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Abstract: 
 
Community science initiatives are increasingly utilized to integrate the skill sets and knowledge 
of scientists with those of community members in order to enhance understanding of biodiversity 
and efficiency of conservation projects. Such initiatives provide data to researchers that would 
otherwise be difficult to collect, engage communities with natural environments, and promote 
appreciation for scientific research and local ecology. My advisors and I realized that 
conservation of seadragon populations and their respective habitats represented an area in marine 
and conservation biology that could potentially benefit from such a project. Due to receding kelp 
and seagrass habitats in southern Australia, there is concern that current seadragon ranges may 
be contracting, and baseline data on populations and their distributions is needed to determine 
appropriate conservation measures. This project focused on developing a community science 
initiative to support seadragon research and lead to desired conservation outcomes. The end 
product is a developing website that uses a computer vision model and deep learning to analyze 
volunteer-submitted photos of seadragons. This website will eventually provide data on 
individual seadragons and population dynamics.  
 
Scope of Capstone Project 
 
My goal was to develop a project- DragonSearch- that would bring together skill sets from 
science, scuba diving, and underwater photography to track individual wild seadragons. My 
focus was on building a website as the functional element of this community science initiative to 
support research on seadragon populations and inform more effective conservation measures for 
their habitats. My advising committee was comprised of Dr. Greg Rouse (Scripps Institution of 
Oceanography), Dr. Nerida Wilson (Western Australian Museum), and Jason Holmberg (Wild 
Me).  
 
Background  
 
Seadragons, a unique group of three species of fish found only in specific regions south and west 
of Australia, have been appreciated for years by divers, aquarium-goers, and marine science 
enthusiasts as charismatic species and icons for marine conservation. However, there has been 
concern in recent years that the ranges of leafy and common seadragons are contracting, which 
could impact the resilience of populations (Stiller et al 2017).  
 
Baseline data regarding genetic diversity of seadragons currently exists (Stiller et al 2017; 
Wilson et al 2017), and this data points to both limited gene flow and low genetic diversity in 
many populations, making protection of the species (and gene pool) a priority for biodiversity 
and conservation in the region (Wilson et al 2017). In order to properly implement conservation 
measures, a more complete understanding of seadragon ecology is needed, and baseline data 
detailing where seadragon populations are currently found represents a gap in the research 
(Wilson et al 2017). 
 
 
 
 



Scientific Questions in Seadragon Research 
 
Are seadragon ranges contracting? Are their numbers and locations changing through time? How 
long do they live in the wild? How can we measure real time seadragon population dynamics? 
Are climate change impacts, such as ocean warming and consequent effects on the ranges of 
kelps and seagrasses, also affecting seadragon populations? 
 
These gaps in seadragon research can potentially be filled by the establishment of a community 
science initiative in which recreational scuba divers submit photographs to a website that will 
analyze them using artificial intelligence. A machine learning algorithm that can identify and 
match individual seadragons can potentially provide researchers with robust data about 
individuals, locations, and population dynamics.  
 
With regard to seadragon preservation, researchers recommend conservation actions that focus 
on “preserving genetic diversity” and “maintaining habitat connectivity” (Stiller et al). The 
willingness of local communities to engage with and support such actions may be increased by 
opportunities to participate in seadragon-focused community science.  
 
Studies have shown that there is indeed evidence for a relationship between participation in 
community science projects and changes in conservation attitudes and behavior (Cooper et al 
2007; Nielsen-Pincus et al 2017; Toomey et al 2013). Case studies illustrate a positive trend 
toward environmentally conscious behavior with increased exposure to community science 
(Cooper et al 2007; Nielsen-Pincus et al 2017; Toomey et al 2013), and it is important to 
consider the structural components and implementation strategies that characterize such projects. 
 
History of DragonSearch 
 
In 1996, a coalition of South Australian community organizations and researchers decided to 
begin a community survey project for seadragons. This original DragonSearch project grew out 
of a mission to better understand seadragon ecology and inform conservation management, 
inviting “anyone who visits the beach or swims in the sea” to contribute to scientific research by 
sharing information about seadragon sightings through survey forms.  
 
The original project began with similar goals to the current project: to track and better 
understand seadragons in the wild by reporting sightings in the community and establishing a 
database. The larger goal was to protect marine habitats and biodiversity, while encouraging 
community-based monitoring of ecosystems. Eventually, researchers hoped to begin identifying 
individual seadragons by their unique color patterns. This would be the cornerstone of the work, 
as the ability to accurately track individuals was fundamental to establishing population sizes and 
actual range of movement.  
 
DragonSearch accepted and curated submissions from the community until 2002. It came to a 
close as grants finished their courses, and a robust accumulation of data awaited analysis. The 
original coalition published multiple reports about the data collected over the years that followed. 
These reports have informed the revival of DragonSearch as well as ongoing seadragon research 



in general. When the original project wrapped up, some components of it were integrated into a 
sister project, South Australian Reef Watch, though this platform has also since been archived.  
 
