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CURRENT LOG We’re excited to bring you another general issue of Current featuring articles by NMEA members from all over the
country and overseas to provide new ways to discover the “world of water.” In this issue, you’ll find a variety of engaging articles and
activities, including how a marine science workshop with a multisensory twist is inspiring educators and students, to a program
that’s combining creative art activities with real-life science to educate elementary-aged students about the impacts of plastic on our
environment, plus many more topics.
From July 22-25th in Durham, New Hampshire, marine educators from near and far will gather for our 2019 annual conference,
Turning the Tide: Learning from Yesterday, Adapting for Tomorrow, hosted by the Gulf of Maine Marine Education Association
(GOMMEA). The conference brings together formal and informal educators, scientists, students, and government and industry
members to network and inspire. The conference hosts general and concurrent sessions, workshops, field trips, and evening events.
Save the date and visit the NMEA website for more details to come on upcoming call for paper and registration deadlines, or contact
the GOMMEA conference coordinators at gommea.org/nmea2019 with any questions. We hope to see you there!
NMEA publishes two digital issues of Current each year, so please continue to send in your original manuscripts on research, lessons,
resources, or strategies focused on marine and aquatic science, education, art, literature, and maritime history. Look for contributor
guidelines here for Current: The Journal of Marine Education. The deadline for submitting articles for consideration in the Fall/
Winter 2018 general issue of Current is September 17, 2018.
Remember to stay connected to the NMEA by liking us on Facebook and following us on Twitter for the latest news and updates.
Cheers,
Lisa M. Tooker
Editor
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What the VAK with Marine Science?:
A Workshop to Put You in Students’ Shoes
BY DOMINIKA WOJCIESZEK, KATARZYNA BOROWIAK, AND ROBERT ROCHA

During the 2016 European Marine Science Educators Association (EMSEA) annual conference in Belfast, Northern Ireland, in the
midst of a series of presentations and workshops that were focused primarily on efforts to bring the concept of Ocean Literacy
to European institutions and general public, a workshop was presented that was meant to educate, motivate, and entertain.
This workshop, called What the VAK? (Visual, Auditory, Kinesthetic) with Marine Science—A Multisensory Approach to Marine
Education, literally had everyone in the room out of their seats participating actively in the dual role of teacher and learner.
This presentation was so engaging and so easily adapted to any presenter’s locale that I strongly encouraged the leaders of
this workshop, who work for the Akwarium Gdyńskie (Gdynia Aquarium) in Poland, to bring this workshop to the 2017 NMEA
conference. So, with support from their aquarium and scholarships from NMEA’s Expanding Audiences funds, Dominika
and Katarzyna were able to attend our conference this summer and present What the VAK? As expected, the session was
exceptionally well-received and gave attendees some new ideas and tools for teaching adaptations, classification, and
interaction among species.
I was quite excited to have them join us in Charleston, and now I am equally pleased to have them share some of the back
story of the creation of this program, the setting in which they work, and the feedback related to this specific program that they
have received from teachers who have brought classes to their aquarium.
-Robert Rocha

FIGURE 1. Education through play for students ages 4-6, at the Gdynia Aquarium.
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FIGURE 2. Number of students attending classes at the Gdynia Aquarium since 1998.

The Gdynia Aquarium is quite an unusual zoological garden,
located in northern Poland, on the coast of the Baltic Sea.
The exhibit is focused on the aquatic environment and
presents four major world biotopes: coral reefs, coastal
zones, dense rainforests of the Amazon, and the Baltic Sea.
The zoo owes its long traditions associated with the collection and display of aquatic fauna and flora to being a part of
the National Marine Fisheries Research Institute—the oldest
marine research unit in Poland. Nonetheless, our mission
is not only to present the natural environment, but also to
impart scientific knowledge. With the above in mind, in 1998
the Gdynia Aquarium established the Education Center. Since
then, students from Gdynia as well as school groups from
all over Poland have participated in numerous workshops
and educational projects. The main goal of its activity is to
educate as many young people as possible on the current
issues of biology, ecology, and the protection of the marine
environment. There are about 40,000 people each year taking
part in those phenomenal lessons (Figure 2). What is crucial
for educators is to modify scripts of the classes according to
the age of the participants. As a result, lessons are extremely
diverse in the forms in which they are designed: multimedia
presentations, demonstration lessons, workshops, laboratories, hydrographic cruises, education through play, and movie
screening (Figure 1). The educators work with all age groups:

preschoolers, teenagers, students, teachers, seniors, and
others, like customs officers. Varied also are the educational
spaces used. The Education Center conducts classes in five
well-equipped rooms, a nearby marina, and an exhibition at
the Gdynia Aquarium.
In terms of all this, and as employees of the Education
Center in Gdynia Aquarium, we admit, it is quite a challenge
to be marine educators. Every hour, we teach a different
age group in a different location like a kindergarten class in
a laboratory, auditorium, exhibition, or outdoors. There is
another challenge: how do we grab the attention of those
young people, if they are glued to their mobile phones?
We decided to create a series of interactive tasks based
on participants’ senses, which are now tapped during our
classes. Touch, see, hear and experience! is the motto of the
Education Center. In our view, the main goal of an educator
is to stimulate student imagination by inspiring them to be
active. We engage students by using the VAK method.
Although, the VAK (visual, auditory, kinesthetic) learning
styles approach is widely discussed or even controversial, it
still provides us with a broad set of tools that help marine
educators at the Gdynia Aquarium reach and educate large
groups of visitors. Understanding how complex a learning
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process is, as well as how diverse students’ abilities are, we
decided our classes should be designed in such a way that
they engage most senses in the teaching-learning process,
and help the educators effectively pass their knowledge on
to diverse audiences. All our classes provide a visual presentation of animals and/or processes discussed; accompanied
by a story from our educator; sound effects such as animal
sounds; as well as kinesthetic experience in the form of a
drama for young kids, and hands-on experiments or microscopic observations for older students.
This method was employed in all our education activities,
including outdoor events such as Baltic Sea Protection Day;
Festival of Biodiversity etc.; and in-house classes offered for
our two biggest externally-funded projects, Gdynia and Sopot.
The latter are environmental education programs funded
by the City of Gdynia and the City of Sopot for students
attending schools in their respective cities. Each class within
those programs is followed by a survey filled out by a teacher
accompanying students during their trips to the Aquarium. In
both cases, the teachers were very satisfied with the results
of the programs and considered it very engaging for students.
Many of them pointed out that the program is especially
engaging for students who do not perform well in a traditional
school environment that is based on textbook learning with
very little visual or kinesthetic experience.
Encouraged by positive responses from teachers, and the
general success of our approach, we decided to share our
experience with other informal educators and developed
a workshop. The goal of the workshop is to put the participants into students’ shoes and show how difficult it may be
to learn, if the teaching style is not tailored to your learning
needs. To achieve this goal, the workshop breaks down the
learning experience into separate senses: visual, auditory, and
kinesthetic. It consists of three tasks, each focused on one of
the three senses, and a summary. Each participant receives
a worksheet on which each task is explained and additional
materials are available and described.

I SEE SEA: VISUAL PRESENTATIONS IN
MARINE EDUCATION
The first task tests a participant’s visual abilities. The task
is based on a bingo game and requires the participant to
make a connection between information on a worksheet
and pictures presented by the workshop leader. On the
worksheet, the participants have 20 pictures of household
objects or terrestrial animals whose names or shapes relate
to some popular sea creatures such as a cucumber, star, or
a clown (Figure 3). As the exercise starts, photographs of
20 sea creatures relating to those objects, with their names,
are displayed on the screen. Each picture is displayed for
seven seconds. No sounds or comments are provided by
the workshop leaders. The participants’ task is to cross off
the appropriate pictures of their worksheet as the animals’
photographs appear on the screen.
Visual presentation of information, whether it is a picture of
an animal, a graph, or any other depiction of an issue, usually
reaches most of the audience successfully. The same is true
for the first part of the workshop and this first task is usually
the easiest for participants. However, the workshop shows
that not all participants are able to complete the task. Even
though we cannot conclude whether it’s caused by some
external factors, based on our observation of participants, we
believe that for some of them it is due to a lack of additional
clues, like commentary on the animal’s name or behavior.

I HEAR SEA: DOES THE AUDIENCE UNDERSTAND
WHEN WE TALK?
The aim of the second part of the workshop is to show how
hard it is to understand any topic when it’s being explained
only with words without any visual cues. In this task, participants draw a sea animal following just verbal instructions
given by another workshop participant. Participants don’t
know what type of an animal they are drawing. The sea
creature consists solely of geometric shapes such as triangles
and circles (Figure 4). The instructions also consist solely of
information about shapes and their localization on the sheet.
The participant giving instructions to his or her peers is also

FIGURE 3. Examples of drawings that participants find on their worksheets with matching photographs of sea creatures.
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This task, even though intimidating for some of the participants in the beginning, brings good results in terms of
audience engagement as well correct answers about food
chain compositions. In our opinion, this last part shows
exactly how important it is to establish a good relationship
with your audience and work more as one group, rather
than as two separate parts—teacher and students.

