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Fig. 24.1 Examples of threats to the endemic-rich biodiversity of the oceanic islands of the Gulf of
Guinea: (1) Fire and agriculture shape the landscape in the driest portions of northern Sao Tomé;
(2, 3) Small plots of horticulture around Bom Sucesso threaten the endemic-rich montane forests of
Sao Tomé, encroaching on Sdo Tomé Obo Natural Park; (4) Illegal selective logging is widespread
on Sdo Tomé; (5) Several introduced species, such as the Mona Monkey Cercopithecus mona
(Schreber, 1774) threaten ecosystem function; (6) Charcoal production is widespread but particu-
larly intensive in the drier north of Sdo Tomé; (7) Hunting threatens several endemic birds, such as
the Endangered Sao Tome green-pigeon Treron sanctithomae (Gmelin, 1789); (8) Longline fishing
(baited hooks linked to short lines attached to a long main line) is a damaging practice that destroys
the ocean floor and results in bycatch and discarded fishing gear. Photo credits: (1-3, 6) Jean-
Baptiste Deffontaines, (4, 5) Ricardo F. de Lima, (7) Ricardo Rocha, (8) Luisa Madruga
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threaten biodiversity, the livelihoods of coastal communities, and food security on
the islands in the long term. The exploration of mineral resources in the oceans is
increasingly a threat since large deposits of petroleum were found offshore in
the 1990s. These are yet to be extracted but are already boosting the economy of
the island (Frynas et al. 2003). Finally, there is also evidence that the waters around
Annobén have been used to dump large quantities of toxic waste and that these
activities have affected its marine life (Wood 2004).

Conservation Initiatives

Early in the twentieth century, several authors expressed concerns about the envi-
ronmental implications of deforestation linked to the expansion of cocoa plantations
on the islands, mentioning several actions to ensure the future of remaining forests,
such as the protection of mountaintops (e.g., Campos 1908; Henriques 1917). These
might be the first conservation safeguards known to take place on the islands.
However, the collapse of the economy based on export crops (Eyzaguirre 1986),
the focus of colonial scientific research on agricultural production, the poor local
capacity and, later on, political instability linked to the post-independence period
(Cruz 2014) meant that, for many decades biodiversity research was fairly limited
(Cerfaco et al. 2022b). Only in the late 1980s, the first initiatives based on modern
principles of conservation (Soulé 1985) started taking shape, following a few
successful expeditions to the islands (Jones and Tye 1988; Jones et al. 1991;
Atkinson et al. 1991).

In 1993, a workshop took place in Jersey (United Kingdom), bringing together
several scientists to assess knowledge on the biodiversity of the Gulf of Guinea
islands (including Bioko) and define priorities for future research and conservation
action (Juste and Fa 1994). The Gulf of Guinea Conservation Group emerged from
this meeting and was the umbrella under which many scientists visited the islands
over the next two decades, in great part thanks to the efforts of Angus Gascoigne,
who resided in Sdo Tomé and facilitated links to local institutions (Melo 2012).

Also, in 1993, the European Commission started funding the ECOFAC program,
aiming to promote the conservation and sustainable use of forest ecosystems in
central Africa (Table 24.1). Besides promoting numerous studies, ECOFAC was
fundamental to many of the conservation efforts that have since taken place in Sao
Tomé and Principe (Fig. 24.2), such as the establishment of terrestrial protected areas
and other environmental legislation, the creation of the Bom Sucesso Botanical
Garden and Sdo Tomé and Principe National Herbarium (STPH; NYBG 2021),
and the training of many islanders and foreigners that still work toward conservation
on the islands. The Global Environment Facility has been another key source of
funding for conservation on the islands over the last two decades (Table 24.1). More
recently, other sources of funding, such as the Critical Ecosystem Partnership Fund
(CEPF 2021) or the Rufford Small Grants for Nature Conservation (The Rufford
Foundation 2021) have allowed smaller projects to develop important
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Fig. 24.2 Examples of conservation initiatives that have been taking place in the oceanic islands of
the Gulf of Guinea: (1) Sign marking the boundary of the Sdo Tomé Obo Natural Park; (2) Small
trees being distributed in a school in the buffer zone of the Sdo Tomé Obd Natural Park; (3) An Obd
guardian surveying the forests of Sdo Tomé; (4) The orchidarium at the Bom Sucesso Botanical
Garden in Sao Tomé; (5) Sea turtle hatcheries are used to protect nests at risk from feral animal
predation, poaching and beach erosion in Sdo Tomé and Principe; (6) Inspection of illegal logging
activities in a forest in Principe; (7) Freshwater macroinvertebrates surveys in Rio Papagaio,
Principe; (8) Young parabotanist surveying tree diversity in Principe. Photo credits: (1) Ricardo
F. de Lima, (2) Raphaela Nazaré, (3, 4, 6) Jean-Baptiste Deffontaines, (5) Maria Branco, (7, 8)
Vasco Pissarra | Fundagéo Principe
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complementary tools for conservation. Previous phases of ECOFAC have also
covered Equatorial Guinea, where it coincided with the EU-funded project of
Conservation and Rational Use of Forest Ecosystems (Conservacién y Utilizacion
Racional de los Ecosistemas Forestales—CUREF 1996-2001), aiming to describe
ecosystems, to promote sustainable use of natural resources, and to create a network
of protected areas (Garcia and Eneme 1997, Angela Formia pers. comm.). However,
it is unclear how these have contributed to creating the Annobdn Nature Reserve or
any other conservation initiative on the island.

Since 2016, there has been a noticeable and much needed increased investment in
coastal and marine conservation, focusing on sustainable fisheries through engage-
ment with coastal fishing communities (Table 24.1), namely through the Omali vida
non project in Principe (Nuno 2019; FFI et al. 2021; Fundagao Principe 2021d), and
the Kike da mungu project in S3o Tomé (Oikos and MARAPA 2021). Building on
these, since late 2018, Fauna & Flora International, in close collaboration with the
government authorities, has partnered with Fundacdo Principe, Oikos, and
MARAPA to establish a network of co-managed marine protected areas across
Sdo Tomé and Principe (BAF 2018). There have been significant efforts for the
conservation of sea turtles on both of these islands (Associa¢do Programa Tat6 2021;
Fundagdo Principe 2021a; Ferreira-Airaud et al. 2022). There has also been some
research on cetaceans in Sdo Tomé (MARAPA 2021b), and in June 2021 a project
has been approved to study the little known but highly threatened shark populations
of Sdo Tomé and Principe (NGANDU 2021).

