Chapter 8
Crystal clear waters filled with microscopic organisms
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Mesocosms set up for the VAHINE project in New Caledonia. © IRD/).-M. Boré and IRD/E. Folcher

Most of the water surrounding the coral reefs and lagoons of New
Caledonia is crystal clear. The water clarity, or oligotrophy (poor in
nutrients, from the Greek “oligo”: few, and “trophein”: feeding), is due
to the very low nutrient concentration of the oceanic waters that flow
into the lagoon with tidal currents or wave-breaking over the reef.
Research programs carried out in the lagoon have identified two
major factors which explain most of the spatial variability of the waters’
characteristics (FICHEZ et al, 2010): a trophic enrichment gradient
and a salinity gradient. These two factors testify to the perpetual
battle between terrestrial and oceanic influence in the lagoon. While
the trophic enrichment at the coast can be due to natural factors, such
as long water-renewal time in the most sheltered zones, some sites are
markedly different. For instance, near urban zones, abnormal

enrichments can be linked to wastewater discharge. Seasonal and
interannual temperature and salinity variations are also amplified at
the coast. As a result, bays amplify the physical functioning of the
lagoon, with implications for the distribution of species and
environmental vulnerability.

Although, waters surrounding the coral reefs and lagoons of New
Caledonia are mostly crystal clear, each of the water drops that fill the
lagoon is packed with millions of microscopic organisms called
plankton (from the Greek ‘planktos” meaning “errant” or “drifter”).
These organisms are remarkably adapted to their very specific
environment, where they live suspended, and drift with currents.
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Barely known, because they are invisible to the naked eye, they are
mostly made of bacteria, microalgae (or “phytoplankton”), and
microscopic animals (or “zooplankton”). Like terrestrial plants,
phytoplankton is made of photosynthetic organisms that contain
chlorophyll, with which they can absorb solar energy. Sunlight, carbon
dioxide (CO5) and minerals dissolved in seawater (nitrogen,
phosphorus, and micronutrients) are sufficient for phytoplankton to
grow and develop. Phytoplankton plays a key role for several reasons.
Firstly, it is at the base of the marine food chain and it also produces
large quantities of oxygen through photosynthesis. At the global scale,
it is estimated that phytoplankton generates over half the oxygen of
our planet, while it represents only 1% of the biomass of all
photosynthetic organisms (most being terrestrial plants). Lastly, it plays
arole in climate regulation, as it uptakes atmospheric CO, through
photosynthesis. When it dies, part of the phytoplankton sinks to the
bottom of the oceans, allowing for the durable sequestration of CO,
through a process known as the “biological carbon pump”. In the
lagoons, the planktonic organisms that sink to the bottom contribute
to feeding benthic organisms such as corals (chap. 7).

The Western Tropical South Pacific Ocean, including New
Caledonia and archipelagos between Australia and Tonga, are unique
because they harbor the largest biomass of nitrogen-fixing microalgae
in the world (BONNET et al, 2017) (Fig. 1). These microalgae, also
called "diazotrophs” are very competitive organisms in these oceanic
deserts. They are capable of living in waters that are very poor in
mineral nitrogen elements because they can use atmospheric
dinitrogen (an unlimited resource) and fix nitrogen themselves. This
process fertilizes surface waters with nitrogen, acting like a natural
fertilizer, and sustains other organisms that, otherwise, would not have
been able to live in these deserts.

The filamentous cyanobacteria Trichodesmium are found
throughout the year in tropical waters. Aggregated in fusiform
colonies, they accumulate at the surface to look like gold dust (or
sawdust). They are often observed by ships that navigate in the
region and recorded as “colored waters” on the most ancient nautical
charts. Samples collected by the national navy, stretching all the way
to Vanuatu, Fiji and Tonga, revealed an important species diversity,
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Figure 1: Nitrogen fixation rate (umol N m2j7) in the Southwest Pacific (in red) and in the rest of the world (in green). Adapted from BONNET et al, 2017
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which is similar to what is found in New Caledonia. These 98 surface
water samples have been used for the calibration of an automated
detection algorithm (DUPOUY et al, 2011). Algal blooms seen on
satellite images can cover thousands of square kilometers. Assuming
a homogeneous distribution of Trichodesmium across the areas
where it is detected (90,000 km?), and an average nitrogen fixation
rate, it has been estimated that a bloom of diazotrophs can fix
between 0.02 and 1.17 x 109 g of nitrogen over a period of 10 days
(DUPQUY et al, 1988).