A SUMMARY: APPLYING VAK IN YOUR TEACHING

FIGURE 4. An example of a sea creature to be drawn in the
second task of the workshop.
instructed not to use gestures while describing the picture.
This part of the workshop is consistently the hardest. At least
half of participants have difficulty understanding instructions
that are not accompanied by any visual representation of
the object they’re drawing. Many of them give up halfway
through the task, and very few complete the drawing to look
exactly like the original picture. In our opinion, this exercise
shows most clearly how difficult it is to explain something
with just words, and how easy it is to lose your audience with
prolonged verbal explanations that are not supported by any
other material such as a picture, video, or hands-on practice.

I BECOME SEA: USING YOUR BODY IN TEACHING
MARINE SCIENCE
The last part of the workshop refers to involving the
educator’s body in the story he/she is telling or giving the
audience some hands-on experiences. This can be in the
form of microscopic observation, holding and seeing an
object they’re learning about, or in the case of the task,
telling the story with your own body. The latter was inspired
by our experience with our youngest students at the Gdynia
Aquarium. For groups ages four to six, we provide classes
in the form of a drama in which the children are required
to become certain animals. This class received very good
reviews from the teachers of these young students, so we
adapted them for use in our workshop.
The task is based on charades. Participants in groups of two
to three people “perform” a food chain. Each group takes an
envelope with an example of a food chain (Figure 5) and is
given three minutes to prepare. Each participant becomes
one animal in the chain, while the audience is guessing
what animals are in the food chain. After “the performance,”
pictures of the animals in the trophic chain come up on the
screen for comparison.

At the end of the workshop, all participants are required to do
a short “teaching session” with the use of all three modes of
presenting—visual, auditory, and kinesthetic. Each participant
draws a short (two sentence) description of a sea creature
with its photograph. Their task is to say something about the
animal and show its behavior or a characteristic feature. For
the convenience of the workshop, the leaders offer to display
a picture of the animal on the screen or the participants can
try drawing it on a flip chart (Figures 6 and 7).

FIGURE 5. An example of a food chain to be performed by a
team of two participants.
The workshop was created as a story of our experience at
the Gdynia Aquarium teaching large and diverse groups of
students. Even though it was based on a very simple concept
and designed more as a game than a workshop, it is always
enjoyed by both the participants and workshop leaders.
Educators who took part in the workshop saw it as a valuable
source of useful techniques and inspiration to bring back to
their own classroom. Even more importantly, students who
are taught using these methods are more engaged in the
learning process and, according to their school teachers,
perform better compared to traditional school classes.
DOMINIKA WOJCIESZEK is a marine geologist and a Gdansk
University and San Francisco State University graduate.
Currently working as an Education Specialist at the Gdynia
Aquarium, National Marine Fisheries Research Institute. Her
main duties and responsibilities include teaching, supervising
interns, supervising exhibition renovations and updates,
and maintaining an e-guide. Prior to her career in marine
education she was involved in paleoocanographic research
investigating past sea surface temperatures and climate.
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KATARZYNA BOROWIAK is a marine biologist, educator at
the Education Centre of the Gdynia Aquarium National Marine
Fisheries Research Institute (NMFRI) and project manager of
annual, educational project “Meet the Baltic Sea” founded by
NMFRI and City Hall of Sopot since 2010. She graduated from
the University of Gdansk and received a Master of Science in
Oceanography, specializing in Marine Biology and Postgraduate
Pedagogical Studies. In her free time, she’s a traveller, runner,
and enthusiast of modern interior design.
ROBERT ROCHA is the Director of Education and Science
Programs at the New Bedford Whaling Museum, where
he has worked since 2004. He is Executive Director of
Massachusetts Marine Educators (MME), past president

of National Marine Educators Association (NMEA), Chair
of the Education Committee of the North Atlantic Right
Whale Consortium, and Chair of the Acushnet Conservation
Commission. Bob received his Bachelor of Science in
Biology from Southeastern Massachusetts University and
his Master of Science in Environmental Education from
Antioch University New England. He co-authored Emptying
the Oceans: A Summary of Industrial Whaling in the 20th
Century, published by NOAA’s Office of Publications, and has
written several articles for the Whaling Museum’s Bulletin
from Johnny Cake Hill, for MME’s Flotsam and Jetsam
newsletter, the Whaling Museum’s blog. When not at work
or involved in his many projects, he plays bass for the classic
rock and blues cover band Green Season.

FIGURE 6. Workshop summary at EMSEA Annual Conference in Belfast—participants learning about European
flounder. Courtesy of G. Niedoszytko

FIGURE 7. Workshop summary at NMEA Annual Meeting in Charleston—participants learning about whale fin
flapping. Courtesy of K. Borowiak
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Barcoding a Lionfish’s Last Meal: A Citizen
Science Research Project for the Classroom
BY SHERRI ANDREWS, PH.D., AND NANCY KIM PHAM HO, MSC.

Lionfish may be found in various habitats such as reefs, sandy ocean bottoms, and estuaries. Their ability to adapt to this wide range of
ecosystems are topics to discuss with students. Courtesy of Nancy Kim Pham Ho ©2017

ABSTRACT

INTRODUCTION

Barcoding a Lionfish’s Last Meal is a project that engages
students in authentic research and uses molecular techniques
to study an environmental issue—invasion of the lionfish.
Red lionfish (Pterois volitans) are a voracious invasive species
indigenous to Indo-Pacific waters that have the potential to
greatly disrupt coral reef ecosystems. We report the initial data
gathered from high school and university students as well
as high school teachers attending professional development
workshops. Data is shared on the iNaturalist website (see
Resources) to allow widespread access for analysis. This
project is now in its third year.

As marine science educators, we need to build awareness
of our fragile aquatic ecosystems. One area of concern is
the introduction of an invasive species, Pterois volitans (red
lionfish), to the marine ecosystem as well as temporarily
living in some fresh water systems worldwide. Although
beautiful, this species can reduce the native fish populations
by an estimated 65 to 79%. (Bellaw et al. 2016; Green et
al. 2012). Indigenous to Indo-Pacific waters, these voracious
eaters have the potential to have profound effects on coral
ecosystems in the Atlantic from North Carolina to Venezuela,
the Caribbean Sea, and the Gulf of Mexico (Rocha et al.
2015; Albins et al. 2008). Alarmingly, there have also been
sightings as far south as Brazil (Ferreira et al. 2015).

7
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It is important to understand exactly what lionfish are eating
in order to predict ecosystem changes (Valdez-Moreno
et al. 2012), and over 100 studies have investigated the
potential role lionfish may play in the Western Atlantic and
the Caribbean (Cote and Smith 2018). In 2010, the National
Oceanic and Atmospheric Administration (NOAA) initiated
an “Eat Lionfish” campaign aimed at promoting consumption of lionfish as a viable seafood choice. Since then dozens
of organizations have hosted lionfish hunting competitions
in efforts to manage this invasive fish and educate local
communities about this epidemic. A major area of focus
has been on evaluating the prey items found in the guts of
lionfish through visual identification, DNA barcoding, and
metabarcoding (Dahl and Patterson 2014; Valdez-Moreno
et al. 2012; Harmes-Tuochy CA et al. 2016).
Carol Baldwin, Curator of Fishes at the Smithsonian Museum
of Natural History, originally inspired the “Barcoding a
Lionfish Last Meal: A Citizen Science Research Project for
the Classroom.” Her presentation to participants in the
first-ever held workshop at Q?rious (a unique, interactive
science education space) focused on the invasive lionfish
and the need to use barcoding to identify what they were
eating. The stomachs of lionfish, which are often discarded
when gutted for fillets, gave rise to opportunities for educators to bring real-time ecology questions to the classroom.
Our lionfish project began in the summer of 2015, when
a group of high school and middle school teachers participated in a workshop at the University of Western Florida.

The state of Florida hosts numerous lionfish events where a
team of divers works together to help remove lionfish from local
waters. Seven dive teams have donated their catch to this project
to provide stomachs for students to analyze. Courtesy of Nancy
Kim Pham Ho ©2017
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Participants spent two days learning about DNA barcoding
and carrying out project procedures. Later that summer
community college instructors and high school teachers
attended a one-day workshop at Brunswick Community
College in North Carolina. The following spring informal
science educators, university students, high school teachers,
and several high school students attended a one-day workshop at Vero Beach High School. These workshops resulted
in several high school student research projects, intern projects, and classroom implementations at the middle school,
high school, and university levels. Here we report the initial
data collected by student researchers and teachers participating in these professional development workshops.
Participation in the project facilitates understanding of the
scientific process related to DNA barcoding and it also
can grow awareness of the magnitude of the problem
this species is creating in our oceans. Participants dissect
lionfish and obtain prey items for DNA sequencing or
use previously processed samples. They learn how to
extract DNA, amplify it, and determine if the amplification
was successful. They can then prepare their samples for
sequencing, receive the sequence, analyze the results, and
add the data to the iNaturalist database. This data is then
available to the public for analysis. (Please note that while
there are many studies exploring this problem reported
in the literature, many of these studies are using metabarcoding to identify lionfish diet.) This method is still quite
expensive so it is for this reason the current study uses the
Sanger Sequencing method.

