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Introduction 
Beginning in the 1970s, staghorn coral populations have declined in large 
abundances along the Florida Reef Tract and throughout the Caribbean. 
Cumulative stressors including overfishing (Jackson et al., 2001), coral disease 
and bleaching (Williams & Miller, 2012), and the mass die-off of a keystone 
herbivore species, Diadema antillarum (Lessios, 1988), contributed to this 
decline. As a result, staghorn coral has been listed as “Critically Endangered” on 
the IUCN Red List, “Appendix II” under CITES, and “Threatened” under the ESA. 
Increased distance between remaining wild colonies and a macroalgae 
dominated state impedes success of natural recruitment from sexual reproduction 
(Williams et al., 2008). Restoration efforts combat the decline of staghorn coral 
through a process called 
“outplanting”. After propagating 
corals in offshore nurseries, the 
Coral Restoration Foundation (CRF) 
relocates fragments to reefs. This 
approach has proven to be effective 
in increasing coral populations at 
degraded reef sites (Miller et al., 
2016). Additionally, training youth in 
restoration science techniques is an 
emerging strategy for increasing 
volunteer-based propagation, 
academic engagement, and 
introduction to scientific fields.  
 
Goals 
x� Goal 1: Students successfully 

outplant staghorn coral 
fragments on reef substrate. 

x� Goal 2: Students engage in 
citizen science monitoring and 
data collection of existing 
outplants. Staghorn coral © Jessica Levy 
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x� Goal 3: Students participate in maintenance of offshore coral nurseries. 
x� Goal 4: Safe and responsible dives for all students. 
x� Goal 5: Students continue to engage in marine conservation efforts. 
 
Success Indicators  
x� Indicator 1: Student teams outplant healthy staghorn fragments harvested from 

offshore nurseries on threatened reefs. 
x� Indicator 2: Students use citizen science training to assess status of previously 

outplanted staghorn fragments. 
x� Indicator 3: Students participate safely and effectively in ongoing efforts to 

maintain coral nursery structures and tag harvested coral with genetic 
identification tags. 

x� Indicator 4: Students engage in increased ocean stewardship through 
recycling and reuse. Students also continue participation in marine ecology 
offerings and potentially pursue post-secondary coursework in environmental 
fields.   

  
Project Summary 
Feasibility: Restoration work facilitated by CRF occurs in two standard 
environments: 1) the coral nursery, where corals are suspended underwater on 
floating structures, and 2) degraded reef sites offshore. These various locations 
are found upwards of 4.8 km off the coastline and are only accessible by boat. 
Access to restoration sites can be limited due to the impact of strong winds and 
inclement weather, making conditions unsafe for diving.  
 
The Colorado Coralition project, an environmental stewardship and leadership 
program for middle and high school students, was developed at Polaris 
Expeditionary Learning School, a K-12 public school in northern Colorado’s 
Poudre School District. Polaris uses the EL Education (formerly Expeditionary 
Learning) model to engage students in rigorous real-world learning experiences. 
To extend in-depth learning opportunities beyond the classroom, Polaris 
schedules three project weeks called “Intensives” throughout the school year. 
During Intensives, regular coursework is suspended. Students sign up for field-
based projects that highlight science and technology, the arts, service learning, 
adventure programing, and/or career exploration. Despite this flexibility, training 
youth to participate in coral restoration efforts requires scuba certification from an 
accredited program, rigorous study and interaction with experts, and extensive 
fundraising for chartering commercial dive boats and travel. The Colorado 
Coralition therefore uses all three Intensive weeks to meet these needs: the first 
one involving scuba certification, the second focusing on service learning and 
fundraising, and the third involving the trip to Florida. Students are accepted to 
the Colorado Coralition based on academic performance, character, and 
attendance. Acceptance in the program requires students to take part in all three 
Colorado Coralition offerings throughout the year, in addition to scheduled 
meetings and fundraising events taking place after and outside of school. This 
program was offered to Polaris students during the 2014 - 2015 school year and 
the 2016 - 2017 school year.   
 
Implementation: Work with staghorn coral and the ongoing restoration 
efforts are governed under CRF’s operating permits for activities in both federal 
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(Permit # FKNMS-2011-159-A4) and state 
(License # SAL-17-1725A-SCRP) waters. 
Under the supervision of the CRF team, the 
assistance of volunteers and recreational 
divers in restoration work is also supported. 
Under these permits, there is no expected 
impediments to project implementation.  
 
As far as engaging youth from landlocked 
Colorado in coral restoration work, the 
elements of airline travel to Florida and 
multiple scuba dives required a great deal of 
communication, risk management, and 
logistical planning to align with school district 
policies. The sponsoring teacher worked 
closely with administrators; parents; 
businesses providing travel, lodging, and 
food; a commercial dive operator; and CRF 
to ensure a safe and organized learning 
experience.    
 
