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Global Collaboration of Students and Teachers 
to Monitor Invasive Species
BY JOSHUA P. LORD, PH.D., GIAN PAOLA GRANT, PH.D., DIANA PALMA, NICHOLAS NEGRETE, AND BRIELLE DALVANO

ABSTRACT
Invasive species can reduce biodiversity, negatively impact 
native species, or even cause extinctions. Many common 
marine fouling organisms, which grow on boats, docks, and 
aquaculture equipment, are invasive and are found in ports 
all over the world. We observed and conducted experiments 
with these invasive species simultaneously in different parts 
of the world by creating a collaborating network of high 
school students and teachers in coastal cities. This program 
involved high school students in the experimental process 
for a global-scale research project, and at the same time, 
collected valuable scientific data about growth and competi-
tion of invasive fouling species.

BACKGROUND
Invasive species can reduce overall biodiversity (Ruiz and 
Carlton 1997; Bax et al. 2003) and have an economic cost of 
approximately $120 billion per year in the US alone (Pimentel 
et al. 2005). Several billion dollars of this is due to biofouling 
organisms, which can coat ships’ hulls, cover aquaculture 
cages, and clog intake valves of power plants and desalination 
facilities (US Fish and Wildlife Service). Fouling communities 
are made up of many different species, are dominated by 
invasive species in many locations, and include sea squirts, 
sponges, and bryozoans, among other groups (Sebens 1986; 
Dijkstra et al. 2011). For this study, we focused on globally 
abundant invasive fouling organisms that could be moni-
tored at marinas by high school students around the world. 
We were partially inspired by the Smithsonian’s Plate Watch 
program (aka iTunicate), which utilizes volunteers to monitor 
biofouling in marinas throughout Alaska to track invasive 
species. 

Current high school science curricula in the US generally 
focus on teaching concepts separated into units and chap-
ters, with far less focus on original research. This includes 
an introduction to the topics either by lecture or by video 
in a flipped classroom, followed by heavily guided problem 
solving. At best, the teacher incorporates laboratory experi-
ments that provide support to the concepts taught in the 
classroom. While traditional instruction has been improved 
by use of technology and activities to engage students, it only 
marginally utilizes many scientific practices. Experiencing the 

scientific process facilitates student understanding of science 
and enhances critical thinking and problem-solving skills. 
Involving students in research enables them to directly expe-
rience the three dimensions of science learning supported by 
the Next Generation Science Standards (National Research 
Council 2012).

We began this collaborative research program called iBARGE 
(invasive bryozoan and ascidian recruitment and growth 
experiment) in 2015 with the support of Bates College, 
which provided funding for the experiment. Our goal was 
twofold: to better understand competition between native 
and invasive species around the world, and to get high school 
students involved in a large-scale experiment. By docu-
menting the growth rates and abundance of invasive species 
in different locations, we could make predictions about the 
future spread and impact of these invaders. Participating high 
school students at schools near each research site would 
have the opportunity to experience the scientific process 
(Padilla 1990) under the guidance and support of a teacher.
 
To monitor fouling species growing on docks for the iBARGE 
project, students needed to have easy access to a marina, 
so we initially contacted 149 high schools in coastal cities 
in nine countries in fall 2014. Teachers or administrators at 
40 schools responded (~27%) with some level of interest, 

FIGURE 1. Response and participation rates in the iBARGE 
project for US and international high schools.
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and 20 high schools (~13%) ended up participating in the 
iBARGE project (see Figure 1 on page 49). This participa-
tion rate was about what we expected given the workload 
and commitment to a long-term project that would continue 
into the summer break. Summer is also the time when 
many students are involved with summer jobs or research 
programs, so it takes a substantial commitment from both 
students and teachers. It was necessary to conduct these 
experiments during late spring and summer because this is 
when most fouling organisms reproduce and attach to avail-
able space in temperate locations.
 

The 20 schools along temperate coastlines in five countries 
(14 in the US) gave us a wide array of sites, with different 
temperatures and different sets of species present (see 
Figure 3). The high number of sites were necessary for a 
broad-scale understanding of the impact of invasive fouling 
species. Weekly sampling by students at all sites created 
a huge database (over 1000 photos of biofouling) of the 
abundance and growth of invasive fouling species. Because 
this was both a scientific research project and an education 
outreach program, the following sections detail the methods 
that were utilized by the marine biology researchers (J. Lord 
and B. Dalvano), high school teachers (G. Grant), and high 
school students (D. Palma and N. Negrete).

PROJECT METHODS
The iBARGE project included three main levels of partici-
pants: the researchers that designed and organized the 
project and analyzed resulting data, the teachers who coor-
dinated student activities and contacted local marinas, and 
the students who conducted the experiments and uploaded 
invasive species photos on a weekly basis. 

