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Developing a rapid fluorescence imaging tool for in situ estimation of 

coral reef health in diverse environments 

Hagai Nativ 

Abstract 
 Coral recruitment represents a key element for coral reef persistence and resilience in the 

face of environmental disturbances. Studying coral recruitment patterns is fundamental for 

assessing the reef health and to implement appropriate management strategies in an era of climate 

change. In situ fluorescence census techniques have increasingly been used as they make highly 

cryptic coral recruits much easier and faster to detect than under standard white light census. The 

FluorIS system has been developed to acquire high resolution, wide field-of-view (FOV) in situ 

images of coral recruit’s fluorescence, and it has been shown to be successful in shallow reef 

environments. However, up to now, its applicability to mesophotic coral ecosystems has been 

restrained by the time limits and technical constraints imposed by non-recreational deep diving. 

In this study we optimized the FluorIS system by utilizing a single infrared-converted camera 

instead of the bulkier regular dual-camera system, significantly reducing the system complexity 

and the time consumed for completing the underwater survey. With this faster, more flexible and 

easier to handle system we surveyed coral recruits under 2 cm in diameter using a 25x25 cm 

quadrant across shallow and mesophotic reefs of the northern Red Sea and Bermuda. Our single-

camera system represents a valuable, non-invasive and rapid underwater tool to investigate in situ 

coral reproductive ecology over a broader range of depths and habitats than previous fluorescence 

methods that are mainly limited to shallow reefs. Our improved technique significantly increases 

the speed and accuracy of coral recruits count, ultimately allowing us to obtain a deeper 
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understanding of coral recruitment patterns, which is critical for developing suitable reef 

conservation and management strategies. 
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Introduction 
The Ocean is critical to humanity’s well-being. It is a source for food, energy, resources, 

recreation and also acts as a regulator for global climate (Halpern et al. 2008). Global and local 

stressors are affecting the biodiversity and abundance of marine flora and fauna throughout the 

world. With over half of the world's population living in proximity to the coast, anthropogenic 

activities including pollution, overfishing, habitat destruction, introduced pests and global 

warming are eroding the ocean’s ability to sustain these benefits in the future (Halpern et al. 

2012). The coral reef ecosystems which are an important habitat for numerous species of marine 

life are suffering massive global declines (De’ath et al. 2012) and even though marine extinctions 

are not as prevalent as terrestrial extinctions, human activity has a direct effect on marine 

defaunation that may result in mass extinction if not managed properly (McCauley et al. 2015).  

In order to allow conservation managers and policymakers to direct their efforts more accurately, 

relevant data from regional and national sources are gathered into open databases that will 

facilitate macroecological research. Scientists are urgently trying to gather accurate, comparable 

data that will enable detection of global patterns, quantitative reference for changes over time and 

other covariates that emerge when broad-scale data is available (Edgar et al. 2016). 

Unfortunately, recent year data indicates that climate related stressors particularly pronounced on 

shallow water reef systems, where corals and their dinoflagellate symbionts live close to their 

physiological thermal maximum and, as a result, warming of 1°C or more can reduce their fitness 

and cause tissue loss or whole-colony mortality (Ove Hoegh-Guldberg 1999; Jones et al. 2008;  

Jones 2008). However, coral reefs extend far beyond these well-studied shallow reefs zones into 

mesophotic coral ecosystems (MCEs) ranging from 30m to approximately 150m depth 

(Hinderstein et al. 2010). In fact, the conservation status of 704 species of scleractinian corals 
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worldwide revealed that only 40% are restricted to depths <20m, whereas the remaining 60% can 

survive at greater depths (Hinderstein et al. 2010).          

MCEs are deep reef communities where low light is a dominant abiotic feature, and they 

are composed of highly diverse low light-adapted zooxanthellate scleractinian corals, macroalgae 

and sponge communities (Hinderstein et al. 2010).  The physical environment of these deep reef 

communities includes strong gradients in downwelling solar irradiance and protection from high 

wave action compared to their shallow counterparts.  Under normal circumstances there are modest 

changes in seawater temperature from the surface to deeper waters (up to 150m) on coral reefs and 

mesophotic reefs are not regularly affected by high temperature stress associated with shallow coral 

reefs (Lesser and Farrell 2004; Hoegh-Guldberg et al. 2007). Moreover, nutrient delivery from 

deeper depths via internal waves (Leichter et al. 1998; Leichter et al. 2007) can result in significant 

increases in productivity on MCEs (Leichter and Genovese 2006; Leichter et al. 2007; Leichter et 

al. 2008). Thus, in light of the large-scale degradation on shallow reef systems, MCEs have gained 

considerable interest as they appear to be protected from many of the local and global impacts 

affecting shallow-water coral reefs, such as storms, sedimentation, habitat fragmentation, etc., as 