Parallel to increased funding, civil society awareness toward conservation has
also greatly increased over the past few decades, which is clearly reflected in the
number and impact of local environmental non-governmental organizations (Ayres
et al. 2022). MARAPA has been active in marine conservation initiatives for Sao
Tomé Island, promoting sustainable fisheries and environmental education since its
creation in 1999 (MARAPA 2021a). Associagdo Monte Pico emerged in 2006 from
a group of Santomeans trained by ECOFAC; it has been working for sustainable
ecotourism and rurality, and supporting scientific research and the management of
protected areas (Associagdo Monte Pico 2021). Founded in 2015, Fundacdo Principe
focuses on marine and terrestrial biodiversity conservation and the socio-economic
development of Principe Island, in close partnership with regional authorities and
communities (Fundacdo Principe 2021b). Since 2017, Rede.Bio has brought
together seven environmental NGOs from Sdo Tomé and Principe to promote
integrated and sustainable development based on the protection and valorization of
the natural heritage of the country, namely by reinforcing the participation of civil
society in environmental governance (Rede.Bio 2021). Most recently, on October
16, 2020, the Gulf of Guinea Biodiversity Center had its inaugural meeting, bringing
together national and international scientists and conservationists in an initiative that
aims to facilitate research, education, and conservation of the unique diversity of the
plants and animals of the islands (GGBC 2021).

Several international environmental organizations have also increased their pres-
ence in Sdo Tomé and Principe. BirdLife International has had a long-term interest in
these islands and has been increasing its presence especially since 2012, working
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with park authorities and other governmental institutions, and with communities to
promote research, conservation, and empowerment. In 2018, BirdLife opened an
office in country (BirdLife International 2021d). Fauna & Flora International has
been working closely with Fundacdo Principe since its inception in 2015, to build
conservation capacity, conduct research, raise environmental awareness, and diver-
sify the livelihoods of communities on Principe (FFI 2021). Oikos—Cooperagdo e
Desenvolvimento has had a growing presence in Sd3o Tomé and Principe since 2015,
working toward the rational use of natural resources and enhanced livelihood in
communities (Oikos 2021). In 2018, the international NGO Associa¢do Programa
Tatd was created to continue the work on marine conservation focusing on sea turtles
that had been initiated by ECOFAC and MARAPA on Sao Tomé (Associacdo
Programa Tat6 2021).

Little is known about conservation initiatives on Annobodn, besides a few small
conservation projects led by the national NGO Amigos de Natureleza y Desarollo de
Guinea Ecuatorial (ANDEGE).

Over the last few decades, the Sdo Tomé and Principe and Equatorial Guinea
governments have also shown a strong national and international commitment to
developing policies aiming to ensure the conservation of biodiversity (Appendix). In
Sao Tomé and Principe, environmental responsibilities are split between the General
Directorate for the Environment (part of the Ministry of Infrastructures, Natural
Resources and Environment), the Fisheries Directorate, and the Forest and Biodi-
versity Directorate (both part of the Ministry for Agriculture, Fisheries and Rural
Development). Principe is an autonomous region that has its own Regional Govern-
ment, where environmental responsibilities are also split but following a distinct
organization. This complex administrative structure, which often changes when a
new government takes power, hinders progress and post-project sustainability of
conservation initiatives. In Equatorial Guinea, the National Institute for Forestry
Development and Protected Areas Management INDEFOR-AP) from the Ministry
of Agriculture and Forests has developed a national network of protected areas and is
responsible for environmental and wildlife conservation but little is known about the
local government structure in the province of Annobén.

Threatened Species

The oceanic islands of the Gulf of Guinea hold several hundred endemic species, a
number that will certainly increase as new endemics are still being described every
year, even among the best-known taxonomic groups (de Lima 2016). Many of the
endemic species are at risk of extinction and only terrestrial vertebrate species have
been thoroughly evaluated (IUCN 2021). Out of 67 endemic species of terrestrial
vertebrates, 58 have been assessed, and 18 are threatened. These include 11 birds
(Melo et al. 2022), three mammals (Rainho et al. 2022), one reptile (Cerfaco et al.
2022c), and three amphibians (Bell et al. 2022). Of these species, four are Critically
Endangered, ten are Endangered, and four are Vulnerable. Among terrestrial
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vertebrates, there are also seven Data Deficient, seven Near Threatened, and nine
species that are not recognized or have not been assessed. Finally, both Principe and
Sao Tomé have populations of the non-endemic Endangered Gray Parrot Erithacus
psittacus Linnaeus, 1758.

Scientific research in coastal and marine environments is still scarce and mostly
dedicated to studies of ichthyofauna. Fishes are the only non-terrestrial vertebrate
group with endemic species (but see Flood et al. 2019). Out of 15 endemic species
(Costa et al. 2022), only eight have been assessed (IUCN 2021): three Vulnerable
and five Data Deficient. There are also large numbers of non-endemic fish species
that are threatened including 6 Critically Endangered (all cartilaginous fishes),
15 Endangered (only two bony fishes), and 28 Vulnerable species (of which
16 are bony fishes). Additionally, 58 species are Data Deficient (all bony fishes)
and nine are Near Threatened (including three cartilaginous fishes). The remaining
threatened marine vertebrates are the Critically Endangered Hawksbill Turtle
Eretmochelys imbricata (Linnaeus, 1766), the Endangered Green Turtle Chelonia
mydas (Linnaeus, 1758), the Vulnerable Sperm Whale Physeter macrocephalus
Linnaeus, 1758, and three Vulnerable sea turtle species (Ferreira-Airaud et al.
2022). Additionally, there are also the Data Deficient Killer Whale Orcinus orca
(Linnaeus, 1758), the Near Threatened False Killer Whale Pseudorca crassidens
(Owen, 1846), and ten Least Concern cetacean species (Carvalho et al. 2022).

Very few endemic terrestrial invertebrates have been assessed by the [UCN: four
mollusks, two crabs, one butterfly, and one dragonfly species, of which half are Data
Deficient, two Near Threatened, one Least Concern, and only the Vulnerable Bizio-
d’Obd Archachatina bicarinata (Bruguiere, 1792) is classified as threatened.
Among the endemic marine invertebrates, only 23 species of mollusks have been
assessed, all of which are Data Deficient, apart from the Vulnerable Haliotis geigeri
Owen, 2014.

Among plants, 272 species have been assessed (IUCN 2021) out of a total that
should exceed 1700 species (Garcia et al. 2022; Stévart et al. 2022). Out of almost
200 endemic plant species, only 49 have been assessed. These include two Extinct,
two Critically Endangered, 14 Endangered, 22 Vulnerable, and 7 Near Threatened.
Additionally, there are seven Endangered, 11 Vulnerable, 6 Near Threatened, and
1 Data Deficient plant species that are not endemic. Considering ongoing work,
especially focusing on describing and red-listing seed plant species (Fundacdo
Principe et al. 2021), it is evident that these numbers will greatly increase soon
(Stévart et al. 2022). The situation is even more dire when it comes to fungi, a group
for which Red List evaluations are scarce, with none of the species of the oceanic
islands of the Gulf of Guinea assessed so far (Desjardin and Perry 2022).

In 2004, amphibians, mammals, and birds were fully assessed for the first time
(TUCN 2021). At that point, there were 38 recognized endemic species in these
taxonomic groups, of which there were 14 threatened species (five Critically Endan-
gered, three Endangered, and six Vulnerable), compared to the current 17 threatened
species (four Critically Endangered, nine Endangered, and four Vulnerable) out of
45 recognized endemics. These trends reflect mostly an improvement of knowledge,
showing that even among some of the best-studied groups there have been major
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changes not only in the Red List status but also in taxonomy. The high numbers of
species that are still being described, that have not yet been assessed, or that remain
Data Deficient attest to the urgent need for future work in the region. There has been
an attempt to list species at the national level in Sdo Tomé and Principe (Gascoigne
1995), but in recent years all assessments have been directly linked to the [UCN Red
List because most species of interest are endemic, and therefore national assessments
are also global.