FIGURE 2. Example photos of four weeks of growth from 
Groton, Connecticut. The same panel is shown after 1 (A), 2 (B), 
3 (C), and 4 (D) weeks of growth, and is clearly filled up by week 
three. A blank rack of four experimental panels is shown along 
with a digital thermometer below (E).  Courtesy of Joshua Lord

FIGURE 3. Example photos from all the participating iBARGE 
sites in summer 2015. Courtesy of students at participating insti-
tutions listed in acknowledgments section, as well as Joshua Lord
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Researchers
Fouling organisms generally reproduce by releasing swim-
ming larvae into the water, and these larvae then search for 
an open space to attach. To measure how quickly invasive 
fouling species in each location attached to and then filled 
up available space, we used a set-up with four 10 cm by 10 
cm PVC squares (aka panels), all held together on a PVC pipe 
rack (see Figure 2 on page 50). We created these in a work-
shop at Bates College and shipped them out to each school 
along with instructions, rope to hang the panels beneath a 
floating dock, a plastic tub to submerge the panel rack to take 
weekly photos, and a digital thermometer. This equipment 
set was very cost-effective (about $40 total before shipping), 
so could be built by most high school science teachers, 
especially at schools with available funds for special projects. 
Fouling species quickly attach to these open spaces, so we 
instructed students to photograph these panels every week. 
We also wanted them to scrape one panel clean every week 
(a different one each week, in order), so that the panels 
contained different ages of growth, from one to four weeks 
old. The photographs were used to document the species 
on each panel and monitor growth and competition for four 
weeks. Photo and data analysis was performed by Joshua 
Lord, a researcher at MBARI (students and/or teachers at 
multiple sites identified many of the more common species 
for their own projects).

Teachers
The iBARGE program enabled invited teachers to provide 
additional educational support to students interested in 
scientific research outside the class curriculum. We invited 
students to join the program based on expressed research 
interest and potential to major in science or engineering 
fields. Once the target coastal site was identified by 
teachers or researchers, the teachers obtained permission 
from marina managers to deploy the panels at a specific 
location in each marina. Some teachers uploaded photos 
themselves or worked with students to analyze photos, 
while others left the project entirely up to the students  
after this initial start-up phase.

Students
Students at all locations performed the weekly maintenance 
of the experiment necessary for this project, as described in 
the following example. At a site in the City of Long Beach, 
CA, St. Anthony High School students Nicholas Negrete 
and Diana Palma (see Figure 4) participated in the iBARGE 
program during summer 2015. We continued the project in 
2016, led by Nicole Meneses and Ian Padilla. After learning 
of the need for seawater access for this project, we initiated 

and established contact with Commissioner David Zanatta 
at the Long Beach Department of Parks, Recreation, and 
Marine. We were further directed to obtain permission for 
the access of a specific research site at the Long Beach 
marina. The Marine Bureau manager in Long Beach approved 
the location of the research site at the Marine Bureau 
Headquarters (Figure 4D). In the initial set-up, we deployed 
four panels face-down and submerged about one meter 
below the waterline (Figure 4A). Once a week, we collected 
data and performed maintenance on the panels. We filled 
a container with seawater to minimize exposure of marine 
organisms to air, pulled up the panels, and placed them in 
the container (Figure 4A and 4C). We took individual pictures 
of each of the four panels, scraped off one of the panels 
(rotating sequentially), and placed the panel rack back into 
the water (Figure 4A). Then, we uploaded the pictures to a 
computer and compiled them in a shared folder. All work was 
completed in about two hours every week.

FIGURE 4. Students involved in running experiments in 
summer 2016. Students hang experimental panels approxi-
mately 0.5 m beneath a floating dock (A). Each week, students 
like Diana Palma and Nicole Meneses (B) pull panels up and 
photograph growth (C). These panels were deployed at Long 
Beach Marina (D), near the mouth of the harbor. Courtesy of 
Gian Grant
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OUTCOMES
Researchers
We met the initial goals of the project; students at all locations 
uploaded four photos each week, providing us with a database 
of over 1000 photos of fouling species from all over the world 
(see Figure 3 on page 50)! Because sites were at different 
natural seawater temperatures, we measured which species 
did best at different temperatures and quantified competi-
tion between species. This allowed us to make predictions 
about which sites are vulnerable to future invasions and which 
species have the potential to spread. Strong competitors 
overgrew other species and kept getting larger even when 
the panel was already full (see Figure 2D on page 50), while 
weak competitors lost space. So much data was produced 
by this collaborative project that we were able to produce 
two scientific publications (see Figure 5) (Lord 2016a,b). 
Having teachers and students willing to participate on a global 
scale allowed us to have far more sites than we could have 
managed on our own. In addition to the educational element, 
this greatly improved the science.

Teachers and Students
The iBARGE program achieved the goal of involving high 
school students in global research and providing them with 
experience using the scientific process. However, this was 
a pilot project and there was no assessment mechanism 
in place to quantify any changes in student communica-
tion skills or familiarity with the scientific method. As such, 
the rest of this section will focus on the experiences of the 
authors as case studies of teacher (G. Grant) and student 
(D. Palma, N. Negrete) outcomes. The outcomes for other 
students and teachers may differ considerably from those 
described here.