Size matters: Removing lionfish is not the only goal of lionfish
derbies. Biologists and other conservation organizations are able
to collect valuable data on each fish removed from these public
events. Courtesy of Nancy Kim Pham Ho ©2017
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Once the lionfish stomach contents are processed, each of the contents may be preserved and cataloged for later analysis, allowing
students to practice their data management skills. Courtesy of Adeljean Ho ©2017

Publishing data to the iNaturalist database allows access to
teachers and students to ask questions such as: “Are there
eating patterns among lionfish in different environments?”;
“Does the size of the lionfish influence diet?”; “Can students
identify species that are particularly vulnerable?”; and “If one
species in particular is removed from the ecosystem, what
might the long-term effects be on other populations?”

METHODS
The data presented here was collected from lionfish gut
content obtained from several sources: fresh caught and
dissected fish, fish obtained from teacher/divers in Pensacola
in the summer of 2015, and the Sebastian River Lionfish
Derby in May 2016. These fish were filleted by a team from
Coastal Biology Inc. in exchange for stomach content. The
fish were either weighed or measured, followed by dissection of the fish stomachs. Individual samples from stomach
contents were placed in vials containing 95% ethanol.
Alternatively, filleted fish were frozen. Each fish was assigned
a unique ID, and numbers were assigned to each sample
obtained from stomach contents.

If prey items were used in workshops, each participant got
one sample. If whole lionfish were used, participants each
dissected one fish. The number of prey items retrieved varied
from sample to sample. Some fish had no prey items, most
had two to four items, and the largest number of items found
was fourteen.
Fish dissected at the professional development workshops
followed NOAA Lionfish dissection guidelines. The fish were
assigned a unique ID, measured, and weighed. The samples
removed from the gut were assigned an ID number and
washed in 10% Clorox™ solution followed by distilled
water. This step was taken to minimize bacterial and cross
contamination.

MATERIALS
DNA extraction was performed using Bio-Rad’s Fish DNA
Barcoding Kit (1665100EDU). Samples were amplified using
PCR (also part of the Fish DNA Barcoding Kit) and amplicons
were verified using gel electrophoresis.

9
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The primer mix utilized was based on a literature search of
universal primer cocktails for fish barcoding, and ultimately
based on Ivanova et al. (2007). The mix contained degenerate primers that were tailed with M13 sequences in order
to facilitate sequencing. Samples that had the appropriate
sized 650bp PCR product (approximate 80% success rate)
were sent for sequencing using Bio-Rad’s DNA Barcoding
Sequencing Module (1665115EDU). Upon receipt of data,
it was entered into chromatograph reading software. The
chromatograms were examined for quality, trimmed, and
placed in a BLAST search. Samples that had an E-value of 0
or less, were at least 590 base pairs in length, and had 89%
coverage were included in the database. Data was uploaded
to iNaturalist (see Resources for websites) for easy access to
any interested parties.

RESULTS
A total of 100 identified prey items found in lionfish
stomach contents have been entered into the iNaturalist
database (Figure 1). These were visually identified (shrimp
and crab only) or met the quality criteria previously stated.
We identified two genera and 23 different species. Percent
of gut content was as follows:
• 13% red lionfish
• 12% shrimp
• 8% school bass
• 7% cigar minnow, tomtate, and cocoa damsel
• 6% decapoda (crustaceans)
• 5% twospot flounder
• 4% slippery dick, chameleon wrasse, and vermilion
• 3% bicolor damsel fish
• 2% flamefish, eyed flounder, sand perch, greenband
wrasse, freckled cardinal fish, and green razor fish
• 1% pallid goby, wrasse (species nonspecific), crab,
diamond lizardfish, and bluehead wrasse
It was interesting that 13% of total fish identified were lionfish,
as metabarcoding studies did not report any lionfish found in
stomach contents. It is likely that this data was removed from
consideration in these studies due to the methods used in
metabarcoding, which include next generation sequencing
that would have also identified the dissected host fish tissue.
It brings up the question of whether or not the observed 13%
in the current study may be contamination from the dissected
host fish itself. This was determined not to be the case as the
samples were whole fish or large pieces of fish tissue, and
the chromatographs did not indicate the presence of multiple
sources of DNA due to mixed sample origin. Furthermore,
additional studies using Sanger methods have reported that
lionfish are cannibalistic (Valdez-Moreno et al. 2012), which
corroborate the data from the current study.
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Two of the fish identified are on The International Union for
Conservation of Nature and Natural Resources (IUCN) Red
List of Threatened Species™: the pallid goby and the vermillion snapper. This raises concerns that if lionfish continue
to consume these species in great numbers, they could be
moved to endangered status. If examining a larger data, the
question arises, “Will there be more species added to the list
of which we should be concerned?”
Two fish in the sample, redlizard fish and chameleon wrasse
are not native to waters where the lionfish were speared.
Redlizard fish are indigenous to the western Pacific. GenBank
reported 89% sequence coverage and 99% sequence
identity. Upon closer examination of the databases, an identification of Synodus synodus includes five common names of
fish, one of which, the diamond lizard fish, is indigenous to the
Eastern Atlantic. According to the IUNC redlists, there is only 5
to 6% difference in COI gene sequences in this species (see
Resources for website). Perhaps the primer mix used in this
study does not differentiate between these related species or
data entered into GenBank is not as robust as expected.
The chameleon wrasse is indigenous to eastern pacific
waters. GenBank reported 94% sequence coverage and
90% sequence identity. A close relative, the green banded
wrasse is indigenous to Atlantic waters. This can be an area
for further study.
Our findings are also supported by other publications. For
example, Ballew et al. (2016) found that the tomtate populations were reduced by 45% during the study period. Tomtates
represented 7% of our sample size. A total of 108 samples
were submitted for sequencing. Eighty-seven of those samples
were successfully sequenced (an 80.5% success rate). Bear
in mind most of the participants in the project have very little
experience in the technique which is the hallmark of Citizen
Science projects. There are several contributing factors that
limit barcoding success. These include:
• Samples may be too small and therefore not enough
DNA is extracted.
• Exoskeletons and bones are more difficult for extraction.
• Proper technique for extraction is not followed (it is
extremely important that a sterile mincing tool is used to
retrieve the fish sample, and failure to do so can produce
inconclusive chromatographs).
• Too much fish is used in the extraction procedure. Too much
sample can also provide too many inhibitors of the PCR
reaction and the reaction does not complete properly. Too
much sample can also clog the DNA extraction columns.
• Improper micropipetting of solutions will inhibit extraction
and PCR reactions.
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FIGURE 1. Results of Prey Items Found in Lionfish Stomachs
Scientific Name

Common Name

Apogon maculatus

Flamefish

2

Bothus ocellatus

Eyed Flounder

2

Bothus robinsi

Twospot Flounder

5

Coryphopterus dicrus

Colon Goby

2

Coryphopterus eidolon

Pallid Goby

1

Decapoda

Decapods

6

Decapterus punctatus

Cigar Minnow

7

Dendrobranchiata

Shrimp and Prawns

12

Diplectrum formosum

Sand Perch

2

Haemulon aurolineatum

Tomtate

7

Halichoeres

Wrasse

1

Halichoeres bathyphilus

Greenband Wrasse

2

Halichoeres bivittatus

Slippery Dick

4

Halichoeres dispilus

Chameleon Wrasse

4

Phaeoptyx conklini

Freckled Cardinalfish

2

Pleocyemata

Crabs, Lobsters, and Allies

1

Pterois volitans

Red Lionfish

13

Rhomboplites aurorubens

Vermilion Snapper

4

Schultzea beta

School Bass

8

Scorpaenodes tredecimspinosus

Deepreef Scorpionfish

1

Stegastes partitus

Bicolor Damselfish

3

Stegastes variabilis

Cocoa Damselfish

7

Synodus synodus

Red Lizardfish

1

Thalassoma bifasciatum

Bluehead Wrasse

1

Xyrichtys splendens

Green Razorfish

2

Over spinning and allowing spin columns to dry out can
inhibit binding DNA on the column until the proper step
for DNA is released from the column.
Our most important finding is that this type of research can
be accomplished at the high school and post-secondary
levels. Our next step is to recruit and engage more teachers,
university lab managers, and student independent researchers
to participate in the project. This will allow the database to
grow and will make more data accessible to teachers who do
not have the bandwidth to participate in the data collection
process. It will also allow teachers to use the data as a tool
to teach data analysis as well as be of use for students to ask
interesting research questions.

