There are a 
number of ways to account for bias in biodiversity observations due to data source, time (an 
important factor with species that are most easily seen during certain seasons or life stages), 
or location (Boakes et al. 2010). However, species distribution would be much less com-
plete without citizen science data and there would likely be less clear advancement data on 
species spread over time. The majority of observational data that is collected by noncitizen 
scientists will often be focused on public lands, as it would be collected by staff at state and 
federal agencies or by researchers at universities. For states with little public lands, that 
would mean that there would be large gaps in data where those entities do not have part-
nerships or research agreements. Collecting data and performing invasive species manage-
ment activities from all areas helps to provide a broader coverage and having a way to share 
that information is vital to knowing the state of invasive species across boundaries.

17.4.3 Data Aggregation/Integration

Data aggregation is collecting data from different sources and storing it as it was provided. 
Data integration is formatting the aggregated data to a uniform standard. DataOne is an 
example of an aggregate database, the data files are uploaded and remain as distinct, search-
able data sets with metadata (Michener et al. 2012). EDDMapS is an integrated database, 
where data comes from many sources and is formatted to one standard, and data across many 
sources can be downloaded as one package. There are positives and negatives associated with 
each system, a researcher looking for data collected according to specific parameters may 
prefer data that is aggregated so that they can select data sets that meet their needs whereas 
another researcher has broader needs, requires a lot of data, and survey methods are not a 
factor would find that an integrated database would be the best resource.

Following a set of data standards will ensure that shared invasive species data are inter-
preted as intended and are as usable as possible. In the invasive species community, the 
data standards that are recommended are the Mapping Standards for Program Managers 
from the North American Invasive Species Management Association (North American 
Invasive Species Management Association 2018). Further guidance on open access stand-
ards, formats, and protocols were published by the National Invasive Species Council 
Secretariat to ensure increased access to information (2018). The effort to increase the shar-
ing and accessibility of invasive species data is broadly recognized and major databases that 
contain invasive species information have agreed to conform to standards, exchange data, 
and practice timeliness to facilitate Early Detection and Rapid Response programs (Western 
Governors’ Association 2018).



17  Citizen Scientists’ Role in Invasive Alien Species Mapping and Management332

Combining invasive species data from many sources can help answer many questions. 
Observation data from different groups helps to fill in gaps in data and find the leading 
edge in distribution. Providing a database that credits the groups collecting data can facili-
tate partnerships across regions to pool resources, share information, reduce duplication of 
effort, and coordinate activities.

17.5  Invasive Species Prevention/Management Activities

17.5.1 Prevention

There are many campaigns that are now cropping up with a focus on invasive species pre-
vention. Some of the most publicized campaigns are ones related to altering the public as 
to how they can prevent invasive species movement. The ®PlayCleanGo campaign provides 
information and outreach materials on how recreationalists can prevent invasive species 
spread by cleaning their clothes, gear, etc. before leaving the area they were enjoying 
(PlayCleanGo 2019). This includes everything from boot brush stations to remove seeds to 
cleaning boats to prevent aquatic species from transferring from one water body to another 
and more. Don’t Move Firewood is a program that focuses specifically on protecting forests 
by educating the public about the hazards of transporting firewood, potentially spreading 
insects and diseases that can live on the inside or outside of untreated wood (Don’t Move 
Firewood 2019).

Individual programs can partner with existing prevention campaigns as well as adopt 
practices of their own. Many parks, forests, etc. restrict campers from bringing in their own 
firewood to help prevent introduction of invasive pests such as emerald ash borer, Asian 
longhorned beetle, and sudden oak death. Trail heads increasingly are constructing boot 
brush stations to encourage hikers to clean their shoes before and after to reduce the pos-
sibility of moving invasive species into or outside of the trail.

17.5.2 Management

Once invasive species have been introduced there are many activities that can be conducted 
to eradicate or manage the populations and these can often times include citizen scientists 
(Williams et al. 2009). The most important task is to know what species are where. Many 
species require specific management activities and knowing what species are located in the 
area of interest will define the management plan. Citizen scientists are very useful for this 
task, as several citizen scientists cover a much larger area than existing staff of most public 
lands. Involving the local public also helps to include them in the activities of the public 
lands around them, gives them a sense of community and responsibility to the lands, and 
informs them of the current state of the issue (Williams et al. 2009). Once adequate survey-
ing has been conducted to gain a sense of the scope of the number of invasive species and 
the area they cover, management plans can be established, and citizen scientist involve-
ment in those activities can be decided.

Florida and several of the surrounding states and nearby countries have an increasing 
problem with lionfish. Lionfish is an invasive fish that was released into the Gulf of 
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Mexico and the Atlantic Ocean and is a predator of coral-reef fishes and crustaceans 
(United States Geological Survey – Nonindigenous Aquatic Species 2019). It has caused 
massive native fish declines in areas where it has been introduced and it is incredibly dif-
ficult to control (Albins and Hixon  2008). In an effort to engage the public in control 
efforts, and to act as an awareness program, Florida Fish and Wildlife Conservation 
Commission has hosted several lionfish round ups and contests (Florida Fish and Wildlife 
Conservation Commission  2018). As the current best method of lionfish capture is by 
spear, a fairly slow and specialized method, and other more common fishing methods 
(e.g., cast net, rod, and reel) are not options, these events require many citizen scientists 
but can cause a decline in lionfish populations on a yearly basis (Green et al. 2017; Florida 
Fish and Wildlife Conservation Commission 2018). The events are popular, with thou-
sands of lionfish removed each year since 2015 by a variety of programs (Florida Fish and 
Wildlife Conservation Commission 2018).

Some of the most common invasive species management activities citizen scientists can 
be involved in without specialized or extensive training are weed-pull days (VanBebber 2003). 
These activities are often focused in a specific area with a very short list of species. Sustained 
effort can, for certain species, eradicate small populations. These types of activities are also 
common among ecosystem restoration efforts, removing existing invasive plant popula-
tions, and replacing those with native species.

When brown marmorated stink bug became established in the United States, the 
main concern was with its effect on crops and native plants. Citizen scientists became 
among the best reporters for where this invasive insect was, as it also had an affinity for 
invading houses (Botch and Brown 2019). Awareness campaigns, such as StopBMSB 
and the March Madness Citizen Science Project to Find Stinky, helped to inform the 
public about this insect they were now finding in and around their homes and encour-
aged them to report it (Jentsch 2017; StopBMSB 2019). These types of projects help to 
find the leading edge of the infested area as well as fill in gaps where there are not 
existing reports (Figure 17.1).

17.6  Conclusions

Citizen scientists can be involved in most, if not all, aspects of the invasive species issue. 
They are most often utilized in mapping and awareness/outreach capacity, but can be also 
included in on-the-ground management, fundraising, and other activities. Without citizen 
scientist involvement, most invasive species maps would be full of holes and the direction 
of movement would be unclear, and thus, management of these populations would not 
occur until long after eradication is no longer a possibility. As such, invasive species man-
agement would not be nearly so effective without citizen scientists contributing their time, 
effort, and expertise. Recruiting a large and diverse volunteer base can dramatically 
increase the work being done, especially if high-effort citizen scientists join the program. 
Training provides citizen scientists and any subsequent data users with the confidence in 
any data collected is accurate and useful. These data can be used to develop models on 
invasive species movement, risk assessments, and answer many questions for years to come.
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