In the lagoons of New Caledonia, the growth of Trichodesmium
increases during summer. Blooms approximately a week-long are
triggered by the combination of weak winds and nutrient enrichment
on the west coast in the Sainte-Marie Bay (T. erythraeum), and on
the east coast in the Ouinné Bay (T. thiebautii, oceanic species)
(RODIER and LE BORGNE, 2010).

In order to study the role of these organisms on the functioning
of the New Caledonian lagoon ecosystem in detail, a team from the
IRD research center has led experiments in the lagoon over a month.
They used mesocosms, giant 50,000 L test tubes, for the study of
organisms that form the base of the marine food chain. The objective
was to answer the question: Who benefits from the fertilization
provided by diazotroph microalgae? The main results of this project
highlighted that most of the new biological production in the water
column in the New Caledonian lagoon, is supported by the activity
of diazotroph microalgae during the summer. Within the mesocosms,
blooms increased the system’s productivity by two-fold, and its
carbon export by five-fold (BERTHELOT et al, 2015). The fate of
nitrogen produced by fixation in the ecosystem appeared to be
dependent on the organisms that were present.

When the dominant organisms in the community were diazotrophs
living in symbiosis with microalgae that are incapable of fixing
dinitrogen (diatoms), the nitrogen derived from diazotrophy (NDD)
was exported (directly) (BERTHELOT et al, 2015). In this case there
was no transfer to the organisms at the base of the planktonic food
chain (phytoplankton/bacteria), but instead the NDD was transferred
to zooplankton through direct grazing (HUNT et al, 2016).

When free and unicellular diazotrophs (UCYN, Cyanobacterium)
were dominant, about 20% of the NDD was rapidly (in 24 hrs)
transferred to non-diazotrophic plankton (BONNET et al,, 2016),
and to zooplankton. For the latter, nitrogen demand was sustained
at 35 % by nitrogen fixation (HUNT et al, 2016), either directly by
grazing on diazotrophs, or indirectly by grazing on plankton that
developed on NDD. The efficiency of the system in exporting
carbon, relative to the fixation of carbon by phytoplankton (primary
production) (e-ratio), was higher when UCYN were dominant. This
export was both direct, with the high sedimentation rate of UCYN
small cells (5.7 + 0.8 pm) aggregated in large particles (100-500 pm),
or indirect, through the sedimentation of non-diazotrophic plankton
that developed on NDD (BONNET et al,, 2016). In total, 60% of the
exported production was supported by diazotrophy.

Results obtained during the VAHINE (Variability of Vertical and
Trophic Transfer of Diazotroph-derived Nitrogen in the Southwest
Pacific) project provided the first quantitative data on the fate of
nitrogen fixation in the marine ecosystem, as well as a classification of
the dominant types of organisms involved. These were integrated into
a model that enables numerical simulations to predict the evolution
of productivity in the lagoon and the surrounding waters (GIMENEZ
et al, 2016). Numerous studies show that diazotrophy should increase
in the warmer, more acidic and stratified oceans predicted to exist in
the future, reinforcing the relevance of these simulations.
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Trichodesmium seen through a microscope. © IRD/G.Dirberg and C. Dupouy

DUPQUY C., PETIT M., DANDONNEAU Y., 1988 Satellite detected
cyanobacteria bloom in the southwestern tropical Pacific. Implication for
nitrogen fixation. International Journal of Remote Sensing, 8 (3) : 389-396.
DUPOUY C. et al, 2011 A new algorithm for detecting Trichodesmium
surface blooms in the South Western Tropical Pacific. Biogeosciences, 8 : 1-
17.doi: 10.5194/bg-8-1-2011.

FICHEZ R. et al, 2010 Biogeochemical typology and temporal variability of
lagoon waters in a coral reef ecosystem subject to terrigeneous and
anthropogenic inputs (New Caledonia). Marine Pollution Bulletin, 61 : 309-322.

70

GIMENEZ A. et al, 2016 Biogeochemical fluxes and fate of diazotroph derived
nitrogen in the food web after a phosphate enrichment: Modeling of the
Vahine mesocosms experiment. Biogeosciences, 13 : 5103-5120.