Observations

PARTICIPATION IN THE PROJECT
There are several considerations for participation in the
project. At a minimum you will need a heat block or water
bath, 2-20μl, 20-200μl, and 100-1000μl micropipets, ability
to perform DNA electrophoresis, and a thermal cycler. If
you are a high school teacher you may be able to borrow
these items from another school, local community college,
or university. For ease of prep you can order the kits or you
can visit the literature to develop your own primer sets and
purchase materials to extract, amplify, and verify PCR products. You will also need a source for sequencing services,
which can be found at local core facilities, online resources,
or through purchasing commercial kits.

11

Volume 32 • No. 1 • Summer 2018

You will need to secure a source of lionfish. If you use local
divers, dive operations, or obtain samples from lionfish
derbies, make sure to secure whole fish and clip the spines
before handling, as they are venomous. Note that students
can still be stung (although we have never experienced
this) even though spines have been removed. For younger
students, bellies or lionfish bits are suggested. We do have
the ability to provide samples on a limited basis.

Green, S.J., J.L. Akins, A. Maljković, and I.M. Côté. (2012).
Invasive lionfish drive Atlantic coral reef fish declines. PloS
one, 7(3): p.e32596.

If you are interested in participating in this project, please
contact the authors. We will try to provide lionfish stomachs,
filleted lionfish, whole lionfish (first come first serve basis),
or lionfish prey items in vials. You can also contact local dive
shops to inquire about filleted lionfish and lionfish stomachs.

Ivanova N.V., T.S. Zemlak, R.H. Hanner, and P.D.N.
Hebert. (2007). Universal primer cocktails for fish
DNA barcoding. Molecular Ecology Notes, doi:
10.1111/j.1471-8286.2007.01748.x.

RESOURCES
BLAST Search:
https://blast.ncbi.nlm.nih.gov/Blast.cgi
iNaturalist:
https://www.inaturalist.org/projects/lion-fish-guts-barcoded
IUCN Red List of Threatened Species:
http://www.iucnredlist.org/details/13486169/0
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Touch Tank Scientists: Diving Deeper
with Inquiry
BY KATE LEAVITT

As marine science educators, we know the value of
inspiring, connecting, and using inquiry to drive and deepen
a visitor’s learning. Conversations like the one above,
peppered with wonder questions and scientific inquiry
practices and skills, represent the new norm at this touch
tank. Its evolution from a platform that excites, inspires,
and informs, to one that promotes scientific inquiry and
self-paced discovery required in-house assessment, iterative
design, and an innovative and comprehensive approach to
exhibit planning. The practices of thoughtful exhibit assessment, design, and interpretation can be applied at other
institutions and learning environments to facilitate fun,
novel hands-on inquiry investigations, and discussions.

INFORMAL SCIENCE EDUCATION CENTERS AND
THE STEM ECOSYSTEM
STEM Ecosystem is a phrase that has been gaining in popularity (Traphagen and Traill 2014; Falk et al. 2016; Tapprich et
al. 2016), but what does it really mean and what is its value
in practice? One may consider this concept as the combined
relational effects of informal learning environments, classrooms, and home efforts working together to provide a
range of experiences that help develop critical thinking and
problem-solving skills. Ideally these efforts coalesce to build
a student’s confidence practicing and understanding STEM
(Raju and Clayson 2010). A national urgency to improve
STEM skills and practices illuminates the need for a varied
and robust STEM Ecosystem to support and strengthen

Renovated touch tank with mounted
discussion prompt signage. Courtesy
of Seacoast Science Center ©2018
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classroom efforts. Institutions like aquariums, museums, and
science centers, can play an important role in supporting the
STEM learning that occurs in classrooms. Through exhibits,
live animal interactions, and interpretive programming,
informal science education centers (ISECs) have the ability
to generate excitement, motivation, and inspire interest and
passion (Feder et al. 2009; Gutwill and Allen 2010; Kisiel,
Rowe, Vartabedian, and Kopczak 2012).
ISEC professionals use programming and interactives to
provide opportunities that combine content with a variety of
scientific inquiry (SI) skills. NSES Content Standards (National
Research Council 2000) define comfort with SI practice as
the ability to:
• Ask a question about objects, organisms, and events in
the environment.
• Plan and conduct a simple investigation.

•
•
•

Employ simple equipment and tools to gather data and
extend the senses.
Use data to construct a reasonable explanation.
Communicate investigations and explanations.

When students and visitors apply these skills, they are
demonstrating a critical learning progression toward higher
level reasoning, a complex skill that leads to informed
decision making (Feder et al. 2009). Research indicates
that there are ample opportunities for deeper-level science
learning, inquiry-based activities, and discussions in informal
science education centers, yet little research has been
done to increase scientific literacy at live animal exhibits
(Rowe and Kisiel 2012). The need exists for these types of
complementary learning goals to be established in informal
learning environments, if ISECs are to have a meaningful
contribution to a STEM Ecosystem.

TABLE 1. Touch Tank Exhibit Goals and Understandings From Visitor/Exhibit Interactions
EXHIBIT GOALS

VISITORS MAY BE ABLE TO UNDERSTAND:

Invite observation, exploration, touching, and interaction
with intertidal organisms.

A wide variety of organisms live in the rocky intertidal
ecosystem. The touch tank exhibit is a simulated tide pool
that are similar to those outside the building and throughout
the Gulf of Maine.

Touch tank discussion prompt signage is used to combine
hands-on touching/exploration with thought-provoking
discussion and investigation starters.

The touch tank is stocked with living algae and marine invertebrates. These organisms are adapted to life underwater and
must be handled gently. These organisms have different adaptations, which can be observed, compared, and investigated to
consider and answer questions about their feeding, defensive,
behavioral, and survival characteristics.

Facilitate fun, novel, hands-on investigations to build visitors’
confidence as science learners and practitioners.

Touch tank tools can be used to help deepen investigations.

TABLE 2. Touch Tank Exhibit Goals and Understandings From Educator-facilitated Visitor/Exhibit Interactions
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WITH FACILITATION, VISITORS MAY BE ABLE TO:

EDUCATOR OBJECTIVES:

Compare and contrast feeding, defense, and
motility adaptations.

To evoke scientific curiosity and empower visitors to see
themselves as scientists.

Employ simple equipment and tools to gather data and
extend the senses (in the touch tank environment).

To model the use of scientific inquiry skills and encourage
visitors to practice them (e.g. observation, question development, claim making, data collection, communication).

Ask a question about objects, organisms, and events
(in the touch tank environment) and use data to construct
reasonable arguments or explanations.

To nurture and facilitate investigations and discussions to
guide understanding of interconnectedness of organisms,
systems, and humans.

See themselves as scientists.

To facilitate first person experiences that build visitor
confidence asking questions and using scientific tools
and processes.
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INFUSING SCIENTIFIC INQUIRY AT INFORMAL
SCIENCE EDUCATION CENTERS: CHALLENGES
AND OPPORTUNITIES
Historically exhibit and program learning goals have focused
on content delivery and exposure to new ideas, primarily
due to limits around the quality and length of visitor contact
time, and varied visitation motivations (Falk and Adelman
2003; Schwan, Grajal, and Lewalter 2014). While knowledge
and awareness gains are beneficial and worthy of our efforts,
such learning goals do not develop the critical thinking or
scientific inquiry skills and practices that lead to synthesis
for informed decision making. ISEC’s have been addressing
national efforts to increase practice and application of
scientific inquiry skills by supplementing content and experiences with educator-led programs and exhibits that provoke
deeper level questioning and inquiry (National Research
Council 2000). Data suggests that there is also the potential
for incorporating these skills and practices at touch tanks,
which can be novel platforms for deepening visitor’s identities as science learners and practitioners (O’Brien, Rowe,
Dierking, and Farley 2014; Rowe and Kisiel 2012). Touch
tank attributes such as lengthy visitor and exhibit contact
time, live animals, hands-on interactions, and the presence
of knowledgeable staff and volunteers, make this an ideal
platform for scientific inquiry. Although previous studies have
demonstrated that learning happens here, research does not
indicate evidence of explicit or outlined learning goals for
these popular live animal exhibits (Kisiel et al. 2012).

ASSESSING EXHIBITS FOR THE POTENTIAL OF
SCIENTIFIC INQUIRY
Objective internal assessments of popular exhibits, or those
with high visitor dwell times, can help ISEC’s determine if the
opportunity, capacity, or interest exists to thoughtfully integrate SI into the platform in question. Staff at the Seacoast
Science Center, in Rye, New Hampshire, recently explored
options for SI integration at their popular touch tank exhibit,
in the summer of 2017. A small marine science education
center situated on the rocky coast of New Hampshire, the
Center offers many tanks and exhibits showcasing Gulf of
Maine species. The highlight at this location is the 250-gallon
touch tank. To better assess visitor interest and openness to
SI integration at the touch tank, education and exhibit staff
formed an advisory group with learning scientists from the
University of New Hampshire, to identify the following:
• visitor usage at the tank;
• current educator and interpretive practices at the tank;
• desired visitor outcomes and exhibit learning goals for
current and re-envisioned tank; and
• financial and personnel resources available for renovation.