In addition to the IUCN Red List, there are other tools to define priorities for
species conservation. The EDGE of Existence is an example that combines the
TUCN Red List status with the amount of unique evolutionary history represented
by species of terrestrial vertebrates, cartilaginous fishes, and corals (EDGE 2021).
This program has identified 31 species on the islands, including 16 cartilaginous
fishes, one amphibian, three sea turtles, one cetacean, and ten birds as high priority.
The Critically Endangered Dwarf Olive Ibis Bostrychia bocagei (Chapin, 1923), and
the Endangered Newton’s Grassland Frog Ptychadena newtoni (Bocage, 1886)
ranked the highest among terrestrial species, while the Critically Endangered
Hawksbill Turtle and the Endangered Whale Shark Rhincodon typus Smith, 1828
ranked the highest in the ocean.

After identifying priority species for conservation, it is also essential to define
strategies for conservation action. In these islands, so far only the Critically Endan-
gered birds (Ndang’ang’a et al. 2014a, b—currently under review, Fundagfo
Principe 2021c) and the Vulnerable Bizio-d’Obd (Panisi et al. 2020) have Species
Action Plans dedicated to defining priority activities for conservation, further
highlighting the long road ahead toward defining conservation priorities and
implementing effective conservation action.

Site-Based Conservation

Several assessments have identified areas of global conservation relevance in the
oceanic islands of the Gulf of Guinea (Fig. 24.3). The islands include three Alliance
for Zero Extinction sites: “Principe Forests” (5712 ha), “Sao Tome Uplands”
(28,660 ha), and “Sao Tomé Lowland Forests” (21,833 ha—AZE 2019). These
largely coincide with Key Biodiversity Areas (“Principe Forests”: 5708 ha; “Sao
Tomé Montane and Cloud-forests”: 4839 ha; and “Sdo Tomé Lowland Forests”:
21,832 ha—currently under review), of which there are five more on the islands:
“Annob6n” (2891 ha), “Tinhosas Islands” (18 ha), “Sdo Tomé Northern Savannas”
(526 ha), “Parque Natural Obd de Sao Tomé e Zona Tampao” (45,132 ha), and
“Zona Ecolégica dos Mangais do Rio Malanza” (231 ha—BirdLife International
2021c). The Tinhosas are a Ramsar site, due to their important seabird colony, as is
the whole island of Annobén and surrounding waters (230 km?), mostly due to the
threatened species and ecological assemblages it supports (Ramsar 2021). As part of
the “Congolian Coastal Forests,” the “Sao Tomé, Principe and Annob6én moist
lowland forests” (WWF 2019) are listed as Critical or Endangered Terrestrial




658 R. F. de Lima et al.

1 Terrestrial nuciear
B Terrestrial buffer
I Terrestrial transition

= Zona Ecoldgica dos Mangais 6o Rio Malanza
Pargue Natural Obd de S50 Tomé e Zona Tampdo

- Maring ruckesr 580 Tomi lowland forests
,Haune bul!!v. [ 550 Tomdé montane and cloud-forests
. Maring transition 2 3580 Tomé norhern savannas
o 10 20 30 km
G 1] 5 10 15 km
I

{ S0 YT msan Tome 068 Natural Pack
3 ) Buffer zone
= ' High Conservation Value (preliminary)

0 5 10 15 km 1] 5 10 km

[ — ] —
Fig. 24.3 Map of sites prioritized for conservation in the oceanic islands of the Gulf of Guinea: (1)
Principe Biosphere Reserve (UNESCO 2021); (2) Sdo Tomé Key Biodiversity Areas (BirdLife
International 2021c); (3) Sao Tomé Obo Natural Park, buffer zone and preliminary High Conser-
vation Value areas (BirdLife International et al. 2020; UNEP-WCMC and IUCN 2021); (4)
Annobdn Nature Reserve (UNEP-WCMC and IUCN 2021). The nuclear terrestrial area of the
Principe Biosphere Reserve corresponds to the Principe Natural Park, and the buffer corresponds to
the buffer of the Natural Park. To the southwest of Principe Island, the marine protected areas
demarcated around the Tinhosas Islets are a Ramsar site and a Key Biodiversity Area. The
boundaries of the Sdo Tomé lowland forests Key Biodiversity Area are not aligned with the contour
of the island and will be revised in the ongoing national reassessment of Key Biodiversity Areas

Ecoregions of the World (Olson and Dinerstein 2002) and have been identified
among the most important ecoregion for the conservation of forest-dependent birds
worldwide (Buchanan et al. 2011). Due to the unique assemblage of bird species,
each of the main islands is a separate Endemic Bird Area, and they rank on the three
highest priority categories of this assessment: Sdo Tomé is critical, Principe is
urgent, and Annobodn is high (Stattersfield et al. 1998; BirdLife International
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2021b). Since 2012, Principe has been recognized as a UNESCO Biosphere Reserve
that includes the Tinhosas, all other islets around the main island, and 576 km? of
surrounding marine environment (UNESCO 2021).

As aresult of its rich and productive marine life, the region has three Ecologically
or Biologically Significant Marine Areas: “Tinhosas Islands,” ‘“Lagoa Azul and
Praia das Conchas,” and the “Equatorial Tuna Production Zone” (CBD 2021).

At the national level, each island has one protected area: the Annob6n Natural
Reserve, created in 2000 includes the whole island and surrounding marine envi-
ronments (230 kmz), the Sdo Tomé Obo Natural Park (252 kmz), and the Principe
Obd Natural Park (45 kmz), both created in 2006, the latter also including a strip of
coastal ecosystems (Fig. 24.3, Appendix—UNEP-WCMC and IUCN 2021). The
last two cover the wettest and most rugged portions of each island, where the best-
preserved forests remain and are critical for the survival of many endemic species,
especially the most threatened (e.g., de Lima et al. 2017; Soares 2017; Fundacdo
Principe 2019; Soares et al. 2022). Taken together, they were assessed as the 32nd
most important protected area in the world for the conservation of mammals, birds,
and amphibians, the 17th if only threatened species are considered, and the 2nd ex
aequo if only threatened bird species are counted (Le Saout et al. 2013). Unfortu-
nately, despite having management plans (Albuquerque and Carvalho 2015a—-d—
currently under review) and receiving significant funding (Table 24.1), the effective
implementation and success of both parks is lacking, largely due to a lack of stable
and reliable sources of funding (BirdLife International 2019). A sustainable finance
plan for protected areas and biodiversity is currently assessing best-revenue options,
while several initiatives are already promoting implementation (Natural Strategies
2021). In Sao Tomé and Principe, the first efforts to create marine protected areas are
only now taking place (Table 24.1—FFI et al. 2021).

