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New report applies the mitigation hierarchy and
deep-ocean science to determine risks and impacts
of deep-seabed mining

The current urgent focus on deep-seabed mining is driven
by two things: the argument that seabed minerals are neces-
sary to decarbonize our economies and mitigate climate
change (with a rush for minerals and metals used in tech-
nologies associated with renewable energy); and the Inter-
national Seabed Authority’s self-imposed  deadline to
complete the rules and regulations governing deep-seabed
mineral exploitation in international waters, thereby enab-
ling contracts for exploitation.

A report published in March  by Fauna & Flora
International responds to this critical issue, assessing the latest
scientific evidence. The report highlights the extraordinary
complexity of ocean ecosystems, providing a system-scale in-
sight into the connectivity of ocean chemistry, ecological func-
tion, the role of oceans in climate regulation and primary
production, and the interdependence of these processes to
maintain a healthy, functioning and productive ocean system.

The report found different policy and governance
regimes apply to national and international waters, and,
overall, governance of marine mining is fragmented and
inconsistent. Attempts to determine impacts of mining are
hampered by a significant lack of knowledge of deep ocean
biodiversity. Furthermore, different risks and impacts are
associated with the various methods of deep-seabed re-
source extraction. Some ecosystems are naturally highly
dynamic and may be resilient to perturbations and violent
physical disturbances associated with plate tectonics and
volcanic activity (e.g. metal sulphides associated with hydro-
thermal vents). However, research shows that most deep-
seabed ecosystems are very vulnerable, comprising highly
specialized biodiversity, with slow growing, long-lived spe-
cies. Evidence from projects monitoring pilot excavations
indicate that impacts to these systems are likely to be long-
term (in geological time frames) and widespread. All deep-
sea extraction methods require removal of entire substrates
from the ocean environment (e.g. phosphates, seafloor mas-
sive sulphides, cobalt crusts and polymetallic nodules).

Emerging science describes the complexities of ecosys-
tem function and the relationship between target mineral
resources, the biogeochemistry responsible for their for-
mation and the overall health and function of the ocean.
Deep-seabed mining will result in large-scale loss of habitat
(i.e. loss of substrates) and associated biodiversity, includ-
ing the unknown diversity of macrofauna and microbial
systems underpinning primary production, carbon dioxide
and trace metal sequestration and cycling, and will produce
sediment plumes that will disrupt ecological function and

behavioural ecology of deep-ocean species, smothering
fundamental ecological processes over vast (and difficult
to predict) areas. We simply do not know enough about
deep-sea ecosystems to predict impacts with any confidence.
However, through application of a mitigation hierarchy
approach, the report’s assessment reveals evidence for sig-
nificant and currently immitigable impacts of deep-seabed
mining on biodiversity.

The report raises the importance of poorly understood
biogeochemical processes that drive ocean chemistry and
ecological functions and highlights recent science that
builds a strong case for the important role of deep-sea bio-
logical systems in driving planetary carbon sequestration.
Deep-seabed mining has the potential to cause disruption
and potential collapse of these processes and could exacer-
bate our current crises of climate change and biodiversity
loss. Combined with the considerable gaps in the knowledge
of ocean complexity and how this relates to earth-system
processes, there is no adequate basis on which to grant
mining exploitation contracts.
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Searching for Vatica pentandra, a tree endemic to
Kalimantan and known only from a single collection
in 1955

Vatica pentandra (Dipterocarpaceae) is an endemic tree
found only in Kutai Kartanegara Regency, East Kalimantan
Province, Indonesia. The species is categorized as Critically
Endangered on the IUCN Red List using criteria Ac,
Ca, D, which focus on population size and reduction
(P. Ashton, , dx.doi.org/./IUCN.UK..RLTS.
TA.en). The tree is known from only a single
collection, made in  along the Belayan River near
Tabang District (P. Ashton, , Gardens’ Bulletin,
Singapore, XXXI, –). There has been no further record
of this tree, and it is not known to be present in any ex situ
conservation collections (BGCI, , PlantSearch database).