well as impacts of global climate change, such as increased sea surface temperature and associated 

bleaching (Huston 1985; Hoegh-Guldberg et al. 2007; Lesser et al. 2009; Lesser 2010; Bongaerts 

et al. 2010; Kahng et al. 2010; Loya et al. 2016). While MCEs are not immune to the impacts of 

disturbance (Bongaerts et al. 2013; Appeldoorn et al. 2016; Smith et al. 2016), they have not 

experienced the same degree of decline as their shallow-water counterparts (Bak, et al. 2005). For 

example, work in the Caribbean suggests long-term community stability, as well as an associated 

transition from reliance on autotrophy to heterotrophy by symbiotic corals as particulate food 

increases (Bak et al.   2005; Lesser 2010; Lesser and Slattery 2013). It is hypothesized, therefore, 
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that coral populations at depths greater than 30m may serve as a refuge for coral reef species and 

provide a source for recruits, genetic diversity, and repopulation of shallow regions via larval 

exchange (termed the Deep Reef Refugia Hypothesis “DRRH”; (Bongaerts et al. 2010; Lesser et 

al. 2018). 

If MCEs are in fact an important life boat for coral survival, it is critical to understand the 

various processes regulating community composition and ecosystem function. Resilience of 

ecosystems relies in part on the capacity of organisms to adapt and/or acclimatize to different 

conditions. Adaptation and acclimatization can occur via changes in morphology and/or 

physiology. For several scleractinian coral species, changes in skeletal morphology have been 

documented across depths (Bruno and Edmunds 1997; Goodbody-Gringley et al. 2015; Goodbody-

Gringley and Waletich 2018). Likewise, changes in physiology such as nutrient acquisition, 

calcification and photosynthesis are reported to differ over increasing depth (Mass et al. 2007; 

Einbinder et al. 2009). 

Resilience of ecosystems under rapid environmental change relies, in part, on successful 

recruitment of juvenile corals. Formation of new juvenile colonies indicates good conditions for 

development and growth of coral reefs. Thus, efforts to preserve these environments require an 

understanding of this important demographic process and have long been identified as a research 

priority (Glassom et al.   2004; Martinez and Abelson 2013). Coral recruits are very small and 

often cryptic at settlement which makes them difficult to detect with normal census techniques 

(Baird et al. 2006). To date, the main methods for determining coral recruitment are artificial 

settlement plates, small-scale macro photography or visual searches in the field (Edmunds et al. 

1998; Martinez and Abelson 2013). These methods can be labor-intensive or time-consuming, as 

they require microscopic examination of the settlement surface or enough time for the coral to 
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grow large enough to be visible to the naked eye (Piniak et al. 2005). Corals and their symbiotic 

zooxanthellae both contain fluorescence pigments, including chlorophyll and Fluorescence 

Protein (FP) that emits under UV or visible light, with emission maxima at 420-620nm (Singh et 

al. 2004). Using fluorescence techniques to detect coral recruitment is a valuable tool for 

assessment of their success rates. It can potentially be a simple, sensitive and non-invasive tool 

that can increase the speed and accuracy of juvenile coral counts. 

For this reason, a recently developed fluorescence imaging method (FlourIS) that enables in situ, 

high resolution, wide FOV daytime fluorescence imaging of corals, draws our attention (Treibitz 

et al. 2015). Modification of this system was further used for in situ images of coral recruits 

fluorescence during daytime (Zweifler et al. 2017), however, its applicability to Mesophotic 

ecosystems is highly challenging, due to the time limits and technical constraints imposed by 

non-recreational deep diving. 
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Research objectives 
1- To optimize the FluorIS system (Treibitz et al., 2015) for daylight survey in broad 

environmental conditions and to significantly reduce the system complexity and the time consumed 

for completing the underwater survey, while also broadening the types of topographic shapes and 

angles that can be surveyed.  

2- To successfully survey in different locations and down to Mesophotic depth with enough 

data to make a statistical analysis in a practical number of dives. 

Working hypothesis 
The greater the ability of coral-planulae to adapt to conditions experienced at the time of 

metamorphosis, the greater the chance of recruits to survive across a wide depth distribution. My 

hypothesis is that the rates of coral recruitment will differ across the depth gradient. 

Reference:   

Hagai Nativ, Federica Scucchia, Stephane Martinez, Shai Einbinder, Alex Chequer, Gretchen 

Goodbody-Gringley, Tali Mass. (2021) In situ estimation of coral recruitment patterns from 

shallow to mesophotic reefs using an optimized fluorescence imaging system. Frontiers of 

Marine Science 8(709175). 