There have been several national initiatives in recent years aimed at identifying
additional areas that are relevant for conservation, beyond the strict concept of
protected areas (Fig. 24.3). The laws that created both Ob6 Natural Parks (Appendix)
envisaged the existence of a buffer zone, which would extend at least 250 m around
the park boundaries, whenever possible, to work as a transition zone that would
minimize the impact of human activities in the core protection area. These buffer
zones are widely recognized and have received international funding (Table 24.1),
but their boundaries and regulations were never clearly defined, and seem to have
limited success at minimizing human impacts (Ward-Francis et al. 2017). Since
2018, BirdLife International has been leading the identification of High Conserva-
tion Values areas in Sdo Tomé terrestrial and coastal ecosystems (BirdLife
International et al. 2020), an initiative that is now being extended to Principe
(D’Avis 2022). Since 2016, the Ministry of Infrastructures, Environment and Nat-
ural Resources of Sao Tomé and Principe, funded by the African Development Fund
(Table 24.1) has been working on a national land planning initiative, which has
identified large extents around the protected areas on each island as Conservation
Areas (MIRNASTP 2021).
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These initiatives should be continuously revised, since current knowledge on the
distribution of biodiversity is still limited (Dauby et al. 2022; Soares et al. 2022).
Ideally, these should be mostly based on the prioritization of ecosystem types to
ensure that the best-preserved and most unique components of biodiversity are
maintained. So far, the typification of ecosystems on the islands is not yet well
established (Dauby et al. 2022). Areas at higher altitudes harbor endemic-rich and
threatened ecosystems, even though biased sampling has limited our understanding
of patterns along the altitudinal gradient (Stévart et al. 2022). The characterization
and distribution of spatially restricted ecosystems, such as wetlands and coastal or
rupicolous forests, constitutes a particularly pertinent challenge, since these hold
specific plant associations (Diniz and Matos 2002; Dauby et al. 2022) and have
unique ecologies that ensure key ecosystem services (e.g., Afonso et al. 2021) and
thus deserve targeted conservation action. The peculiar palustrine system of Lagoa
Amélia in Sao Tomé is one such example, holding several species that have highly
restricted ranges (e.g., Stévart and Oliveira 2000) and the source of the springs that
feed all main rivers in the north of the island. In this regard, the newly developed
TUCN Red List for Ecosystems (Keith et al. 2015) might prove an invaluable tool.

Concluding Remarks

Principe, Sdo Tomé, and Annobdn are widely recognized as global priorities for
biodiversity conservation, mostly due to their extraordinary number of endemic
species. The value of their biodiversity is also promptly acknowledged by the
islanders for the valuable services they provide and is engrained in the local culture.
Nevertheless, the fast-growing population and economy, heavily reliant on the
exploitation of natural resources, are threatening the long-term persistence of this
precious natural heritage. Knowledge, awareness, attitudes, and investment in the
conservation of the endemic-rich biodiversity of the islands have improved in recent
decades but not fast enough to counteract the growth of anthropogenic pressure on
natural resources. Remoteness and insularity, a colonial past and conflicting land
tenure structures since independence, inadequate legal frameworks, weak institu-
tional capacity to monitor and enforce laws, social inequity, and poor governance, all
contribute to the environmental deregulation that threatens the biodiversity of the
islands. While natural resources, like forests and fisheries are state-controlled in
theory, high rates of non-compliance mean that these are de facto open access.
Although our knowledge of the biodiversity of the islands is still very incomplete,
key priorities for conservation are mostly clear and should be the focus of future
conservation activities. The exceptions are marine environments and Annobdn,
where biodiversity remains particularly understudied. Current knowledge must be
used to expand the network of protected areas in marine and terrestrial environments,
and to ensure effective protection of the best-preserved and keystone ecosystems.
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Likewise, management mechanisms that enhance the role of biodiversity for devel-
opment, for instance through ecotourism, sustainable extraction of forest products,
or payment for ecosystem services should be implemented. More broadly,
biodiversity-friendly practices and alternative livelihoods should be mainstreamed
into the economic and social development of communities to reduce pressure on
natural resources by maintaining diverse agroforests, promoting sustainable levels of
resource exploitation (e.g., fisheries, hunting, or timber logging), or even enhancing
the biodiversity value of sites through business-based restoration mechanisms. More
specific activities might also be necessary and highly beneficial for sensitive species
or ecosystems, as is the case of restoring degraded wetlands, protecting sea turtle
breeding sites, controlling invasive species, or even promoting conservation ex situ
of highly threatened species.

There have also been an increasing number of initiatives aiming to improve
environmental awareness on the islands (Ayres et al. 2022), which is vital to boost
public support and locally-led initiatives, ultimately contributing toward more robust
conservation. In addition, making biodiversity information more accessible (e.g.,
GBIF 2021) will strengthen local capacity and engagement in conservation. All
these actions would benefit from continued research, but enough is already known to
make biodiversity conservation a political priority and to improve conservation
management.

The success of conservation on the islands will ultimately rely on public support,
therefore it is pivotal to continue listening, informing, training, and engaging island
inhabitants and institutions, to ensure that conservation projects are inclusive. Much
has already been done in this regard, and conservation initiatives are increasingly
moving toward integrating local needs and sensibilities, particularly through
enhanced investment in in-country leadership for successful conservation. Never-
theless, there is still a difficult road ahead, as it is not always straightforward to
balance biodiversity conservation with human needs to find truly sustainable devel-
opment models. Reaching economic development and conservation goals must
center on empowerment and equity, while considering trade-offs in a transparent
and participatory approach. Only by promoting the involvement of diverse stake-
holders working toward a shared vision, and through the co-development of inte-
grative strategies, will we be able to ensure a thriving future for the unique
biodiversity and human inhabitants of the islands.
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Appendix: International Agreements and National
Legislation and Strategies Relevant to Biodiversity
Conservation

International agreements adhered to by the Democratic Republic of Sdo Tomé and
Principe (STP) and the Republic of Equatorial Guinea (EG):

Framework Convention on Climate Change (1992 — STP; 2000 — EG)
Convention on International Trade in Endangered Species of Wild Fauna and
Flora (1992 — EG; 2001 — STP)

Convention to Combat Desertification (1994 — EG; 1995 — STP)

Convention on Biological Diversity (1995 — EG; 1998 — STP)

Kyoto Protocol (2000 — EG; 2008 — STP)

Bonn Convention on the Conservation of Migratory Species of Wild Animals
(2001 — STP; 2010 - EG)

Ramsar Convention on Wetlands of International Importance Especially as
Waterfowl Habitat (2003 — EG; 2006 — STP)

Convention concerning the Protection of the World Cultural and Natural Heritage
(2006 — STP; 2010 - EG)

Agreement on Port State Measures to Prevent, Deter and Eliminate Illegal,
Unreported and Unregulated Fishing (2016—STP)

Nagoya Protocol on Access and Benefit Sharing (2017 — STP)

Biodiversity conservation legislation—STP (Carvalho and Baia 2012):