HUNT B.PV. et al, 2016 Contribution and pathways of diazotroph derived
nitrogen to zooplankton during the Vahine mesocosm experiment in the
oligotrophic New Caledonia lagoon. Biogeosciences, 13 : 3131-3145.
RODIER M., LE BORGNE R., 2010 Population and trophic dynamics of
Trichodesmium thiebautii in the SE lagoon of New Caledonia. Comparison
with T. erythraeumin the SW lagoon. Marine Pollution Bulletin, 61 : 349-359.



New Caledonia
World of corals

Scientific direction: Claude E. Payri

IRD Editions

French National Research Institute for Sustainable Development, Marseilles, 2018

Editions Solaris



Translation: Lydiane Mattio

Editorial coordination: Claude E. Payri

Page and cover layout : Pierre-Alain Pantz - Editions Solaris
Printing: Winson Press, Singapour

Cover illustrations

Cover page 1 (from top to bottom):

Bay of Upi, Isle of Pines. © P.-A. Pantz

Coral biodiversity of Larégnere reef. © IRD/S. Andréfouét

Cover page 4 (from left to right):

Loading of a mikwaa net on a decked pirogue at Pwadéwia, St. Joseph Bay,
Isle of Pines, 2017. © M. Juncker

Clown fish eggs. © G. Boussarie

Incubation of coral colonies in benthic chambers. © CNRS/E. Amice

Flying Red-footed booby (Sula sula). © M. Juncker

The law of TstJuly 1992 (intellectual property code, first part), under paragraphs
2 and 3 of article L122-5, only authorizes, on the one hand, “copies and
reproductions strictly reserved for the private use of the copyist and not
destined for collective use; and, on the other hand, analyses and short quotations
for the purpose of example and illustration, therefore “any representation or
complete or partial reproduction, made without the approval of the author or
the entitled parties or the legal claimant, is prohibited (paragraph 1 of article L.
122-4). Such representation or reproduction, by any means whatsoever, would
therefore constitute an infringement punishable by the penalties provided for
in Title Il of the aforementioned law.

© IRD/SOLARIS 2018
ISBN : 978-2-7099-2677-5

Recommended citation:
Payri, C.E. (dir.), 2018 — New Caledonia: world of corals. IRD Editions/Solaris,
Marseilles/Nouméa, 288 pp.



	Table of contents
	Preface. Professeur Jean-Paul Moatti
	Foreword. Édouard Hnawia
	Introduction. New Caledonia: land of nickel, world of corals. Claude E. Payri
	PART 1. Coral reefs: complex dynamics in a changing environment
	Chapter 1. Tales narrated by coral reefs. Bernard Pelletier and Serge Andréfouët
	Chapter 2. New Caledonia reef and lagoon habitats 
Serge Andréfouët
	Chapter 3. A satellite view of lagoons. Cécile Dupouy, Jérôme Lefèvre, Guillaume Wattelez, Chloé Martias, Rémi Andreoli and Didier Lille
	Chapter 4. The waltz of the water masses in the New Caledonian lagoon. Pascal Douillet, Jérôme Aucan, Jérôme Lefèvre, Romain Le Gendre, Térence Desclaux and Marion Drouzy