Children Explore the New Inquiry-based
Touch Tank Exhibit with a Center Volunteer

A volunteer interacts with children at the touch tank
exhibit. Courtesy of the Seacoast Science Center ©2018
Visitor/Exhibit Interaction: Three children and two adults
approach a 250-gallon touch tank at a marine science center.
The children, ages 5, 6, and 8, scan the tank and exclaim
their excitement. The adults scan the signage and pocket
their phones. The children wash their hands, then begin
assessing their options and reach into the tank. A volunteer
welcomes them to the indoor tide pool and begins asking
gentle questions and framing the experience:
Question: This indoor tide pool has animals and seaweeds
just like you would see in the tide pools right out this window.
Have you guys ever been out tide pooling before?
Visitor/Exhibit Interaction: As the children share their
prior knowledge and experiences with the volunteer and
begin asking questions about the organisms, the adults are
reading the question prompts on the signs.
Question: Emma, did you read this sign: It says, ‘Look
Closely, use your magnifying glass to find the tiny, hidden
features of our tide pool creatures.’ How fun!
Visitor/Exhibit Interaction: The volunteer points to the
Touch Tank Tools bench and invites Emma and her friends
to grab a magnifying glass, or to try one of the magnifying
sheets that can be immersed under water. Emma’s younger
brother grabs two sheets and a wet ruler and drops them in
the water. The volunteer reaches in for the tools:
Question: I see you found two different tools for exploring.
We can look closely at things with this one, and we can
measure how long something is with this one. I wonder
what we should examine. Do you or your friends have any
good ideas?

15
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FIGURE 1. Touch tank discussion prompt signage is mounted directly in the touch tank. Courtesy of Kate Leavitt ©2018

REDESIGNING THE TOUCH TANK

touch tank exhibit: one with educator-facilitated tank interpretation and another with exhibit signage only. To achieve
the desired learning goals, we developed exhibit signage
and exhibit interactives (scientific tools) to complement the
existing tank. The goal of the signs was to provide inquiry
prompts that would:
• Spark conversation and curiosity.
• Invite participants to try the touch tank tools (magnifying
glasses, magnifying sheets, calipers, wet rulers, stopwatch,
dive slate/pencil).
• Allow visitors to engage at will, with prompts that interest
them, or not at all.
• Deepen visitor engagement, conversation, and learning at
the touch tank.
• Promote the use of scientific inquiry skills and practices.
• Provide caregivers with language and information to help
deepen learning and conversation.

Informed by our assessments, the team began the redesign
process by defining exhibit learning goals, a process that
was similar to how we define goals and learning objectives
for a lesson. Tables 1 and 2 show the two new sets of
desired outcomes for visitor interactions at the renovated

The new signage was developed and mounted directly in the
touch tank. Double-sided signs with species identifications
and inquiry prompts were designed to spark observation,
exploration, and discussion (Figure 1).

In-house observations, needs assessments, and surveys
captured the perspectives of education staff and visitors.
The results helped uncover ways that visitors were using
and perceiving the exhibit purpose and benefits, and
how this aligned with the education staff’s learning goals.
Center staff knew they wanted to utilize the touch tank as
a fun and novel platform for marine science and SI. The
evaluations and assessments helped to inform an exhibit
renovation plan that weighed SI potential against visitor
interest and other informal education challenges, such as
high visitor volume and age and development disparities.
The development of a live-animal exhibit interpretation plan
that was co-developed by the education and exhibit teams
and informed by visitor and staff surveys was profoundly
critical to the success of this renovation.

16
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The prompts (Figure 2) are interchangeable so that educators staffing the tank may display the prompts they feel most
comfortable with while they are working. By selecting the
signage, educators are empowered to guide visitor interactions that they feel most confident facilitating. In addition to
promoting discussion and exploration, the inquiry prompt
signs direct visitors to the Touch Tank Tool Bench (Figure 3),
stocked with scientific tools which visitors are encouraged to
use in their touch tank explorations:
• Small quadrats (8 by 8 inches)
• Submersible magnifying sheets
• Wet rulers
• Dive slates/pencils
• Magnifying glasses
• Stop watch
• Laminated data sheets and markers
• Child-safe calipers

ADDITIONAL REMARKS
This case study shares the story of how a popular touch
tank exhibit evolved into a hands-on platform for scientific inquiry, marine science, and discovery. Prior to these
changes, a dwell time study revealed that visitors were
spending over six times as much time at our touch tank
than at any other exhibit in the building. When the dwell
time numbers were coupled with observations of positive,
engaging visitor touch tank experiences, we were prompted
to question our approach:
Were we recognizing the exhibit’s full potential as a
learning platform? If the opportunity for more exists,
what do we want to provide?
Internal exhibit assessments revealed important information about our visitors’ motivations and interests, and SSC
staff’s teaching challenges relative to touch tank learning
goals. The new touch tank inquiry prompts and tools met
the learning goals and scaffolding challenges presented by
staff, while still meeting visitor needs and interests. Visitors
and groups are now able to select their entry-points for
learning. They can determine their own investigations based
on personal knowledge or experience, current interests,
and time constraints. The prompts provide parents and
caregivers the tools they need to guide and deepen conversation. Parents and caregivers, although armed with some
knowledge of their children’s prior experiences, may not
always know what types of questions to ask to link these to
the contents of an exhibit. These prompts can help facilitate
that connection.

FIGURE 2. Inquiry prompt signs at new touch tank exhibit.
Courtesy of Seacoast Science Center ©2018

FIGURE 3. Inquiry tool bench at the newly renovated touch
tank. Courtesy of Seacoast Science Center ©2018
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Observations and assessments suggested that the touch tank
had the potential to be a powerful platform for building visitor
confidence and understanding through using the principles
of scientific inquiry. By collecting data, making observations,
and asking questions, participants are given the opportunity
to become more comfortable with scientific tools and, more
importantly, to interact with a simulated intertidal environment in a different and deeper way. As deeper learning
opportunities are offered and utilized, and visitor confidence
increases, we predict that visitor questions will be less about
species names and facts, and more about how species
behave and interact with their environment. Now that the
exhibit is open, evaluation is underway to measure accomplishment of learning goals and intended outcomes.

Kisiel, J., S. Rowe, M. A. Vartabedian, and C. Kopczak. (2012).
Evidence for family engagement in scientific reasoning
at interactive animal exhibits. Science Education, 96(6):
1047-1070.

We hope this case study will inspire readers to consider the
potential that exists to infuse scientific inquiry and deepen
visitor engagement at their own institutions and learning environments. ISECs play a crucial role in the STEM Ecosystem,
offering fun, novel, and self-directed learning opportunities. It
is incumbent on us to leverage these experiences by infusing
them with meaningful inquiry activities and practices whenever possible. As educators and exhibit designers, we can
provide these opportunities through encouraging visitors to
design their own inquiry investigations, participate in experimentation, and grow their confidence in scientific inquiry.

Rowe, S., and J. Kisiel. (2012). Family engagement at
aquarium touch tanks—exploring interactions and the
potential for learning. In: Understanding Interactions at
Science Centers and Museums, 63-77. SensePublishers.
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Microplastics: Making the Invisible Visible
BY INKE FALKNER, PH.D., JANE THEAU, ALANA ROONEY, AND JACKIE SLAVIERO

ABSTRACT
Mounting scientific evidence suggests that the impacts of
plastic, polluting the environment, are manyfold and serious.
Consequently, worldwide, there are numerous excellent
programs that engage children to participate actively in
combatting this persistent environmental problem. Here,
we present the program Living a Life Less Plastic, which we
developed for Australian primary school students in Years five
and six (US grades fifth and sixth). The program combines
creative arts activities with a real-life scientific investigation
on microplastics in beach sand, with the aim to encourage
children to apply their creativity and critical thinking in the
fight against a world choking by plastic.

The Living a Life Less Plastic school program started when
Jane Théau, an artist with a background in scientific research,
gave a lesson to her son’s Year six class on plastic pollution. It
comprised an introduction explaining the history and science
of plastic and its impacts on the environment, a screening of
a satirical video on the life of a plastic bag, and an art class
based on what had been learned. The lesson generated a
lot of interest and other teachers requested the materials
for their classes. An excursion to the local beach was also
arranged to collect data on plastic debris as part of the
Teachwild education program, giving Australian school children the opportunity to be citizen scientists, and contribute
real data to the CSIRO’s National Marine Debris Survey. (See
Resources for more information on the Teachwild program.)