Law 10/99 — Basic Law for the Environment

Law 11/99—Conservation of Fauna, Flora and Protected Areas
Decree-Law 37/99—Environmental Impact Assessment Process

Law 5/01—Forests

Law 9/11—Fisheries and Fishery Resources (currently under revision)
Law 6/06—Sao Tomé Obd Natural Park

Law 7/06—Principe Obd Natural Park

Regional Decree 3/09—Protection and Conservation of Sea Turtles
Decree Law 6/14—Capture and commercialization of sea turtles and their
products

Decree Law 1/16—Hunting regulation

Biodiversity conservation legislation—EG (Osono et al. 2015):

Law 8/88—Wild Fauna, Hunting, and Protected Areas
Law 1/97—Forest Use and Management

Law 1/00—Taxation on timber exports

Law 4/00—Protected Areas

Law 7/03—Environment

Law 10/03—Fishing

Law 3/07—Water and Coasts

Law 4/09—Land tenure
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e Decree Law 130/04—Fishing

e Decree Law 171/05—Biodiversity Conservation National Strategy and
Action Plan

¢ Decree Law 172/05—Trade of wild threatened species of flora and fauna

e Decree Law 173/05—Environmental inspection

e Decree Law 61/07—Timber exportation

e Decree Law 72/07—Primate hunting, selling, consumption, and ownership

* Decree 60/02—National Institute for Forest Development and Management of
the National Protected Area Network

National strategies for biodiversity conservation—STP:

* National Environmental Plan for Sustainable Development (RDSTP 1998)

e Strategic Plan for Tourism Development (UNDP 2001)

» National Forest Development Plan (Salgueiro and Carvalho 2001; Carvalho et al.
2017)

* National Action Plan for Climate Change Adaptation (NAPA 2006)

¢ Fisheries Master Plan (MAPDRSTP 2010)

e Strategy and National Action Plan for Developing the Sector of Non-Timber
Forest Products (Bonfim et al. 2016)

* Multisectoral Investment Plan to Integrate Climate Change Resilience and the
Risk of Catastrophes in Coastal Management (Carrasco et al. 2017)

¢ National Land Use Plan (MIRNASTP 2021)

* Sustainable Development Plan for the Autonomous Region of Principe: Principe
2030 (UNDP 2019)

* National Plan for Forest and Landscape Restoration (Ant6nio et al. 2021)

National strategies for biodiversity conservation—EG (Osono et al. 2015):

* 2020 National Plan for Economic and Social Development

* National Plan for Environmental Management

* Biodiversity Conservation National Strategy and Action Plan
* National Land Use Plan

* National Protected Area Network

* National Forest Policy Plan

* National Climate Change Adaptation Plan

* National Action Plan for Coastal and Marine Ecosystems

¢ National Hydrological Plan

* National Education Plan
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Abstract The islands of Sdo Tomé and Principe host extraordinary biodiversity that
evolved over millions of years without human presence. In the fifteenth century, the
colonization of the islands created a society of migrants, associated with extensive
land-use change and generally low knowledge and stewardship of autochthonous
biodiversity. Formal education became widely accessible after the country’s inde-
pendence but the curriculum has never been aligned with the natural heritage of the
islands. Informal environmental education started in the 1990s alongside the pioneer
conservation initiatives involving the scientific community. In the last decade, these
efforts have multiplied, in line with the need to engage and involve local actors to
promote stewardship and ensure the success of conservation efforts. Some changes
were made recently at a formal level with the inclusion of environmental education
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curricula and new manuals. In addition, several initiatives and improvements are
being developed in the private education sector. However, limited access to
resources for educators reduces motivation and capacity to implement longer-term
improvements. Most environmental education activities are still promoted by NGOs
and mainly focus on endemic or threatened species and target school-age audiences.
Other initiatives focusing on specific demographic groups have provided interesting
results but are more intermittent and their impacts have largely not yet been
evaluated. Improving formal assessments for current and future projects to assess
impacts and refine future approaches will be essential moving forward. In addition,
ensuring the involvement of local actors, coordination between different initiatives,
and the use of diversified approaches will ensure that environmental education
engages the widest possible audiences.

Keywords Civil society - Environmental education curriculum - Formal education -
Gulf of Guinea - Informal education - Oceanic islands

Brief Historical Background of Environmental Education
in Sao Tomé and Principe

How the Landscape and History Shaped Environmental
Education

Principe, Sdo Tomé, and Annobdn are remote oceanic islands with a unique and
understudied biodiversity, which evolved over millions of years without human
interaction. We were unable to find information about local perspectives on envi-
ronmental education for Annoboén and thus, here we will solely focus on Sao Tomé
and Principe.

When the Portuguese discovered Sdo Tomé and Principe in 1470, the islands
were uninhabited. The human population of the islands was mostly brought from
other parts of Africa, and, to a lesser extent, from Europe, in two main colonization
periods. The first was associated with the slave trade and the second with contracted
labor for the coffee and cocoa plantations (Seibert 2015). The islands have a history
of extensive plantation agriculture that is closely related to the degradation of vast
areas of forest in Sdo Tomé and Principe and possibly with the extinction of endemic
species before they were formally described to science. Early scientific studies to
describe the biodiversity of Sdo Tomé and Principe were conducted by European
naturalists during the nineteenth and early twentieth centuries (Cerfaco et al. 2022).

The natural ecosystems of the islands, nowadays recognized for the uniqueness of
their species, were poorly known and of little use for the newly established human
population. The local plants and animals were unfamiliar and few edible plants and
animals from the native forest were known or used (e.g., Seibert 2015). Thus, land-
use change was promoted with the introduction of species and the conversion of the
native ecosystems to agricultural land with introduced plants and animals that could
be exploited. Some of the native ecosystems endured, due to their remoteness and
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difficulty of access, and the biodiversity within remained largely unknown to most
people living on the islands.

Santomeans had limited access to primary education before independence and
opportunities were divided between a nearly-formal setting in the plantations, which
provided basic education to the workers’ children, and an informal setting called
“bush school” (“escola do mato”), which took place in villages without any official
context or support (Amado 2018). Secondary school only appeared in the mid
twentieth century, first with a private status and later open to the wider public, but
still restricted to just one school. Education was fully structured according to the
norms of the hierarchical and centralized colonial administrative model. It was
designed to impose civilizational standards and the European culture on students,
disregarding and discriminating against the “sons of the land” and their culture
(Amado 2021).

From Independence to Strategic Environmental Education
Options

After centuries of colonialism, Sdo Tomé and Principe achieved independence on
July 12, 1975, inheriting an educational system marked by low literacy, only one
post-primary school, and the absence of professional education (Barreto 2012).
During the first phase of the post-independence period, called “First Republic”
(also known as “Single Party Period”), from 1975 to 1990, the government made
education a priority with mass literacy one of its main objectives (Cardoso 2004). In
the year of independence, the illiteracy rate was 80%. Fifteen years later, it fell to
30% (MECF 2012). Today, Sao Tomé and Principe report that 92.8% (2018) of the
population over 15 years old is literate, representing the best index among African
countries in which Portuguese is the official language (UNESCO 2021). Despite
important progress, illiteracy remains a problem, especially in some areas of the
country, such as the southern and northern regions of Sdo Tomé Island, affecting
mostly the female portion of the rural population. The Santomean government has
set the goal of eradicating illiteracy by 2022 (MECF 2012).