	PART 2. Coral reefs, a reservoir of life
	Chapter 5. Reef corals of New Caledonia: a diverse and valuable heritage. Francesca Benzoni
	Chapter 6. Are reefs fertilized by seabirds? Anne Lorrain, Fanny Houlbrèque, Francesca Benzoni, Laura Tremblay-Boyer, Christophe Menkès, Claude E. Payri and Éric Vidal
	Chapter 7. The reefs’ quest for diazotrophs Valentine Meunier, Sophie Bonnet, Anne Lorrain, Mar Benavides, Mercedes Camps, Olivier Grosso and Fanny Houlbrèque
	Chapter 8. Crystal clear waters filled with microscopic organisms. Sophie Bonnet, Renaud Fichez, Cécile Dupouy and Martine Rodier
	Chapter 9. Tales of algae. Claude E. Payri, Laura Lagourgue, Lydiane Mattio, Julie Gaubert and Christophe Vieira
	Chapter 10. Marine invertebrates of New Caledonia. Gustav Paulay
	Chapter 11. The exceptional mollusk diversity of New Caledonia. Philippe Bouchet
	Chapter 12. Giant clams: jewels of New Caledonian reefs 
Cécile Fauvelot, Philippe Borsa, Serge Andréfouët, Josina Tiavouane, Simon van Wynsberge and Pascal Dumas
	Chapter 13. Sponges: miniature ecosystems within the reef 
Sylvain Petek
	Chapter 14. Fishes of New Caledonia unveiled. Michel Kulbicki, Laurent Vigliola, Laurent Wantiez and Gérard Mou-Tham
	Chapter 15. The precarious survival of fish larvae and juveniles 
Dominique Ponton, Laure Carassou and Philippe Borsa
	Chapter 16. Functional biodiversity in the lagoon. Laurent Vigliola, Nicolas Guillemot, Laurent Wantiez and Michel Kulbicki
	Chapter 17. Sea-snakes of the coral reefs of New Caledonia 
François Brischoux, Xavier Bonnet, Richard Shine and Claire Goiran
	Chapter 18. The trophic networks of coral reefs. Marine Julie Briand and Yves Letourneur
	Chapter 19. The New Caledonian lagoon: dolphins’ shelter and restaurant. Marc Oremus
	Chapter 20. Vulnerable and threatened: the seabirds of the Coral Sea. Philippe Borsa and Éric Vidal
	Chapter 21. Inventory of reef biodiversity for knowledge sharing. Éléonore Vandel, Sylvie Fiat, Jeanne de Mazières, Laurent Poncet and Pascale Joannot

	PART 3. Coral reefs: impacted but resilient
	Chapter 22. Reefs and anthropogenic pressures: from mine to lagoon Gilbert David
	Chapter 23. Metals and their impact on corals Tom Biscéré, Anne Lorrain, Riccardo Rodolfo-Metalpa, Richard Farman, Antoine Gilbert, Andy Wright and Fanny Houlbrèque
	Chapter 24. Super corals in New Caledonia can resist climate change Riccardo Rodolfo-Metalpa, Fanny Houlbrèque and Claude E. Payri
	Chapter 25. The 2016 coral bleaching event. Claude E. Payri, Francesca Benzoni, Laure. V. André and Fanny Houlbrèque
	Chapter 26. Islet mobility in the New Caledonian lagoon: vulnerability or resilience? Myriam Vendé-Leclerc and Manuel Garcin
	Chapter 27. Managing Acanthaster outbreaks: a challenge for the Pacific. Pascal Dumas and Mehdi Adjeroud

	PART 4. Words, practices and representations around the reefs
	Chapter 28. Three Millennia windward of coral reefs. Christophe Sand
	Chapter 29. Reefs, speech and people. Emmanuel Tjibaou
	Chapter 30. Cultural, subsistence and commercial fisheries in reef ecosystems. Catherine Sabinot, Gilbert David, Matthieu Juncker, Séverine Bouard, Camille Fossier, Julie Mallet and Floriane Kombouare
	Chapter 31. Reefs invertebrates: sustainable resources for local populations in New Caledonia? Pascal Dumas, Marc Léopold and Loïc Bourgine
	Chapter 32. Natural substances: hidden treasures. Sylvain Petek
	Chapter 33. The lagoon: a natural heritage and recreational space. Charles Gonson, Jocelyne Ferraris, Dominique Pelletier 
and Isabelle Jollit