We have been able to build the current DragonSearch project upon the foundational vision, 
goals, and historical records of the previous initiative.  
 
The concept of using artificial intelligence to pinpoint individual fish through their unique 
markings began to gain traction in the early 2000’s, through a collaboration between university 
researchers and the non-profit Wild Me in the United States. Through partnership with Wild Me, 
which has by now established many successful versions of their detection software for both land 
and sea animals, our revival of DragonSearch will be able to achieve the original keystone goal 
of tracking individual seadragons in the wild. The project itself, like the fish it seeks to 
understand, has been required to adapt and reinvent itself in a changing world. With a strong 
historical foundation, DragonSearch will continue to advance scientific knowledge about these 
enigmatic ambassadors for marine conservation.   
 
Objectives and Methodology 
 
Goals within the scope of this 10-week Capstone project included: 
 

• Developing a computer vision model that could reliably identify individual leafy and 
common seadragons from a time series of sample photographs.  

• Determining requirements for photo submissions and types of metadata needed from 
volunteers (in addition to photographs).  

• Creating engaging web content around seadragon biology, ecology, and research.  
• Building a functioning website that facilitates data submission and processing, volunteer 

engagement, education about seadragons, and current news in seadragon research.  
• Researching and implementing strategies for effective community science. 
• Creating a plan for outreach and engagement in relevant diving communities.  
• Determining strategies for engaging non-divers in project participation. 

 
The functioning community science website was intended to include the following components: 

 
o Computer vision model trained to accurately detect and identify individual 

seadragons within a population. 
o A streamlined data submission process for volunteers/users.  
o Engaging written communications about seadragons.  
o Photo gallery 
o Opportunities to stay connected with seadragon updates and research. 

 
Methods for reaching these goals were implemented through the following actions:  
 

1. Guiding and facilitating communications between Wild Me, Dr. Rouse, and Dr. Wilson, 
in order to develop the machine learning model via the Wildbook platform. Monitoring 
timelines, analyzing, editing, and negotiating a draft contract, and communicating with 
other Wild Me clients to define clear expectations for the software development process.  



 
2. Collaborating with Wild Me to draw bounding boxes on sample seadragon photos 

sourced from the Rouse lab, collaborating scuba divers, and Internet resources in order to 
teach the machine learning algorithm to distinguish the animals from varied backgrounds. 
This enabled the algorithm to learn what the animal looks like, to detect visual texture 
and contrast, and to operate effectively given a range of photo types, background 
structures, and lighting.  

 
3. Continuing courses in R coding, HTML, and marine GIS, in order to develop an 

engaging seadragon website offering purposeful tools.  
 

4. Using WordPress to build an engaging landing site that includes resources for education 
and seadragon community involvement.  
 

5. Identifying potential partners and/or collaborators in Australia, including dive 
organizations, individual seadragon enthusiasts, and scientists.  

 
6. Attending the Citizen Science Association Conference in Raleigh, North Carolina March 

13-17 in order to develop strategies for a successful and effective community science 
project, including outreach, engagement, and ongoing participation.  
 

7. Attending the Santa Fe Science Writers Workshop in New Mexico May 6-11 in order to 
enhance science communication skills that facilitate the sharing of seadragon research 
with targeted communities.  

 
8. Conducting an independent study in the Rouse Lab sequencing seadragon DNA, in order 

to deepen my own understanding of the scientific research that the community science 
project is intended to support. 
 

The Mission of DragonSearch 
 
DragonSearch is a long-term community science project with a mission to collect data about wild 
seadragons, mainly through the art of underwater photography. When seadragon enthusiasts 
share their photos of seadragons through our website, a machine-learning algorithm analyzes the 
unique patterns on each seadragon to assign them an individual identity. Then, if the same 
seadragon is sighted again, the algorithm is able to track the animal in both time and location. 
This helps researchers to understand more about how long wild seadragons live, how far they 
range, and whether their populations are experiencing impacts as the ocean itself changes.  
 
Seadragons are icons for marine conservation and may be indicator species for the health of their 
habitats. Indicator species alert scientists and conservation managers to possible shifts in the 
health of an ecosystem. For example, when a seadragon population declines or disappears from a 
particular area, it may indicate that kelp or seagrass beds are suffering, which will impact many 
other species reliant on the intricate webs of survival these plant bioengineers support. 
Seadragons act as ambassadors for their watery world, providing captivating encounters for 
scuba divers as well as critical information for researchers. 



 
Training the Machine Learning Algorithm 
 
The first challenge in this process was sourcing an adequate number of quality photos, 
particularly of leafy seadragons. It is exciting to be working toward a better understanding of 
species that are so little known or documented, but this situation did pose a hurdle to properly 
training the machine learning algorithm. Through relationships cultivated by Greg and Nerida 
with divers and scientists around Australia, we were able to reach our goals with regard to photo 
counts for both species. We all participated in drawing bounding boxes around the bodies and 
heads of both leafy and common seadragons, in order to train the machine learning algorithm to 
learn what a seadragon is and be able to distinguish the animals from various backgrounds in 
different habitats and at different levels of lighting.  
 