The democratic reforms and the opening of the country in the late 1980s marked
the start of the “Second Republic” (“Multiparty Democracy”), bringing important
interventions with the aim to establish a better framework for education. The
institution of democracy gradually created opportunities for the national curriculum
to become more open to incorporate the pedagogical innovations and guidelines
coming from international organizations such as UNESCO, UNICEF, and UNDP
(MEC 2002). In 1986, an educational reform began in the country with support from
the Calouste Gulbenkian Foundation (Portugal) and the World Bank, focusing on the
production and editing of textbooks for the first 6 years of basic education. However,
the program never reached its final objectives, and only a few manuals were
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produced. These manuals were used for over 20 years without being updated (Meia-
Onga 2013).

The country has always been concerned with the quality of its educational system
(Cotrim 2019). All the reforms sought to accompany changes in Santomean society
and keep pace with the rest of the world, but the educational system was not ready
for the new challenges facing the country (Cardoso 2004). The Basic Law of the
Education System (Law 2/2003) introduced only two significant changes: an
increase in compulsory schooling from 4 to 6 years and the inclusion of the 12th
grade (MECJD 2006). Despite many attempts to develop a national curriculum
adapted to the context and needs of the country, it was not until the last decade
that the sciences received more attention. Today the curriculum is still insufficiently
adapted to its audience and fails to reflect the natural heritage of the islands.

Nevertheless, the environmental education needs of the country were widely
recognized and highlighted by the scientific and conservation communities, with
strong and significant efforts starting in the 1990s. In 1992, Sdo Tomé and Principe
received assistance from the EU’s European Development Fund in support of the
Forestry Commission’s efforts to prevent harvesting in primary forests and to
promote efforts to educate the public about forest conservation. Under the ECOFAC
Programme, an EU-funded regional program for the conservation and rational use of
forest ecosystems in Central Africa, this work is still ongoing on the islands and lead
to the establishment of the protected areas network of Sdo Tomé and Principe. This
network covers roughly one-third of the islands and culminated with the creation of
two Natural Parks in 2006 (Lima et al. 2022). Meanwhile, an Action Statement on
biodiversity conservation in the four Gulf of Guinea islands arose from a workshop
held in 1993. This document reviewed the state of the main habitats on all the
islands, current threats, and existing institutions and management actions taken so
far (Juste and Fa 1994). This work led to the formation of an international group of
scientists and a special issue of the journal Biodiversity and Conservation (vol
3, 1994). These events were key for synthesizing biodiversity knowledge and
conservation actions for the islands, and also for igniting local actions to engage
Santomeans in protecting their natural heritage.

The first environmental education activities emerged with ECOFAC around sea
turtles (with Programa Tatd, still active as an independent NGO since 2018) and gray
parrots. These were some of the better-known species at the time, highly pressured
by the capture of individuals and eggs for food, trade, and crafts (AGRECO —
SECA — CIRAD 2005). As the scientific knowledge of other groups and species
increased and diversified, the need to involve the local population in environmental
initiatives grew and has been a strong driver for most of the ongoing programs. The
islands’ potential for ecotourism has also been an important driver for the expansion
of environmental outreach activities to reach the whole population and foreign
Vis1tors.
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The Current State of Environmental Education in Sao Tomé
and Principe

Formal Education: Environmental Education in Public
and Private Schools

The public school system on Sdo Tomé and Principe had the subject of Environ-
mental Education (EE) formally introduced in 2010, but only to the eighth grade
curriculum (Barreto 2012). Most private schools use EE in their lessons, formally or
informally, linked to their internal curricula or to international curricula, such as the
EE benchmarks provided by the Portuguese Ministry of Education.

Public Schools

Before 2010, environmental education content could be found in the Natural Science
manuals but was not considered a priority. With the educational reform in the
country, teachers of basic education inserted themes related to environmental edu-
cation, namely on how to protect the environment from pollution or on how to
conserve the fauna and flora, through the subjects of “Physical and Social Environ-
ment” for classes from the first cycle. Classes from the second cycle worked by the
“Student Manual” in the science module, in which information and /or small themes
were adjusted to include environmental education.

In 2010, the NGO MARAPA (Mar, Ambiente e Pesca Artesanal), CTA (Centro
Técnico de Cooperagdo Agricola e Rural), and ACP-EU (African, Caribbean and
Pacific Group of States-European Union) sponsored the publication of the manual
“Ecologia, Ambiente e Educacdo Ambiental em Sdo Tomé e Principe” (“Ecology,
Environment and Environmental Education in Sdo Tomé and Principe”) to be used
by teachers of the fifth and sixth grade (Carvalho et al. 2010). The manual includes
simple environmental education modules together with different practical activities
and teaching tools to be used by teachers of all subjects. Teachers from across the
country were trained but there was no formal assessment of the program’s efficacy or
impact. The manual was then used to support the elaboration of the EE curriculum
for the eighth grade (under Projeto Escola+) when, after 2010, EE as a subject was
inserted as part of a separate enrichment to the curriculum. Three different areas were
introduced in high schools in both Sdo Tomé and Principe: “Environmental Educa-
tion” was introduced to eighth grade students, incorporating group work and other
interactive activities to the lectures; “Health Education” to the seventh grade; and
“Civic Training” for ninth graders.

The curriculum content was developed by a select group of secondary school
teachers under the supervision of the Secondary Education Directorate. The educa-
tors from Projeto Escola+, coordinated by the Instituto Marqués de Valle Flor,
supported by several European partnerships, and approved by the Ministry of
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Education and Culture, made the school manuals available along with a series of
structured training events held to promote the development of key stakeholders in
the second cycle educational network (Barreto 2012). After publication, the manual
was made available for teachers to use in the classroom, along with regular training
offered on how to integrate the manual into the environmental education curriculum
by the First Cycle Board. The curriculum was not widely adopted by teachers but
achieved greater use on the island of Sdo Tomé and was included sporadically in
classes on Principe.

In 2014, following the inclusion of environmental education in the school
curriculum, along with a dedicated teacher’s manual, actions were focused on the
eighth grade students. This resulted in the production of a new EE student manual
(Eloy et al. 2014). This material was intended to alert and prepare young people to
the worsening environmental situation in the country, and to the need to promote
sustainable economic development while preserving the islands’ biodiversity. Due
to various limitations after its publication, very few people knew about the existence
of this material, including teachers and students in Sdo Tomé and Principe.

Private Schools

Based on a sample (n = 5) of private schools (pre-k to 12 grade) interviewed in Sdo
Tomé in 2020 and 2021, environmental education (EE) is part of the curriculum but
it is not adapted to the context of the islands and does not use examples of the local
biodiversity and habitats. Four schools used the curriculum published by the Portu-
guese Ministry of Education: Referencial de Educacdo Ambiental para a
Sustentabilidade (Environmental Education Benchmark for Sustainability). Some
schools teach about the history and geography of Sdo Tomé and Principe first and
then proceed with the Portuguese curriculum. Only one school incorporated a few
EE topics related to the islands with the support of local NGOs. Principe recently
opened its first private pre-k school on the island. The school integrates EE activities
such as Earth Day, but EE is not yet connected to a formal curriculum.