INTRODUCTION
Plastic pollution is one of the great environmental challenges of our time. The figures are staggering: more than
five trillion plastic pieces are estimated to currently float in
the world’s ocean with six to eight million tonnes of plastic
entering the ocean every year (Eriksen et al. 2014; Jenna et
al. 2015). An estimated 80% of all seabirds have plastic in
their stomach at present, which is due to increase to 99%
by 2050 (Wilcox et al. 2015), and most recently researchers
found microplastics in sea salt (Karami et al. 2017) and tap
water collected from around the world. Most children these
days sadly have heard of the great garbage patches in the
ocean and have an understanding about the enormous size
of these patches (Lebreton et al. 2018). Many children also
understand that plastic is not biodegradable, meaning it is
not digested by living organisms into soil and other natural
elements. However, fewer children are familiar with the
concept and the impacts of microplastic pollution. Invisible
to the naked eye, microplastics pose a hidden threat. Our
microplastic experiment for Year five and six students in
Australia (US grades fifth and sixth) aims to demonstrate the
abundance of these tiny plastic particles in the environment.
Investigating and detecting microplastics firsthand allows the
children (10-12 years old) to draw their own conclusions
about the scale of the problem and makes its hidden nature
more tangible for children. We first included the microplastic
experiment in a four-week sustainability program for Year
five and six students called, Living a Life Less Plastic. We also
incorporated it into a teaching resource on beach ecology
called, Beach Detectives.

Concurrently, Inke Falkner, marine scientist and outreach
coordinator from the Sydney Institute of Marine Science, was
designing experiments to educate children on the impacts
of plastic pollution in the marine environment. Théau and
Falkner joined forces to create an enhanced program incorporating five separate sessions addressing several areas of
the New South Wales Education Department Year five and six
curriculum (Table 1). When discussing the implementation of
the program with schools, teachers were also encouraged to
become partners by using the theme of plastic to augment
other curriculum areas, including English, mathematics, and
public speaking.
The program currently runs over a four- to five-week period,
covering one program lesson per week. This arrangement
seems to work best with the teachers’ schedules. However, the
program could also be conducted as an intensive one-week
program, where the field trip and microplastic experiment are
combined in one longer session, for example. Alternatively,
the field trip could be conducted before the introduction in
the classroom, so the children actively investigate the plastic
pollution on the beach first before they learn about plastic
and its history in the classroom.

CREATIVE COMPONENT
The aim of the creative component of the program is to
heighten the students’ awareness of the scale and impact of
plastic consumption. There are two main activities employed.
article continued on page 21
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TABLE 1. Overview of the program content, the curriculum areas covered in each lessons, and the time allocated for each lesson.
Lesson

Content

Curriculum Areas

Time Allocated

Introduction

History of plastic
production: discovery,
manufacture, uses,
economic benefit, societal
benefit, environmental
impacts, and limits to
recycling. Case studies
on container deposit and
plastic bag legislation.

History and Society:
global interconnectedness,
human environmental interaction, government policy,
decision-making processes

1.5 hours

Creative Component

Using plastic waste, the
children create art works
that emphasize the impact
of plastic debris.

Visual Art: making
art works informed by
student’s investigation
of the world as subject
matter; consideration of
audience; literacy of signs
and symbols

2 hours

Field Trip

Excursion to beach: learn
how to mark out transects,
collect and tally plastic debris,
and collect sand samples
for microplastic analysis.

Science: interaction
between living things and
ecosystems; human impact
on the environment; scientific method

1.5 hours onsite
+ travel time to site

Science: basic chemistry of
plastic, biodegradation

Mathematics: measurement; data collection,
organization and interpretation; use of tables/graphs
Science Experiment
and ‘Call to Action’

Microplastic extraction from
beach sand.
Filter-feeding
demonstration.
Brainstorming ideas on how
to tackle plastic pollution
and ‘call to action’.

Conclusion
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Recap of what has been
learned. Children present
a speech, poem, piece of
prose, letter of activism, or
video that they have made
in the preceding weeks, on
an aspect of the impact of
plastic pollution.

Science: scientific
method; use of technology
(microscopes)

2 hours

Mathematics: measurement; data collection,
organization and interpretation; use of tables/graphs
English: persuasive writing;
creative writing; public
speaking skills

1.5 hours
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continued from page 19

In the first activity, the children are asked to bring in plastic
shopping bags (not lightweight ones) they have at home.
The bags are cut into similar sized squares, which are sewn
together to create a quilt, either by hand or, ideally, using
sewing machines volunteered by parents. A class of 30 children quickly creates a very large quilt—our first quilt covered
28 m2. This quilt was hung from a second-floor balcony facing
the school quadrangle and was a highly visible and colorful
demonstration of the mass of plastic in our environment.
In the second activity, the children are again asked to bring in
plastic bag along with the square plastic ties that are used to
close plastic bags with food. The bags are then cut into large
circles. The students pinch the center of the circle and push it
through the bread tie, creating a flower form with a bamboo
skewer that is used to pierce through the base of the flower.
Each flower represents a sea turtle, dolphin, fish, or bird that
has died from ingestion of or entanglement in plastic bags.
When the children go to the beach the following week for
their field work, the flowers are placed in the sand while they
are there, thus, creating a memorial garden. The flowers are
subsequently planted again in the school garden, precipitating discussion in the rest of the school.

Once these artworks are installed within the school, one of
the students can be chosen to speak in front of the school
assembly, explaining the meaning of the installations and
what they have learned in the program.
These creative activities elicited an enthusiastic response
from the children. However, it is important that the resulting
impression is not that plastic can be made beautiful, but
that plastic is made into objects that demonstrate the overwhelming proliferation of plastic (activity 1) and the negative
impact of plastic on the environment (activity 2).

FIELD TRIP
Since we are located on the coast in Sydney, Australia, we
have been using beach sand to conduct the microplastic
experiment. However, the experiment could be carried out
using other materials collected in the environment such as
river sand and soil (as long as the organic matter content is
not too high). (Note that organic matter, when floating in the
saline solution, may interfere with the microplastic particles
and a pre-filtration of the solution might be needed before
separating the microplastics.)

Children constructing a quilt made of plastic bags. Courtesy of Jane Théau
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Children conduct their own fieldwork, including a plastic survey and collection of sand samples for the microplastic extraction later in
the classroom. Courtesy of Inke Falkner
If possible, students collect their own sand samples. This
allows the children to explore the environment, potential
sources of plastic pollution, and mode of distribution. At the
beach, the students examine and discuss where rubbish
found on the beach may come from. Has it drifted with
currents and tides onto the beach, is it litter dropped by
beachgoers, or was it washed onto the beach in a freshwater creek entering the beach? Is it a busy beach and are
there rubbish bins provided? Are there recycling bins? At this
point, the students can also conduct a survey and collect the
rubbish found on the beach. This opens up more discussion
as to what types of rubbish were found and its previous uses.
The sand samples are collected in a scientific fashion along
a transect line, which follows the tidal high watermark on
the beach, also called the wrack line. Before the students
set out to collect the samples, the importance of replication
and standardization in science are discussed. Why do we
use a transect line and a quadrate to collect the samples?
The students are then divided into small groups and are
instructed to collect sand for further analysis. The students
collect two replicates at set points along the transect line;
for example, every 5 or 10m, using a pre-made quadrate,
spoon, and re-usable plastic bags. Back in the classroom, the
students are always surprised and amazed to see how the
samples differ in size despite the standardized sampling.
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MICROPLASTIC EXPERIMENT
The separation of microplastic particles from sand is
based on the physical principle that plastic is light and
floats, while sand is dense and sinks in water. We designed
this experiment in consultation with researchers working
on microplastic pollution and devised simple and cheap
tools to conduct the experiment using recyclable beverage
containers, paper coffee filters, and a saline solution made
of table salt dissolved in tap water.
The experiment is conducted in steps with clear instructions
given before each step so all students can follow along. First,
students mix the saline solution and sand to separate the
microplastic particles. They do this by stirring the mixture
vigorously before setting it aside for a few minutes to allow
the microplastic to float to the surface of the solution. This is
a good time to introduce the various sources of microplastics,
and what these tiny plastic particles can look like.
The next step involves pouring the saline solution through
a filter. We found that paper coffee filters work very well in
retaining microplastics. Once the water is filtered, the inside
of the paper filters can be opened and inspected under a
microscope by gently pulling the seam of the filter apart. The
students have enjoyed getting to know a light microscope
and inspecting the filter paper during this part of the lesson.
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There is always great excitement when students start to
find microplastic particles. In our experience, fibers are by
far the most abundant microplastic items in sand samples
along Sydney’s beaches. The students find them in almost
all samples, which illustrates the scale of the problem.

FILTER-FEEDING DEMONSTRATION
Following the experiment, students question why the issue
of microplastic pollution matters to them or the environment.
Who cares if there are microplastics on the sea floor or on
the beach? A demonstration of filter feeding in oysters; for
example, greatly helps in answering these question. In this
demonstration, students can witness live how tiny particles,
in this case carmine dye, is filtered and accumulated by the
filter-feeding oyster. This experiment could also be used with
other filter-feeding and sediment-eating organisms found at
the base of the food web.