Post-release monitoring: Coral 
restoration efforts in the Florida Keys have 
proven to be quite successful for enhancing 
population abundances. In 2016, Miller et al. showed that, in areas where 
restoration was taking place, A. cervicornis population trends were increasing, 
and areas where restoration was not taking place, A. cervicornis population 
trends were decreasing. Monitoring efforts by CRF take place one month, 12 
months, and annually after outplanting. Observers record survival percentages of 
corals within the cluster and the condition of corals over time. In 2016, 81% of A. 
cervicornis observed over one year remained on the reef. The reintroduction of 
thousands of coral fragments back onto the degraded reef allows for an increase 
in coral tissue that was not previously there. After two years, nursery-reared 
staghorn corals have been observed spawning on restoration sites. Due to 
strategic outplanting of genetically diverse fragments, multiple genotypes spawn 
with one another, introducing new genes into the population gene pool, which 
may strengthen the long-term success of the entire population. 
 
Regarding student involvement in coral restoration, no monitoring plan, 
evaluation, or impact study currently exists for the educational outcomes of the 
Colorado Coralition project. The 2015 and 2017 Coralition trips both took place 
during the last weeks of the school year, and students began their summer 
breaks at the end of each trip. However, the initial success of the 2014 - 2015 
program led to the 2016 - 2017 program. Participation decreased from 20 
students in 2015 to 13 students in 2017. The lead teacher determined that having 
an in-depth scuba certification and coral restoration program every year would 
likely face decreasing interest over time in a small school, particularly in an 
educational setting that provides a diverse offering of engaging Intensive projects 
for students. One solution was to invite five students from the inaugural trip in 
2015 to serve as student leaders on the 2017 trip to Key Largo. In addition to 
increasing the number of participants to 18 students, the addition of a leadership 

Colorado Coralition student 
entering a degraded reef area  
for outplanting © Matt Strand 
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component strengthened 
students’ long-term 
commitment to the 
Colorado Coralition. Plans 
are in the works for a third 
Coralition program in the 
2018 - 2019 school year. 
This program will also 
ensure returning students 
play a key role in leading 
new members of the 
Coralition. 
 
 
 
 

 
Major difficulties faced 
x� Travel costs and logistics, including flights from Colorado to the Florida Keys, 

rental vehicles, and lodging and meals, required extensive group and 
individual fundraising throughout the school year to ensure that any student, 
regardless of socio-economic background, could participate in the Colorado 
Coralition. 

x� Facilitating real-world science and partnership with field biologists created 
demands for educational time beyond the standard class period. Restoration 
training prior to the 2015 and 2017 trips required creative meeting times, 
access to/use of technology, and ongoing communication. 

x� Coral restoration work is fully supported by divers in the water. Therefore, 
strong storm, wind events, and sea conditions can become a challenge for 
boats and divers. Conditions caused seasickness and uncertainty in several 
student divers on both trips. On the 2017 trip, the citizen science monitoring 
component was cancelled due to surge conditions.  

x� Despite careful coaching by dive-masters leading each team, some student 
divers had trouble clearing their ears during descent, making it impossible for 
them to participate in restoration work. After so much effort to participate in the 
Colorado Coralition, the inability to participate in restoration work took an 
emotional toll on these students. Fortunately, all participants completed at 
least one dive. 

x� Ongoing restoration efforts face the challenge outplanting coral in continually 
declining water conditions. Better management and education is needed at a 
large scale to promote ocean stewardship.    

 
Major lessons learned 
x� Creative and ongoing fundraising helped ensure that youth from a variety of 

socio-economic backgrounds could participate in restoration programing. Both 
Colorado Coralition projects focused on individual and collective fundraising 
supported by the lead teacher, school administration and office staff, the 
parent community, participating students, grant writing efforts, and social 
networking. While designing a rigorous and safe educational program can 

Students outplanting corals © Sara Abbott 
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dominate organizers’ time, a fundraising priority from the outset helps promote 
equitable participation.  

x� Technology played an essential role in developing this youth-based restoration 
science program. Wireless fidelity, a webcam, and a microphone helped 
facilitate virtual conversations between students and experts in the field. Cloud
-based programs (such as Google Classroom and Google Drive) enabled the 
lead teacher to collect, organize, and provide online access to relevant 
scientific content and initiate collaborative discussions. Digital camera/video 
devices (such as cell phones, camcorders, GoPros, and 360-degree cameras) 
and student-friendly video editing and publishing platforms (for example, 
WeVideo and YouTube) were essential in sharing the Colorado Coralition 
project with a global audience (see http://bit.ly/divingintodeeperlearning-eled). 
A robust technology approach helps document learning, generate public 
awareness, and promote fundraising while supporting 21st century skill 
development in students. Consequently, material and technical support from 
educational technology departments, teams, or specialists is invaluable. 