The EE topics taught by the private schools depend on how closely they follow
the Portuguese benchmarks, covering preschool to secondary level, to develop
lessons and activities that aim to contribute directly to the personal and social
development of their students. The ninth grade of a particular school we interviewed
added “environmental sustainability,” which incorporates first-hand experiences.
For instance, in one of their modules students go into the field to test water quality,
using knowledge acquired in the classroom to interpret their results and reach
conclusions.

Another school took a step further and incorporated EE (using a mix of both
Santomean and Portuguese concepts) into their mission statement, consequently
linking all their curricular activities toward raising children’s awareness about the
importance of protecting and appreciating the natural world. Children as early as
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12 months old have exposure to activities both in and outside of the classroom, with
the purpose of promoting values and actions that can later result in the development
of environmental stewardship in Sdo Tomé and Principe. This particular school uses
beach cleanup as its “beacon activity” to introduce the issue of trash pollution, which
chronically impacts the islands’ local beaches and city centers. Their aim is to
reinforce the notion that children can be an important part of the solution and they
also play an active role in teaching behavioral changes to family members and civil
society.

Informal Education: Past and Ongoing Efforts

The basis for informal environmental education in Sdo Tomé and Principe has been
built upon the recent scientific work on the species-rich and under-explored biodi-
versity of the islands. A project by Verissimo et al. (2012) aimed to understand the
knowledge and attitudes of key stakeholders toward biodiversity, sustainability, and
natural resource management, revealed that there is still the need to improve
engagement and communication with local actors. International institutions and
researchers need to invest time and resources to develop effective ways to better
communicate their scientific findings through environmental education. Neverthe-
less, major efforts on EE have been made to raise awareness about the conservation
of these unique islands over the past 23 years, with several national and international
projects being held in the country that reach local residents and tourists alike
(Table 25.1).

The lack of a centralized database to track records of early EE programs in Sdo
Tomé and Principe makes it difficult to assemble a complete assessment of the
diversity of the project aims, target populations (TP), and outputs, but there has
clearly been increased investment in long-term projects over the last decade
(Fig. 25.1). Based on four “one-off” and 11 currently “ongoing” informal EE pro-
jects, five take place on both islands, five exclusively in Sdo Tomé, and five
exclusively in Principe, although collaborations are frequent between organizations
from both islands. The establishment of a larger number of NGOs in the country
contributed to the increase in longevity of the programs, funding, and creation of
training and employment opportunities for members of the civil society. The main
topic covered is biodiversity conservation, especially focusing on the valorization of
threatened species and ecosystems. Projects address a wide range of taxa and
ecosystems, although some focus on a specific taxon (e.g., marine turtles, bees,
and terrestrial mollusks) or topics (e.g., recycling and illegal hunting). Twelve
projects target schools and local communities, but the target audience can be project
specific, depending on the main aims (e.g., fishermen and fishmongers for marine
ecosystem conservation or hunters for terrestrial ecosystem conservation).
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on Sao Tomé and Principe have been conducted informally and under the respon-
sibility and leadership of international NGOs, with engagement of local civil society.
In recent years, EE has been growing and progressively led by national organiza-
tions, with several recognized Santomean educators who keep their engagement with
the dissemination of conservation messages throughout the years in different pro-
jects and in their own communities and networks.

During 2020, the COVID-19 pandemic was a global challenge, and education
was one of the sectors that suffered the most. In the majority of developed countries,
the online system was a solution to keep children and youth engaged, while in
non-developed countries, where access to electricity and the internet is limited, this
global crisis resulted in a complete stop of the education process. The limits to social
gatherings and the lack of virtual platforms also impaired projects working with
communities or other target groups. Consequently, all formal and informal EE
programs and activities also came to a halt in both Sdo Tomé and Principe. In
2021, the EE activities (formal and informal) are slowly starting as schools are back
in session and meeting restrictions are starting to be lifted.

Looking into the Future

There are many political, economic, and social challenges on Sdo Tomé and Principe
that directly impact the general quality of the education system. Consequently, the
subject of EE, including the focus on the importance of the islands’ local biodiver-
sity, is less of a priority to the country. In today’s world, issues related to the
environment and education are more relevant than ever. Scientific knowledge of
the endemic and unique biodiversity of the islands has significantly increased in the
last few decades, and the national policies are starting to see biodiversity as a
development tool through tourism. Principe has been at the forefront of creating a
model for sustainable development, with the island being recognized as a UNESCO
Biosphere Reserve in 2012 and the development of the Plan for Sustainable Devel-
opment “Principe 2030.” Sdo Tomé seems eager to follow these steps with work
being done to achieve UNESCO Biosphere Reserve status as well. However, this
fragile and recent understanding of the importance of the local biodiversity is not yet
evident in the education system. Without the support and leadership of
non-governmental national and international organizations, the local knowledge of
the environmental relevance of Sdo Tomé and Principe would be still precarious.
Teachers’ feedback indicated that a national education reform paired with a
dedicated budget is imperative to increase and sustain the investment on training
local teachers, improving schools’ basic conditions, and promoting the inclusion of
EE in all grades of the public system. EE has to be seen as a priority, and integrating
children with an environmental agenda is an investment in creating future adults
engaged with the conservation of the country’s natural resources. In parallel with the
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integration of the EE curriculum in all grades of public education, the private
education system should enhance the use of their resources, and dedicate a budget
to strengthen the efforts made to promote more EE activities. Integration of local
partners and stakeholders and the use of materials with messages and content tailored
to the local reality are also key elements to the future of EE on the islands.

Going forward, it is highly recommended that all organizations promoting EE
(public, private, informal) in the country monitor and evaluate their activities, and
commit to share their results to ensure the growth and advancement of EE on Sao
Tomé and Principe. The development of an evaluation protocol to be used nationally
could be of great benefit to accomplish such an important task. Additionally, a
potential development of an online database of EE initiatives in the country could
serve as an important learning tool for anyone planning or currently working in the
country, and promote exchanges with other regions or educators. There are few
meaningful opportunities for teachers, students, and civil society to engage and
network with local and international professionals in the field of EE, as most of
the communication and materials are done in languages other than Portuguese. In the
last decade, the islands have hosted several events related to environmental educa-
tion in Lusophone countries. These conferences and meetings, although limited in
time, represent opportunities to exchange and develop ideas, establish collaborations
and keep people inspired and motivated by EE.