	PART 5. Vulnerable species in a fragile environment. Management, protection and conservation
	Chapter 34. Managing emblematic species and reef ecosystems. Catherine Sabinot and Éric Vidal
	Chapter 35. Giant clams: a resource to preserve. Cécile Fauvelot, Pascal Dumas and Josina Tiavouane
	Chapter 36. Rare and endemic fishes, little-known players 
that must be preserved. Michel Kulbicki, Philippe Borsa, Gérard Mou-Tham, Laurent Vigliola and Laurent Wantiez
	Chapter 37. Where are the sharks? Laurent Vigliola, Jean-Baptiste Juhel, Laurent Wantiez and Michel Kulbicki
	Chapter 38. Emblematic fish species as flagships of participative ecology? Michel Kulbicki, Philippe Borsa, Gérard Mou-Tham, Laurent Vigliola and Laurent Wantiez
	Chapter 39. The marine turtles of New Caledonia. Tyffen Read and Richard Farman
	Chapter 40. Seabirds as sentinels of New Caledonian waters. Éric Vidal, Karen Bourgeois and Philippe Borsa
	Chapter 41. Dugongs: endangered lagoon mermaids. Christophe Cleguer and Claire Garrigue
	Chapter 42. Local knowledge to manage and regulate reefs 
Catherine Sabinot, Estienne Rodary, Marlène Dégremont, Victor David and Gilbert David
	Chapter 43. Towards planned management of reserves in New Caledonia. Laurent Wantiez, Emmanuel Coutures, Maël Imirizaldu, Michel Kulbicki and Laurent Vigliola
	Chapter 44. The challenges of modelling coral reef ecosystems. Morgan Mangeas, Antoine Wickel, Jean-Brice Herrenschmidt, Catherine Sabinot, Pierre-Yves Le Meur, Laurent Vigliola and Gilbert David
	Chapter 45. The law applicable to coral reefs of New Caledonia. Victor David
	Chapter 46. New Caledonian reefs and lagoons on the UNESCO World Heritage List. Myriam Marcon

	Epilogue. Didier Poidyaliwane
	Glossary
	Acronyms
	List of authors
	ours.pdf
	Table of contents
	Preface. Professeur Jean-Paul Moatti
	Foreword. Édouard Hnawia
	Introduction. New Caledonia: land of nickel, world of corals. Claude E. Payri
	PART 1. Coral reefs: complex dynamics in a changing environment
	Chapter 1. Tales narrated by coral reefs. Bernard Pelletier and Serge Andréfouët
	Chapter 2. New Caledonia reef and lagoon habitats 
Serge Andréfouët
	Chapter 3. A satellite view of lagoons. Cécile Dupouy, Jérôme Lefèvre, Guillaume Wattelez, Chloé Martias, Rémi Andreoli and Didier Lille
	Chapter 4. The waltz of the water masses in the New Caledonian lagoon. Pascal Douillet, Jérôme Aucan, Jérôme Lefèvre, Romain Le Gendre, Térence Desclaux and Marion Drouzy

	PART 2. Coral reefs, a reservoir of life
	Chapter 5. Reef corals of New Caledonia: a diverse and valuable heritage. Francesca Benzoni
	Chapter 6. Are reefs fertilized by seabirds? Anne Lorrain, Fanny Houlbrèque, Francesca Benzoni, Laura Tremblay-Boyer, Christophe Menkès, Claude E. Payri and Éric Vidal
	Chapter 7. The reefs’ quest for diazotrophs Valentine Meunier, Sophie Bonnet, Anne Lorrain, Mar Benavides, Mercedes Camps, Olivier Grosso and Fanny Houlbrèque
	Chapter 8. Crystal clear waters filled with microscopic organisms. Sophie Bonnet, Renaud Fichez, Cécile Dupouy and Martine Rodier
	Chapter 9. Tales of algae. Claude E. Payri, Laura Lagourgue, Lydiane Mattio, Julie Gaubert and Christophe Vieira
	Chapter 10. Marine invertebrates of New Caledonia. Gustav Paulay
	Chapter 11. The exceptional mollusk diversity of New Caledonia. Philippe Bouchet
	Chapter 12. Giant clams: jewels of New Caledonian reefs 
Cécile Fauvelot, Philippe Borsa, Serge Andréfouët, Josina Tiavouane, Simon van Wynsberge and Pascal Dumas
	Chapter 13. Sponges: miniature ecosystems within the reef 
Sylvain Petek
	Chapter 14. Fishes of New Caledonia unveiled. Michel Kulbicki, Laurent Vigliola, Laurent Wantiez and Gérard Mou-Tham
	Chapter 15. The precarious survival of fish larvae and juveniles 
Dominique Ponton, Laure Carassou and Philippe Borsa
	Chapter 16. Functional biodiversity in the lagoon. Laurent Vigliola, Nicolas Guillemot, Laurent Wantiez and Michel Kulbicki
	Chapter 17. Sea-snakes of the coral reefs of New Caledonia 
François Brischoux, Xavier Bonnet, Richard Shine and Claire Goiran
	Chapter 18. The trophic networks of coral reefs. Marine Julie Briand and Yves Letourneur
	Chapter 19. The New Caledonian lagoon: dolphins’ shelter and restaurant. Marc Oremus
	Chapter 20. Vulnerable and threatened: the seabirds of the Coral Sea. Philippe Borsa and Éric Vidal
	Chapter 21. Inventory of reef biodiversity for knowledge sharing. Éléonore Vandel, Sylvie Fiat, Jeanne de Mazières, Laurent Poncet and Pascale Joannot