Author contributions:  

H.N., G.G.G and T.M. designed the research. H.N., G.G.G, S.M, S.E., A.C. and T.M.  performed 

the underwater surveys. F.S. and H.N. carried out the image analysis and recruit counts. H.N., F.S., 

G.G.G and T.M. wrote the manuscript. All authors contributed to improving, revision and approval 

of the manuscript. 
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General Discussion 
In this study, we optimized the FluorIS system by utilizing a single infrared-converted 

camera instead of the bulkier regular dual-camera system (Treibitz et al., 2015). We thus 

significantly reduced the system complexity and the time consumed for completing the underwater 

survey, while also broadening the types of terrain shapes and slopes that can be surveyed. With this 

faster, more flexible and easier to handle system we surveyed coral recruits under 2 cm in diameter 

across shallow and mesophotic reefs of the northern Red Sea and Bermuda. Our improved 

technique represents a valuable, non-invasive and rapid underwater tool to investigate coral 

reproductive ecology, in situ across wide depth ranges, that significantly increases the speed and 

accuracy of coral recruit counts.  

The speed-FluorIS that we developed (Nativ et al. 2021) represents an economical, non-destructive, 

and easy-to-use method that will help standardize surveys and long-term monitoring of coral 

recruits. Moreover, the speed-FluorIS is in order of magnitude faster to acquire images than the 

former two-camera systems on the market. With those improvements, it is possible to acquire 

images and take surveys in any practical depth and time of the day.  In the future, it can be applied 

via underwater vehicles for rapid and automated surveys. The recorded data could be uploaded to 

create universal and easily accessible databases that contribute to our understanding of the vital 

and delicate early life stages of corals. Importantly, as coral recruitment has been long identified 

as a key process in the ability of reefs to recover from disturbances (Hughes et al., 2007; Hughes 

et al., 2010; Ritson-Williams et al., 2009), understanding the recruitment process is essential for 

developing suitable reef conservation and management strategies to protect these vital ecosystems. 
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Supplementary: 
Workflow demo. For In situ estimation of coral recruitment patterns from shallow to mesophotic 
reefs using an optimized fluorescence imaging system 

https://www.frontiersin.org/articles/10.3389/fmars.2021.709175/full#supplementary-material

https://www.frontiersin.org/articles/10.3389/fmars.2021.709175/full%23supplementary-material


 

שיפור שיטת צילום פלורסנטית להערכת בריאות שוניות 
 אלמוגים במגוון בתי גידול

 
 
 נתיב חגי

 
 תקציר

 

 אקלים שינויי מול התמודדות החווים, בעולם האלמוגים שוניות ועמידות לבריאות חשוב מדד מהווה אלמוגים התיישבות

 השונית של בריאותה בהערכת קריטיים שלבים הם אלמוגים התיישבות של תהליכים והבנת לימוד. סביבתיות והפרעות

 .אקלימיים שינויים של בתקופה השימור אסטרטגיות של נכון וניהול

 שטח בדיגום אלמוגים התיישבות של ניתוח ברות תמונות להשיג מנת על פותחה) FluorIS( תהפלורסנטי הצילום מערכת

 עמוקות בשוניות יעילה עבודה בעזרתה לבצע הצליחו טרם עכשיו עד, פנים כל על. רדודות בשוניות יעילות והוכיחה

 צלילה יכולות מבחינת מאוד מאתגרת בעומק והעבודה מסורבל המערכת שתפעול העובדה בשל, בפרט המזופוטי זורובא

 . זמן ומגבלות

 במערכת שימוש בוצע בהן מצלמות בשתי במקום אחת במצלמה שימוש ידי על ילוםהצ מערכת את שיפרנו זו בעבודה

 עד למים מתחת סקר באמצעותה לבצע שלוקח והזמן הבתפעול המורכבות את בסדר גודל צמצמנו כך ידי ועל, המקורית

המשופרת,  רכתהמע בעזרת. הנדרשות להפקת נתונים מריבוע דיגום אחד תמונות 3 של לסט שניות 10 של ממוצע לזמן

 בברמודה ותועמוק ותרדוד שוניותב מ"ס 25X25 של דיגום ריבוע עם סקר ביצענו, יותר והזולה לתפעול הפשוטה

פיק מידע לה שניתן והראנו, מזה זה שונים ומצע טופוגרפיים מאפיינים עם, בעולם ביותר הצפוניות מהשוניות, ובאילת

 ).Speed-FluorIS(במערכת הצילום שבנינו  שימוש דיי על אלמוגים התיישבות של תוצאותבר ניתוח ו

 אחיד כלי ליצירת ותורמת האלמוגים לשוניות נזק גרימת ללא סקרים בביצוע משמעותי יתרון מהווה שפיתחנו המערכת

 שימור אסטרטגיות וליצירת לעולם מסביב השונית בריאות להערכת ניטור בתוכניות גם שימוש המאפשר וסטנדרטי

 .האלמוגים של ההתיישבות תהליכי תלהבנ בהתאם
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