To provide information for an updated assessment of this
threatened species, we conducted a survey in February 
in a total of  localities along the Belayan River, within
the villages of Sungai Lunuk, Umaq Dian and Gunung Sari
in Tabang District and Long Beleh Village in Kembang
Janggut District. We tried to survey as wide a range of habi-
tats as possible: from hilly, upstream areas of Sungai Lunuk
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Village to flat, downstream areas of Long Beleh Village. The
elevation range of the surveyed areas was – m. Despite
these searches, which included the likely type locality described
on herbarium specimens, we did not locate V. pentandra.

We believe that extensive loss of forests, to oil palm plan-
tations and coal mining, is the most likely reason for our
failure to relocate V. pentandra. In addition, forestry com-
panies are extracting timber from forests along the Be-
layan River. With these forests greatly reduced and frag-
mented, the areas we surveyed are some of the last remain-
ing forested areas along this river.

Although we recommend further surveys for V. pentan-
dra, especially in upstream areas of Belayan River, in the
northern Tabang Regency where forests are still in relatively
good condition, we are able to update the conservation as-
sessment of this species. Based on the findings of our survey,
we reassess V. pentandra as Critically Endangered based on
criteria Acd; i.e. with more than % suspected population
reduction in the last three generations (A) based on a
decline in area of occupancy, extent of occurrence and/or
habitat quality (c), and potential level of exploitation (d).
The forests of Kalimantan continue to be affected by conver-
sion and degradation, and our updated assessment of this
endemic tree species is an urgent call for the conservation
of this and the other species of these forests.
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Conserving the poorly known and threatened
monkey-frogs of the Brazilian Cerrado highlands

Amphibians are the most threatened vertebrate group, with
at least % of species categorized as threatened (The IUCN
Red List of Threatened Species, v. -, iucnredlist.org). Of
these, % are categorized using geographical distribution
criteria (B or B, or D for Vulnerable). These are also the
criteria most commonly used for Amphibia in Brazil (ICMBio,
, Livro Vermelho da Fauna Brasileira Ameaçada de
Extinção). Therefore, adequate knowledge of geographical
distributions and valid taxonomy are essential for accurate
species categorization.

The genus Pithecopus (Phyllomedusidae) comprises 

species, of which four are endemic to the highlands of the
BrazilianCerrado. Theymainly occur in environments threat-
ened by habitat loss caused by mining, silviculture, livestock,
fires and unsustainable tourism (Silveira et al., , Plant and

Soil, , –). Pithecopus ayeaye is categorized on the
IUCN Red List as Critically Endangered, and Pithecopus
centralis, Pithecopus megacephalus and Pithecopus oreades as
Data Deficient. However, on the Brazilian Red List these spe-
cies are categorized as Least Concern, except for P. centralis,
which is categorized as Near Threatened. Being endemic,
the global and national Red List categorizations for these four
species should be identical. To rectify this, and to resolve un-
certainties regarding geographical distributions and species
delimitations, we obtained a research grant from the Criti-
cal Ecosystem Partnership Fund, implemented by Instituto
Internacional de Educação do Brasil (International Education
Institute of Brazil) to () investigate the species’ geographical
distribution, through fieldwork, () delimit species using ge-
nomic tools, () refine the species’RedList assessments, () char-
acterize larval ecological requirements and () assess the impacts
of water contaminants and landscape degradation on the
species.

We conducted fieldwork during October –February
, searching for the species in locations identified
through a combination of ecological niche modelling and
predictive distribution mapping (Silva & Alves-Silva, ,
Zootaxa, , –). We recorded one new location
for P. megacephalus, four for P. ayeaye, and  for P. oreades,
and located  new populations that need further work for
taxonomic assignment. Once this has been completed, we
will be able to prioritize populations (for proposals of
new private reserves), update Red List categorizations, and
define priority areas for conservation. In addition to sup-
port from the Critical Ecosystem Partnership Fund and
Instituto Internacional de Educação do Brasil, this project,
which will finish at the end of , involves a partner-
ship between one non-governmental organization, five
Brazilian universities, and several researchers, students
and managers.
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