Concentrated and vigorous stirring of the sand-saline solution
mix allows the microplastic particles to be ‘released’ into the
saline solution. Courtesy of Inke Falkner

CALL TO ACTION
After watching the filter-feeding demonstration and
discussing the impacts of microplastics on marine organisms,
the students are shown an image of plant pots made from
recycled plastic containers. In this context the ‘Three R’s’
are discussed: what are the opportunities and challenges of
‘Reducing, Reusing, Recycling’ plastic? Each student pledges
to make a change or adopt a habit to reduce plastic waste.
Many children also rally their parents to stop using singleuse plastic bags and unnecessary packaging, or ask to have
their lunches packed in lunch boxes or paper bags instead
of plastic wrapping.
Some schools have also implemented plastic-free lunches
or changed their recycling systems to encourage students
to bring re-usable water bottles. One class hosted a fashion
parade at their school, where the children showcased
handbags that they had made from plastic waste, to raise
awareness. Another class of students handed out self-made
leaflets to local café customers and urged them to use
re-usable take-away cups.

One of the highlights of the experiment is the use of a mini
microscope. The students practice first how to use the microscope before they search for microplastic particles on the filter
paper. Courtesy of Inke Falkner

It is encouraging to see how the students take ownership
and develop an activity that has a direct impact on their local
environment. The students feel empowered when they take
action and find their own solutions.
The Living a Life Less Plastic program worked most effectively when the teachers became partners in the project
and incorporated the theme into other aspects of the term’s
lesson plan.

Examples of microplastic fibers found in the beach sand. Fibers
have been the most abundant microplastic component found in
the sand samples. Courtesy of Inke Falkner
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STEM education has become a focus worldwide. The Living a
Life Less Plastic program and the Beach Detectives teaching
resource are not just STEM programs—they can be set up
as citizen science programs with a STEM focus that actively
engage the whole community. The data collected by school
children could form a benchmark for microplastic presence
in our environment.
Learning by doing, active participation, and understanding
the scientific process are the keys to developing critical and
creative thinkers. By working together, students from all over
Australia and globally could take part in a very exciting project
that has positive outcomes for all.
If you would like to receive the step-by-step instructions for
the microplastic experiment, please contact Alana Rooney at
the Sydney Institute of Marine Science.

RESOURCES
The following videos and films about plastic pollution can be
shown in the classroom:
• http://www.youtube.com/watch?v= GLgh9h2ePYw
• http://storyofstuff.org/movies/story-of-bottled-water/
• http://www.plasticoceans.net/
• http://www.midwayfilm.com
General information about plastic pollution:
• http://marinedebris.noaa.gov
• www.jenniferlavers.org
• http://plasticbank.org
• http://5gyres.org
Teachwild program information:
• https://research.csiro.au/marinedebris/projects/
teach-wild/
• https://www.youtube.com/watch?v=rp4GIn4F7Lw
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Values at the Land-Sea Interface:
Mapping Ecosystem Services in the
Coastal Environment
LISA M. WEDDING, PH.D., SARAH M. REITER, M.SC./J.D., GREGORY M. VERUTES, M.SC., ERIC HARTGE, M.SC.,
GREG GUANNEL, PH.D., AND LAURA H. GOOD, PH.D.

ABSTRACT
While climate impacts are increasing (e.g., rising seas,
increasing storm damage) so too is the desire to protect
natural systems and capitalize on their protective benefits
and other services. Linking ecosystem services science
through mapping efforts can help students learn methods
for including the value of nature in climate adaptation decisions. This hands-on lab activity was developed to introduce
students to the theory and application of ecosystem service
valuation and mapping at the land-sea interface. By working
with case study data from British Columbia, students learn to
apply ecosystem service concepts and easy-to-use, opensource software to answer engaging questions within a
real-world policy and planning context.

DEVELOPMENT OF AN ECOSYSTEM SERVICE
MAPPING ACTIVITY
Ecosystem Services are the stream of vital benefits flowing
from natural capital to people. Examples of service flows
that are vital to humanity include the production of goods
(e.g., food from fisheries that depend on nursery habitat)
and services (e.g., coastal protection from dune or wetland
habitats). Coastal habitats provide one of many ecosystem
services by reducing impacts from storms and increase resilience in coastal areas. However, with ever increasing human
pressure on ecosystems, we need ways to identify, map, and
place value on where natural habitats provide the greatest
benefits to coastal communities in order to prioritize adaptation planning efforts that protect or restore those critical
natural habitats. To support decision-makers in their efforts to

The dune habitat surrounding Doran Beach in Sonoma County provides the ecosystem service of coastal protection. Courtesy of Eric Hartge
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manage coastal resources in a changing climate, the Natural
Capital Project and the Stanford Center for Ocean Solutions
have engaged in several case studies to embed ecosystem
service science in practice (Verutes and Rosenthal 2014;
Langridge et al. 2014; Reiter et al. 2015; Wedding et al.
2016). We developed this lab to foster skills-based learning
in a cross-cutting exercise that provides learning outcomes
with both scientific methods and policy implications.
We developed this lab for a graduate level course at the
University of California at Santa Barbara (UCSB) during
Fall 2015. The Bren School at UCSB emphasizes in their
mission statement the importance of understanding environmental issues and solutions by exposing students to the
theoretical and analytical approaches of several disciplines. To
support the training of research scientists and environmentalmanagement professionals, the Bren School invited us to
co-create a new and unique curriculum in support of their
mission (ESM 296-4F: Advanced Special Topics in Geographic
Information Systems). This lab was later adapted for a
graduate-level marine geography course at San Francisco State
University during Fall 2016. This activity demonstrates both the
challenge of integrating ecosystem service assessment and
mapping, and the opportunity to place value on our natural
habitat in a real-world planning context. Students will learn
how coastal planning decisions can have alternative outcomes
for people and the environment. The activity, detailed here, is
highly transferrable to a variety of audiences, both student and
professional, and opens the opportunity to engage students
in some of the more human-related Ocean Literacy Principles
and fundamental concepts (listing follows).

ACTIVITY:

Coastal Vulnerability Modeling
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In this lab, we will use InVEST (Integrated Valuation of
Environmental Services and Tradeoffs) Coastal Vulnerability
Model, which is a suite of software models created by the
Natural Capital Project used to map and value the goods and
services from natural capital (e.g., earth’s lands, waters, and
their biodiversity). InVEST is a free and open-source suite of
software models that are spatially-explicit. Students will work
within a decision context in British Columbia to assess where
investments in habitat conservation and restoration will be
most effective for reducing risk of coastal communities and
properties to sea-level rise and storms. Using InVEST in an
iterative process, students will create new scenarios based
on the information revealed by the models until suitable
solutions are identified (e.g., under varying sea-level rise
scenarios and planning time horizons).

OVERVIEW
This exercise will guide students through coastal vulnerability
modeling on the west coast of Vancouver Island (WCVI) as a
case study location. Students will examine the role of habitat
in providing protection from coastal hazards and learn how
to place value on their protective benefits. A scenario-based
exercise will call on students to create a coastal vulnerability
map for different planning and time horizons. Ultimately,
students will be able to role play the engagement of coastal
managers with this information to support the assessment of
hazard risk to people, property, and infrastructure in British
Columbia. Students work in groups to explore and communicate impacts associated with climate change under three
time horizons. By empowering emerging ocean leaders with
the skills to engage decision-makers about these challenges
associated with climate impacts, students will apply the
scientific and policy principles. To culminate, students will be
asked to reflect on their experience of applying best available
science to a management context.

BACKGROUND

TOPIC

Extreme weather, sea-level rise, and degraded coastal ecosystems are placing people and property at greater risk of damage
from coastal hazards. Marine and coastal habitats work as
buffers from storms and floods, reducing the need and investment costs in types of ‘hard’ shore protection such as riprap,
levees, and bulkheads. Coastal habitats include oyster reefs,
coral reefs, marshes, dunes, seagrass, and kelp forests. These
habitats all play different roles in reducing risk from coastal
hazards as well as providing many other auxiliary benefits,
such as carbon sequestration, opportunities for recreation,
and nursery habitat for fisheries. In order to place value on the
goods and services from natural coastal habitats—and thus
evaluate the benefits from ecosystem services—we can map
the location of both habitat and human population.

Environmental Studies—Climate Change Adaptation
Coastal hazards
Coastal management
Geographic Information Systems (GIS)

LEVEL
Community college, undergraduate or graduate students in
environmental/marine sciences, resource management, or
policy. Could also be adapted for high school earth science,
grades 11-12, including AP classes.
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Students learning how to map and place value on coastal habitat during a coastal vulnerability lab. Courtesy of Chris Anderson

ALIGNMENT WITH OCEAN LITERACY PRINCIPLES
1. The Earth has one big ocean with many features:
Fundamental concept h.
5. The ocean supports a great diversity of life and
ecosystem: Fundamental concept h.
6. The ocean and humans are inextricably interconnected:
Fundamental concepts b, d, f, g
7. The ocean is largely unexplored: Fundament concepts b,
c, d, e, f (Ocean Literacy, 2013)

•
•

TEACHING OBJECTIVES
•
•

CLASS SIZE

•

Designed for ~15-20 students, 4-5 groups of 3-4 students,
depending on number of instructors and teaching assistants.