	PART 3. Coral reefs: impacted but resilient
	Chapter 22. Reefs and anthropogenic pressures: from mine to lagoon Gilbert David
	Chapter 23. Metals and their impact on corals Tom Biscéré, Anne Lorrain, Riccardo Rodolfo-Metalpa, Richard Farman, Antoine Gilbert, Andy Wright and Fanny Houlbrèque
	Chapter 24. Super corals in New Caledonia can resist climate change Riccardo Rodolfo-Metalpa, Fanny Houlbrèque and Claude E. Payri
	Chapter 25. The 2016 coral bleaching event. Claude E. Payri, Francesca Benzoni, Laure. V. André and Fanny Houlbrèque
	Chapter 26. Islet mobility in the New Caledonian lagoon: vulnerability or resilience? Myriam Vendé-Leclerc and Manuel Garcin
	Chapter 27. Managing Acanthaster outbreaks: a challenge for the Pacific. Pascal Dumas and Mehdi Adjeroud

	PART 4. Words, practices and representations around the reefs
	Chapter 28. Three Millennia windward of coral reefs. Christophe Sand
	Chapter 29. Reefs, speech and people. Emmanuel Tjibaou
	Chapter 30. Cultural, subsistence and commercial fisheries in reef ecosystems. Catherine Sabinot, Gilbert David, Matthieu Juncker, Séverine Bouard, Camille Fossier, Julie Mallet and Floriane Kombouare
	Chapter 31. Reefs invertebrates: sustainable resources for local populations in New Caledonia? Pascal Dumas, Marc Léopold and Loïc Bourgine
	Chapter 32. Natural substances: hidden treasures. Sylvain Petek
	Chapter 33. The lagoon: a natural heritage and recreational space. Charles Gonson, Jocelyne Ferraris, Dominique Pelletier 
and Isabelle Jollit

	PART 5. Vulnerable species in a fragile environment. Management, protection and conservation
	Chapter 34. Managing emblematic species and reef ecosystems. Catherine Sabinot and Éric Vidal
	Chapter 35. Giant clams: a resource to preserve. Cécile Fauvelot, Pascal Dumas and Josina Tiavouane
	Chapter 36. Rare and endemic fishes, little-known players 
that must be preserved. Michel Kulbicki, Philippe Borsa, Gérard Mou-Tham, Laurent Vigliola and Laurent Wantiez
	Chapter 37. Where are the sharks? Laurent Vigliola, Jean-Baptiste Juhel, Laurent Wantiez and Michel Kulbicki
	Chapter 38. Emblematic fish species as flagships of participative ecology? Michel Kulbicki, Philippe Borsa, Gérard Mou-Tham, Laurent Vigliola and Laurent Wantiez
	Chapter 39. The marine turtles of New Caledonia. Tyffen Read and Richard Farman
	Chapter 40. Seabirds as sentinels of New Caledonian waters. Éric Vidal, Karen Bourgeois and Philippe Borsa
	Chapter 41. Dugongs: endangered lagoon mermaids. Christophe Cleguer and Claire Garrigue
	Chapter 42. Local knowledge to manage and regulate reefs 
Catherine Sabinot, Estienne Rodary, Marlène Dégremont, Victor David and Gilbert David
	Chapter 43. Towards planned management of reserves in New Caledonia. Laurent Wantiez, Emmanuel Coutures, Maël Imirizaldu, Michel Kulbicki and Laurent Vigliola
	Chapter 44. The challenges of modelling coral reef ecosystems. Morgan Mangeas, Antoine Wickel, Jean-Brice Herrenschmidt, Catherine Sabinot, Pierre-Yves Le Meur, Laurent Vigliola and Gilbert David
	Chapter 45. The law applicable to coral reefs of New Caledonia. Victor David
	Chapter 46. New Caledonian reefs and lagoons on the UNESCO World Heritage List. Myriam Marcon

	Epilogue. Didier Poidyaliwane
	Glossary
	Acronyms
	List of authors