It is evident that there is an urgent need to create a strong and well-defined joint
strategy with local governmental support between public, private, formal, and
informal educational institutions, to ensure a successful integration of EE on Sdo
Tomé and Principe, and to generate positive, long-lasting results on the islands’
biodiversity conservation. Education is the most effective way to achieve greater
public support and establish solid goals to preserve the fragile and threatened
biodiversity of these islands. This is urgent to ensure the future of both people and
biodiversity. Past EE efforts left a legacy in transmitting knowledge, motivating and
training people, and developing valuable materials that are currently addressing
critical environmental issues. Present and future EE efforts will inspire and engage
the next generation of national leaders to take a more critical and active role in
shaping the future of the unique biodiversity of the Gulf of Guinea oceanic islands.
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Chapter 26
A Thriving Future for the Gulf of Guinea 2
Oceanic Islands

Rayna C. Bell, Luis M. P. Ceriaco, Ricardo F. de Lima, and Martim Melo

Abstract The oceanic islands of the Gulf of Guinea hold extraordinary levels of
endemism across many taxonomic groups. Biodiversity surveys are still uncovering
species new to science, and much work remains to be done on the evolution,
ecology, and conservation of this unique biological heritage. The next 10 years
will be crucial to find and implement development strategies that can respond to the
needs of the islands’ inhabitants while sustaining the biodiversity and
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ecosystem functions on which they depend. We outline seven priority areas that need
to be addressed on the path for a thriving future for both people and biodiversity.

Keywords Biodiversity databases - Capacity - Exploration - Natural history
collections - Outreach - Small islands developing states - Sustainable development

Earth’s islands collectively hold the greatest concentration of biodiversity that exists
on our planet. Although islands have long served as important models for under-
standing the ecology and evolution of biodiversity, islands have also been recog-
nized as epicenters of extinction with approximately 75% of all recent bird, reptile,
amphibian, and mammal extinctions occurring on islands. Much of the remaining
global island diversity is threatened, with up to 85% of remaining reptile, amphibian,
and mammal species, along with nearly half of island birds, at risk of extinction
today. Similar figures are expected for other taxonomic groups, for which global
assessments are currently missing. This biodiversity crisis is particularly notable on
tropical oceanic islands, where species evolved in stable and isolated conditions and
are especially vulnerable to the fast pace of ongoing environmental change. As
extinctions multiply, island ecosystems begin to crumble and further cascades of
species extinction will follow. As a result, the human inhabitants who depend on
these ecosystems will lose their livelihoods and ways of life. At the same time,
because island ecosystems are relatively simple, they also offer an opportunity to
understand how to stop this crisis, and to alter the course of our relationship with
biodiversity.

This edited volume provides an important summary of over 200 years of biolog-
ical research on the oceanic islands of the Gulf of Guinea, highlighting the archi-
pelago’s extraordinary endemism across the tree of life. Much of this diversity is still
being formally described to science, and the conservation status of most endemic
species has not yet been formally assessed. Likewise, our understanding of species
natural history, interactions among species, and characteristics of the islands’ diverse
ecosystems 1is still woefully incomplete. Importantly, these gaps in knowledge
hinder our ability to halt biodiversity loss on the islands and to secure a thriving
future for the islands’ human inhabitants. In support of the United Nations Small
Island Developing States commitment to reach sustainable development, the follow-
ing activities should be a top priority for the oceanic islands of the Gulf of Guinea
over the next 10 years:

» Field surveys and taxonomic research that target specific taxonomic and geo-
graphic gaps in knowledge. Key knowledge gaps are discussed in more detail in
each of the taxonomic chapters, but we also note that for some branches of the
tree of life, the current state of knowledge for the oceanic islands of the Gulf of
Guinea is so sparse that we could not provide a chapter and/or checklist for that
particular group. This includes algae, lichens, and several groups of terrestrial
(e.g., annelids, bees, flies) and aquatic invertebrates (e.g., crustaceans, corals,
echinoderms, sponges). For much of the archipelago’s biodiversity, this work will
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also necessitate a better understanding of regional species diversity and evolu-
tionary relationships. Molecular techniques will continue to prove an invaluable
tool for advancing taxonomy and systematics in these lesser known groups.

e Mobilizing existing natural history collections and their data to democratize
knowledge and expedite biodiversity research. Biodiversity surveys over the
last two centuries have resulted in extensive natural history collections that
document the diversity and distribution of the archipelago’s terrestrial and aquatic
ecosystems. Most of these collections are housed in Europe and the USA, and
many have not yet been curated, georeferenced, digitized, and made available to
the local or global research community. This critical work must continue and take
advantage of the growing availability and accessibility of online platforms for
collections data.

» Integrating data from targeted field surveys and existing collections to map
species distributions. The distributions of most species in the oceanic islands of
the Gulf of Guinea are unknown, which limits our inference of species richness
and endemism across the islands’ ecosystems. Existing natural history collections
already hold much of this information, and future surveys should be designed to
fill conspicuous gaps in knowledge. These spatial data can be combined with
maps of current protected areas and estimates of future climate and land-use
change to inform sustainable development and conservation planning that centers
biodiversity resilience.

* Promoting the islands as models for ecological studies. Biodiversity is dynamic
and relies on complex interactions at multiple levels of organization that are
challenging to study. As the species and ecosystems of the Gulf of Guinea
oceanic islands become more completely documented, hypothesis-driven studies
to promote a deeper understanding of their ecology are becoming possible.
Although few such studies have been conducted, it is already clear that the islands
are valuable mesocosms to test and develop advanced ecological theories, includ-
ing population dynamics, community ecology, species interactions, ecosystem
resilience, and the impact of human activities on biodiversity.

* Bolstering local taxonomic expertise and resources for biological research. An
increasing number of Santomean and Equatoguinean researchers are contributing
to biodiversity science, but this community is still small and largely under
resourced. Local institutions, including universities, herbaria, botanical gardens,
and libraries, need an influx of funding and training to support the growth in
taxonomic expertise and leadership that is essential for islanders to direct the next
phase of biodiversity research and environmental stewardship.

*  Augmenting resources for island residents of all ages to learn about their local
biodiversity. Effective biodiversity conservation requires a well-informed and
engaged local community. Currently, science literacy in the Gulf of Guinea
oceanic islands is limited and formal curricula do not feature the islands’ unique
biological heritage. Developing widely available, accessible references and envi-
ronmental learning opportunities for those with less scientific training will be vital
to stimulate environmental stewardship and to recruit more local naturalists.
These resources can also serve to advertise the islands as a destination for



694 R. C. Bell et al.

sustainable tourism. The contents of this book can serve as a baseline reference
for updating school and university science curricula to focus on local biodiversity,
ecosystems, and environmental stewardship. Likewise, this book can serve as a
reference for developing taxon-focused field guides with illustrations, distribution
maps, natural history accounts, identification keys, and interactive tools. Finally,
featuring local biodiversity in community spaces through art, music, and theatri-
cal performances can further extend the reach of biodiversity knowledge and
stewardship.

The next 10 years will be critical to set the stage for biodiversity conservation and
sustainable development in the oceanic islands of the Gulf of Guinea. Building on a
foundation of more than two centuries of biodiversity science, robust commitments
from local leadership, and strong cross-sector partnerships, this unique archipelago
is well situated to change course from cascades of species extinction towards a
thriving future for biodiversity. Most powerfully of all, the islands can teach us how
to assess and support healthy ecosystem function and scale these approaches to
Earth’s larger systems.
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