Functional disharmony of the flora of New Caledonia:
filtering effect of ultramafic soils and metal
accumulation syndrome
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Abstract

New Caledonia, an archipelago in the Southwest Pacific, is renowned as one of the world’s
most significant biodiversity hotspot. The archipelago is also recognized as a hotpot for
plants growing on metal-rich soils, as more than 70% of the endemic flora and 63% of species
occur on ultramafic (i.e. metal-rich and nutrient deficient) soils. The chemical and physical
adversity of ultramafic soils have driven some plants into spectacular transformations, includ-
ing the evolution of trace element hyperaccumulation. The syndrome is known from many
species in New Caledonia, although a systematic assessment is currently lacking. To gain in-
sight into the full diversity of hyperaccumulation we determined metal concentrations (nickel
and manganese) of the entire ultramafic flora using X-ray Fluorescence Spectroscopy (XRF)
in herbarium specimens (NOU). This assessment comprises of a total of 711 200 specimens
in 35 orders, 96 families, 281 genera, 1484 species covering 88.5% of the ultramafic flora.
The mass screening resulted in the recording of 92 Ni and 70 Mn hyperaccumulator taxa,
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belonging to 12 and 22 families respectively; confirming that New Caledonia is a hotspot
for these globally rare plants. Hyperaccumulator plants are phylogenetically clustered in
a few major clades, especially the Oxalidales and Malpighiales, followed by the Proteales,
Gentianales and Ericales. At lower taxonomic ranks, there is a strongly unbalanced distri-
bution of hyperaccumulators in few major families (e.g. Phyllanthaceae, Cunoniaceae), and
even few genera (e.g. Phyllanthus). The disharmony of the New Caledonian flora has been
ascribed to the over-representation of groups associated with ultramafic soils, which might
have been accentuated by the evolution of metal accumulation syndrome in a few distinct
lineages. The results of this study suggest that ecological filtering and physiological prereq-
uisites to metal-enriched soils have been of major importance in the phylogenetic assemblage
of the flora. Several distinctive biogeographical factors of New Caledonia (i.e. the extend
and old age of ultramafic soils, the isolation of ultramafic massifs) might have further pro-
moted diversification and endemism of (pre-)adapted lineages. Current lines of research aim
to explore the adaptive benefit of hyperaccumulation, in particular elemental allelopathy and
plant-insect interactions in selected model groups.
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