With the iBARGE program, teachers provided students with a 
better perspective on how scientists work. Students expe-
rienced the scientific process skills and the interdisciplinary 
nature of science and education. The basic science process 
skills include observing, inferring, measuring, communi-
cating, classifying, and predicting (Padilla 1990). Students 
got an in-depth look at the scientific method in practice and 
worked on their communication skills, which are needed in 
all aspects of the scientific process (Watson 2004). They 
followed the experimental procedure and provided and 
observed native and invasive species growing on the panels 
(e.g., Figure 3K). The students at the high school in Long 
Beach, CA, learned to collaborate and to communicate scien-
tific goals and results to the public and scientific community. 

FIGURE 5. Results obtained from data collected by students 
in Long Beach, CA, in 2015. The most abundant species on the 
experimental panels (A) was an invasive bryozoan, though there 
were approximately the same number of native and invasive 
species. After panels were deployed for four weeks, they were 
~50% covered in new growth, about half of which was invasive 
species (B). Courtesy of Joshua Lord



53

Volume 30 • No. 2 • Fall/Winter 2016

After learning about some of the global results of the iBARGE 
project, one author (D. Palma) took the further step of 
presenting her work to the Commissioners of Long Beach 
Department of Parks, Recreation, and Marine. By creating a 
scientific poster, Diana reflected on and researched the signif-
icance of her work. She also learned about invasive biofouling 
organisms, and how they may affect function of sea vessels 
and equipment. Even more important for high school 
students, the iBARGE program provided them with a different 
outlook on learning and educated them about future career 
options. Nicholas is pursuing a computer science degree 
at Stanford University, and Diana plans to major in environ-
mental engineering at Arizona State University.
 
REFLECTIONS AND NEXT STEPS
From a scientific perspective, the iBARGE project was largely 
successful due to the substantial number of sites involved 
and broad geographic range. The actual sampling process 
was straightforward enough that most schools had few issues. 
However, clearer diagrams and instructions were requested 
by a few schools that had problems following the procedure. 
In addition, it would have been useful to formalize a way to 
get feedback on the project from students and teachers to 
get a clear picture of their impressions of the project. We 
are currently developing an evaluation process to assess 
the impact of the iBARGE program on high school student 
communication skills, knowledge of the scientific process, 
college choice, and career impact. The iBARGE project is 
continuing in 2016 at about half of the sites that were willing 
to keep the equipment, find new students to get involved, 
and get started before students left for summer break. The 
continued collection of data will allow us to compare changes 
in the fouling communities at each site from one year to the 
next. In addition, participating students are encouraged to 
ask other questions and present their research work in local 
scientific forums. Turning this into a longer-term collaboration 
that could incorporate several years of sampling would support 
further research experiences for high school students and 
would provide researchers and policymakers with additional 
information about the spread of invasive fouling species.

While this specific project cannot be replicated everywhere 
due to the timing (summer in temperate climates) and coastal 
location, it is clear from this work that high-level scientific 
research can be expanded into schools, benefiting scientists, 
teachers, and students. By utilizing projects with relatively 
simple methods (e.g., weekly monitoring), this is one way for 
scientists to obtain high quality data on a larger and more cost-
effective scale than would be possible without the outreach 
component. Teachers were able to expose students to the 
scientific method as part of a large-scale research program, 

and students gained experience with the scientific process. 
Simple online photo sharing further facilitates biological moni-
toring projects, as photos can be analyzed by researchers in 
a central location or teachers and students around the world. 
Whether the project involves monitoring of harmful species 
(e.g., tent caterpillars or zebra mussels) or repeating similar 
experiments in a range of locations, developing a collaborative 
network of schools can be a mutually beneficial process. 

RESOURCES
• iBARGE Program: http://ibargeprogram.wordpress.com
• Smithsonian Plate Watch (iTunicate) Program: http://

platewatch.nisbase.org
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We invite you to join us and share your ideas, resources, 
expertise, and inspiration with like-minded professionals. 

Networking and building a sense of ’family’ is a key benefit 
of our organization—however, members receive many other 
benefits as well: discounts at conferences, opportunities for 
scholarship and leadership, and many others. See http://
www.marine-ed.org/?page=mbr_benefits for a complete 
list of benefits. 

We have exciting initiatives happening both locally and 
globally and would love to collaborate with you! 

You have many ways to get involved with this wonderful 
organization—join committees at http://www.marine-ed.
org/ (click on Groups, then Committees), share your 
ideas, help with strategic initiatives, plan implementation, 
collaborate with other NMEA colleagues, and bring in new 
members (contact membership committee chair Lynn 
Whitley at lwhitley@usc.edu). 

Go to the NMEA website at www.marine-ed.org and click 
on the “Join Us” link to choose your membership category 
and start the sign-up process.
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