x� Unpredictable and changing weather conditions can hinder restoration efforts, 
particularly in marine environments. On the 2017 trip, surge conditions made 
outplanting very challenging for students new to scuba diving as well as their 
CRF instructors. A reliance on neutral buoyancy in a fixed location and 
proximity to other divers was a specific obstacle to a more successful 
outplanting endeavor. During both projects, students struggled with 
environmental stressors such as seasickness or problems with equalization. 
Training participating students (and their families) to expect and accept the 
possibility of a modified or cancelled restoration experience can help prepare 
them for this scenario. Trip leaders can also anticipate such situations by 
including back-up plans for individuals or the group.  

x� Youth engagement in restoration science is a unique approach to promoting 
environmental awareness, action, and positive change. Beyond post-release 
monitoring, measurement of students’ ongoing participation in restoration 
programing and post-secondary studies could provide more insight into the 
potential long-term impacts of such experiences. Pre- and post-program 
surveys and interviews could provide quantitative and qualitative data on the 
environmental stewardship outcomes and the promotion of a new generation 
of scientists, policy makers, and activists. 

x� Ongoing, active population enhancement is key for successful restoration work 
in Acropora corals. While habitat restoration work with staghorn and elkhorn 
corals has evolved over the past several years, there are many emergent 
restoration techniques for other ESA listed corals, including boulder coral 
(Orbicella spp.) and pillar coral (Dendrogyra cylindrus). To best complement 
restoration efforts, there is much work to be done in protecting and restoring 
marine environments that include the reduction of those many stressors 
various coral species face.   
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Success of project 

 
Reason(s) for success/failure: 
x� In 2015 and 2017, a total of 32 students (ages 13 - 17) participated in the 

Colorado Coralition project. Fundraising, academic and diving instruction, and 
access to experts helped ensure these Colorado students were well-prepared 
for coral restoration work in Florida. Academic training, diving ability, and 
robust risk management practices ensured that all students participated safely 
in dives, nursery maintenance, and outplanting efforts. 

x� In 2015, students outplanted 100 staghorn coral fragments on Florida reefs. In 
2017, despite strong storm surge, students persevered through these 
conditions to outplant 40 staghorn coral fragments. Coralition students’ 
accomplishments with outplanting complement the broader CRF mission of 
volunteer-based coral restoration efforts. By September 2017, with the 
ongoing support of volunteers, CRF outplanted over 11,000 staghorn and 
1,800 elkhorn corals. 

x� CRF integrated the citizen science monitoring program in 2017. Participating 
students were highly engaged in this training as they learned how to track the 
health and progress of outplanted staghorn corals. Even though the formal 
monitoring activity was cancelled due to surge conditions, participants were 
still able to apply their learning during the final 2017 dive. Students and their 
lead teacher identified fragments they had outplanted on the reef in 2015. This 
was a highlight of the trip for all participants, bolstering the presence of citizen 
science in future programing. 

x� Students were also able to work with CRF staff in the maintenance of the 
offshore coral nursery. Students worked in teams to help clean structures, 
harvest fragments for outplanting, and tag fragments with genetic information. 
The nursery component provided participants with a more comprehensive 
understanding of complexities involved in restoration efforts. 

x� The Colorado Coralition continues to draw interest from new students, 
educators, and conservation programs. Many Coralition students express a 
high degree of interest in pursuing degrees in the marine sciences. 
Restoration science projects continue to be developed and refined at Polaris 
Expeditionary Learning School. Lastly, ongoing partnerships with CRF, 
regional outreach programs (Colorado Ocean Coalition), and national 
conservation agencies (Mission Blue/Sylvia Earle Alliance) is helping foster 
ocean stewardship and continued success of this youth-based program. In 
many ways, the growth of the Colorado Coralition project mirrors the work 
done by the Coral Restoration Foundation. Careful cultivation of student 
capacity in restoration science helps propagate more than staghorn coral on 
degraded reefs. Engaging youth in real-world environmental problems 
promotes meaningful engagement with academic knowledge, relevant skills 
required for fieldwork, collaborative action with experts, and a shared sense of 
purpose. It is the hope of the Colorado Coralition that these experiences 
empower students to go out into the world with the motivation and skills to 
improve native habitats - and to inspire others to do the same.   

Highly Successful  Successful Partially Successful  Failure 

√    
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