Crafting the Story of the Research 
 
I attended a variety of science communication workshops throughout the spring, including the 
Santa Fe Science Writer’s Workshop (Santa Fe, New Mexico, May 6-11, 2019) and events at the 
UCSD Writing Hub (Crafting a Research Story, May 17th and 24th, 2019), in order to enhance 
science communication skills and facilitate the sharing of seadragon research with our targeted 
communities. At this point I have developed basic written content for the website, and will 
continue working through the summer on such items as press releases, further web content, and a 
newsletter.  
 
Developing a Successful Community Science Initiative  
 
I attended the Citizen Science Association Conference (Raleigh, North Carolina), March 13-17, 
2019 to help me develop strategies for a successful and effective community science project, 
including outreach, engagement, and ongoing participation. 
Our audience for this project is mainly recreational scuba divers in southern Australia. As many 
case studies in community science projects have demonstrated, building relationships with these 
constituents and creating a sense of community and ownership around the research project is 
critical for authentic investment, steady participation, and ongoing success.  
 
Relationships are currently being initiated through written communications and will eventually 
be strengthened through travel to Australia and personally visiting dive shops and organizations. 
A sense of community, ownership, and involvement will also continue to be cultivated through 
communicative features of the website, including a leaderboard, team member profiles, real time 
statistics, research updates, connections to social media, and possibly a quarterly newsletter.  
 
Complementary Projects: Birch Aquarium and Seadragon Genetics Independent Study 
 
We collaborated with the Birch Aquarium on their new seadragon exhibit with the intention of 
leveraging the popularity of seadragons in aquariums to spread the word about DragonSearch 
and promote seadragons as icons of biodiversity conservation. Greg and I spoke about current 
research and our plans for DragonSearch to a Birch Aquarium audience, advised on text for the 
exhibit, and integrated information about DragonSearch into some of the exhibit features. 



Interestingly, we have already been contacted by a South Australian scuba diver who learned of 
our initiative through a trip to Birch Aquarium and would like to collaborate with us as an 
underwater photographer. We hope to connect with more potential collaborators through this and 
other platforms. 
 
I also learned to extract, amplify, and analyze seadragon DNA in order to gain insight into Greg 
and Nerida’s research. Their genetics work has informed much of our baseline understanding of 
seadragon populations, and tracking individual seadragons through photography will amplify this 
knowledge. I recently obtained more tissue samples from the Birch Aquarium, and I will 
continue to perform genetic analyses over the summer with the hope of accumulating enough 
data to create a haplotype network.  
 
Results and Discussion 
 
The scope of my Capstone project has included developing plans for the DragonSearch website, 
negotiating a contract with Wild Me, contributing to manual curation of photos in training the 
machine learning algorithm, building a unique WordPress site as a landing page for the initiative, 
developing written content to describe and promote the project, researching and developing plans 
for outreach and engagement, and will culminate in a “soft” launch of the website during the 
second week of June. Currently, draft versions of the site are being reviewed with Greg Rouse, 
Nerida Wilson, and Dewy White, a DragonSearch logo is being crafted, we are continuing to 
manually curate photos to improve the performance of the machine learning algorithm, and Wild 
Me is building their WildBook for Seadragons site, which will receive and process photo 
submissions from the public.  
 
The successful outcome of this project will be defined by both short-term and long-term 
measures. In the short-term, we will have a fully functioning website by the beginning of 
September, and we will travel to Australia to educate our target communities about our project. I 
am continuing to develop plans for outreach, engagement, and expansion of the website.  
 
In the long-term, quantifiable success will be measured by community engagement with the 
project and website in Australia, through volume, variety, and quality of photographs submitted. 
In more abstract terms, a successful outcome will also include an increased appreciation in the 
targeted communities for seadragons, local marine ecosystems, marine biological research, and 
the endeavor of community science. These outcomes are still to be measured and assessed. Our 
goal is to collect data over a time period of at least 10 years, but we will evaluate our progress 
and update our plans at regular intervals along the way.   
 
Ongoing Development of the Project 
 
I will be continuing to work on DragonSearch over the summer in collaboration with Greg, 
Nerida, and Jason. I hope to develop useful tools such as a story map for the website, a 
newsletter for participants, and a laminated card detailing instructions for participation in the 
project, including tips for photographing seadragons, both minimum and ideal requirements for 
submitted photos, other types of data requested for entry per photo (time, depth, etc.), where and 



how to submit data, and possibly a mission statement. Ideally this card could be distributed to 
dive shops to share with both local and visiting divers, in order to encourage participation. 
 
I will also be attending ComSciCon 2019 in San Diego, where I will continue to focus on 
crafting engaging written communications and research stories around the DragonSearch project. 

 
In September, Greg and I will travel to Australia to join Nerida in promoting the project on the 
ground, giving educational talks, meeting with key partners, and engaging the relevant 
communities in a variety of creative ways.  
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