•

FOCUS QUESTIONS

•

•
•
•

What are the natural habitats that provide an ecosystem
service of coastal protection?
Where is the coast most exposed to hazards associated
with impacts from climate change?
Where is the risk reduction provided by coastal
habitats greatest?

How does coastal exposure change under different
planning horizons and sea-level rise scenarios?
How would you best convey this information to a
coastal manager?

Encourage student interest and awareness in the role,
and impact of climate change in preparedness planning
Increase student understanding of how science and
policy interact in coastal management
Raise student awareness of GIS and spatial approaches
to environmental decision making
Increase student knowledge regarding scenario-based
approaches to management
Increase student awareness of the complexity of
environmental problem solving and coastal management
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Surfer’s Beach in San Mateo County is one of many examples that portray active coastal adaptation decision
making that impacts our relationship with the coastline. Courtesy of Eric Hartge.

ADVERTISE in Current!
Current: The Journal of Marine Education is the only professional, peer-reviewed digital
and printed journal for marine educators at all levels. Promote your organization’s products,
programs, books, new media, and other resources by advertising in Current, the journal of the
National Marine Educators Association (NMEA). Share your group’s message with a targeted,
niche audience of marine educators across the country and overseas.
To learn more about advertising in Current, please visit our ad rates sheet or contact the editors at
current@natlmarineed.org for more details.
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LEARNING OBJECTIVES
Upon successful completion of this exercise, students will
be able to:
• Define ecosystem service assessment and natural capital
• Demonstrate a proficiency in using a spatial analysis tool
such as InVEST
• Develop spatial questions and map products to address
management problems
• Engage in role play with small groups to practice collaborative decision making

In addition, students should read Coastal habitats shield
people and property from sea-level rise and storms. Arkema,
Katie K.; Greg Guannel; Gregory Verutes; Spencer A. Wood;
Anne Guerry; Mary Ruckelshaus; Peter Kareiva; Martin
Lacayo; Jessica M. Silver. Nature Climate Change. October
2013, Vol 3, pp 913-918.
Recommended time allotment: 20 minutes

All teaching materials can be downloaded from:
https://oceansolutions.stanford.edu/
lesson-plan-and-materials-coastal-vulnerability-modeling

2. When class begins, introduce the activity and goals.
Explain to students they will be working towards
answering the following questions:
• What are the natural habitats that provide an
ecosystem service of coastal protection?
• Where is the coast most exposed to hazards
associated with impacts from climate change?
• Where is the risk reduction provided by coastal
habitats greatest?
• How does coastal exposure change under different
planning horizons and sea-level rise scenarios?
• How would you best convey this information to a
coastal manager?

TEACHING TIME

Recommended time allotment: 10 minutes

MATERIALS
A.
B.
C.
D.
E.
F.

•

Ecosystem Service Mapping Presentation & Script
InVEST software
Exercise data sets
Computers with access to internet
GIS software, if available but not mandatory
Reflection Exercise

2–3 hours

ACTIVITY ARRANGEMENT
•

•

Classroom arranged into table clusters or u-shape
format to encourage student-centered discussion and
group collaboration.
Students are assigned to small breakout groups for lab
exercise and discussion. Breakout groups should contain
no more than four students.

KEYWORDS
Ecosystem services, natural capital, coastal habitat,
climate adaptation planning, ocean/coastal management,
geographic information systems (GIS), spatial approach,
ecosystem service mapping, climate change, environmental
decision making.

PROCEDURE
Engage
1. Prior to class, students should watch a Stanford Center for
Ocean Solutions 5 minute video on Series of Solutions.
This is the first episode of the four-part Series of Solutions
that highlights the valuable role that nature provides in
protecting coastal communities; and follows the story of
an intern as she discovers how her ecology background
can directly inform coastal policy.

3. Start class in one of two ways, by 1.) having students
listen to ecosystem service assessment presentation
by instructor; or 2.) encouraging students to review the
presentation and notes in groups and summarizing the
key points.
Recommended time allotment: 20 minutes.

Explore and Explain
4. As a class, and using students’ notes from the presentation, break students into small groups and have them
work through the lab materials together.
“You have been tasked by a coastal management agency
to assess where investments in habitat conservation
and restoration will be most effective for reducing risk
of coastal communities and properties to storms and
sea-level rise. Use results from the InVEST Coastal
vulnerability model to answer the questions below.”
1. Along the west coast of Vancouver Island, where are
the most exposed areas to coastal hazards? (Hint: this
is just biophysical exposure and does not include social
vulnerability.)
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2. Where is the risk reduction provided by coastal
habitats greatest? This will be supported by visualizing
1.) a coastal exposure map with the presence of habitats;
and 2.) a coastal exposure map without habitats.

CONNECTIONS TO OTHER SUBJECTS
•
•

Environmental law and policy
Geography

ADDITIONAL RESOURCES
3. Where would habitat restoration lead to the greatest
risk reduction?

•
•
•

www.naturalcapital.org
www.esri.com/
http://coastalresilience.org/

Recommended time allotment: 60 minutes

Synthesis and Reflection
Lead a synthesis of the findings and reflection on being placed
in a coastal management position and applying science to a
real-world context using questions from the reflection exercise.
Discuss overlapping challenges linking ecosystem service
mapping and assessment within a policy context.
5. Have each group work through the reflection questions
below and prepare to present to the class (may be
useful to use white board/flip charts/post it notes).
Groups will describe their reflections in the context of
the following questions:
1. What did you learn about coastal vulnerability
analysis?
2. What did you learn about the role of coastal habitat
on the west coast of Vancouver Island?
3. Was the coastal exposure map sufficient for deciding
the best location(s) for habitat restoration?
4. How did your group come to consensus on the
priority areas for habitat restoration?
5. What coastal location would you apply this analytical
approach to in the future?
Recommended time allotment: 30 minutes

ASSESSMENT OPPORTUNITIES
The reflection exercise can serve as an assessment of
whether the lab activity met the learning objectives overall.
An individual written reflection could be added post-class
to provide further insight in to individual progress.
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EXTENSION ACTIVITIES
Have students research the natural habitats in their local area
and consider the ecosystem services these provide. Students
could also review the coastal resilience approach to mapping
and climate adaptation planning on http://coastalresilience.
org/ with a focus on their local area.
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Ocean Literacy: The Essential Principles and Fundamental
Concepts of Ocean Sciences for Learners of All Ages
Version 2 (a brochure resulting from the two-week online
workshop on Ocean Literacy through Science Standards).
Published by National Oceanic and Atmospheric
Administration, June 2005 and revised March 2013.
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NEW BOOKS AND MEDIA
Dive Deeper into the Gulf Oil
Spill and Find Out What We
Have Learned
The Deepwater Horizon oil spill in the Gulf of
Mexico is recognized as the worst oil spill in U.S.
history. Over eight years later, researchers are still
exploring its effect on the people, places, and
species of the Gulf.
The Smithsonian Ocean Portal website was launched in early 2010 as a part of the National Museum of Natural
History Ocean Initiative. The Ocean Portal reaches over 2 million visitors each year with articles on cutting edge
ocean science and in-depth pages about ecosystems, species, and conservation issues.
One popular part of the site is the Gulf Oil Spill page that informs readers about the Deepwater Horizon oil spill and
its impacts. The page features research from the Gulf of Mexico Research Initiative (GoMRI) which was formed as a
10-year independent research program to study the impacts of the spill on the environment and public health. An
ongoing collaboration between the Ocean Portal and GoMRI brings this up-to-date research to students, teachers,
and the public. Learn more here.
Send review copies and news about books, videos, apps, and other new media to the Current Editor at current@natlmarineed.org.

SHARE YOUR IDEAS, LESSONS, or
RESEARCH in Marine Education!
The editors of Current: The Journal of Marine Education
are seeking articles for upcoming general issues. We hope
to review and publish articles on topics related to marine
education. We seek original manuscripts that describe
research, lessons, resources, or strategies for teaching
marine and aquatic lessons to a variety of audiences,
including science, art, literature, and maritime history.
Please submit manuscripts to the Editors of the journal
at current@natlmarineed.org for consideration. The
deadline for submitting articles for consideration in the
Fall/Winter general issue is September 17, 2018.
For information on submitting articles to Current, please
visit our Guide for contributors.
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JOIN NMEA
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.

2019 National Marine
Educators Association
Conference: Save the Date!
JULY 21-25 • UNIVERSITY OF NEW HAMPSHIRE • DURHAM, NH

The National Marine Educators Association holds an annual
conference that brings together informal marine educators,
classroom teachers, university professors, and researchers.
Participants come from all over the world to share knowledge and resources. Each year, a different local chapter has
the opportunity to showcase their region. GOMMEA will be
hosting the 2019 National Marine Educators Conference along
the Seacoast at the University of New Hampshire. Visit the
GOMMEA website or the NMEA website for call for paper,
registration, and other conference deadlines.
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