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Vectors of the Gulf of Guinea Oceanic
Islands
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Abstract The known arthropod vector species on the Gulf of Guinea islands belong
to orders Diptera and Ixodida. Among the Diptera, the family Culicidae (mosqui-
toes) has the most species, 34 (6 endemic), Ceratopogonidae has 13 (all in the genus
Culicoides), Tabanidae has 6, and Simuliidae has 3 (1 endemic). Ixodida has only
4 species. Most vector species and associated diseases are shared with mainland
Africa. Some of these include (1) the human malaria vector Anopheles coluzzii,
(2) yellow fever and dengue vector Aedes aegypti, and (3) the spotted fever group
rickettsiae and Q fever vector Amblyomma spp. However, there is a considerable
lack of information on the natural cycles of many vector-borne diseases that might
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impact local fauna, for which there may be some endemic pathogen lineages.
Increased trade by air and sea should compel authorities to remain vigilant, to
keep unwanted vectors and diseases at bay. Entomological diversity data remains
scarce for Annobón and for the forested interior of the islands, where future sampling
efforts may uncover new endemic species.
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Introduction

The discipline of medical entomology originated in the late nineteenth and early
twentieth centuries (Service 1978), when P. Manson and R. Ross discovered the
obligatory development of specific life stages of the human pathogenic filarial,
Wuchereria bancrofti Cobbold, 1877, and avian malaria Plasmodium parasite in
the mosquito Culex quinquefasciatus Say (Ross 1911). This discipline aims at
studying insects and other arthropods that affect the health of humans, domestic
animals, and wildlife (hereafter called vectors). Vector biology can be subdivided
into medical (emphasis on human), veterinary (domestic animals), and wildlife
disciplines (Edman 2009). However, these are often intertwined, since many vectors
transmit infectious agents that cause similar diseases in both humans and animals
(zoonoses). A large diversity of pathogens is transmitted by hematophagous arthro-
pods (insects or ticks), including filariae (i.e., worms), protozoa (e.g., malaria),
bacteria, and viruses (e.g., dengue, yellow fever, or Zika). Of all the arthropods,
the Order Diptera contains the most species that transmit pathogens to humans and
wildlife, including one of the most studied families, the Culicidae (mosquitoes).

Recent mosquito surveys on Comoros (Mayotte Island: Le Goff et al. 2014),
Seychelles (Le Goff et al. 2012), and Mariana Islands (Guam: Rueda et al. 2011)
reveal high numbers of species but few single-island endemics. By contrast, São
Tomé and Príncipe harbor six endemic mosquito species (Ramos et al. 1994; Ribeiro
et al. 1998; Loiseau et al. 2019) and this high level of mosquito endemism (23%) is
especially unusual considering the proximity of the islands to the mainland. In
comparison, the Galapagos, Hawaii, and Canary archipelagoes do not harbor
endemic mosquito species (Baez 1987; Carles-Tolra 2002; Bataille et al. 2009),
while the Azores and Madeira have only one each (Ribeiro and Ramos 1999). Other
Dipteran families containing disease vector species, such as Simuliidae and
Ceratopogonidae, have been less studied on the Gulf of Guinea oceanic islands,
probably due to their lower diversity and lesser medical importance.

In this chapter, we present an overview of the known biodiversity of arthropod
vectors and their associated diseases on the Gulf of Guinea oceanic islands. We
describe the microhabitats of Culicidae and Simuliidae species and propose future
directions that might help in documenting and describing new vector species from
the archipelago.



Suborder Nematocera

Family Culicidae

Early Expeditions (1932–1964)
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Diversity, Endemism, and Disease Ecology

All vector species on the Gulf of Guinea oceanic islands are Diptera or Ixodida
arthropods.

Class Insecta

Order Diptera

The order Diptera is composed of two suborders, Nematocera and Brachycera (Pape
et al. 2011). More than 150,000 species have been described, including numerous
hematophagous insects able to transmit infectious diseases. Diptera species known
as vectors in the Gulf of Guinea islands belong to five families.

Globally, Culicidae includes 3578 mosquito species and subspecies, in 42 genera
(Walter Reed Biosystematics Unit 2001). Seven hundred and ninety-five species are
known to occur in the Afrotropics (i.e., 22% of the mosquito diversity; Rueda 2008).
Culicidae is one of the most studied Diptera families, both worldwide and in the Gulf
of Guinea oceanic islands. Hence, for this group, we detail relevant expeditions,
from the early twentieth century, which relied mostly on collecting immature stages,
to more recent collections, which used both immature and adult decoy trapping.

Published records dating back from the Percy Sladen and Godman Trust expeditions
) recorded five species on São Tomé (Anopheles

gambiae Giles, 1902, Uranotenia micromelas Edwards
in 1932 and 1933 (Edwards 1934

1934, Aedes nigricephalus
Theobald, 1901; Culex fatigansWiedemann, 1828 and Culex tamsi Edwards, 1934)
and two on Príncipe (Aedes aegypti Linnaeus, 1762 and Eretmapodites chrysogaster
Graham, 1909). Two species described from material collected on this expedition,
U. micromelas and Cx. tamsi, are still considered endemic to São Tomé and
Príncipe. Based on samples collected during expeditions between 1952 and 1955,
15 additional species were reported for São Tomé and Príncipe (Gãndara 1956).
During the program to eradicate tsetse flies on Príncipe (see section on Tabanidae),
nine species of mosquito were found, four of which were new to the islands,
including Aedes (Aedimorphus) larvae that were not identified to species (Pinhão
and Mourão 1961). A few years later, an intensive survey of mosquito larvae at



Further Expeditions in the Second Half of the Twentieth Century

14 sites on São Tomé (Mourão 1964) collected five additional species (Uranotaenia
balfouri Theobald, 1904, Aedes metallicus Edwards, 1912, Aedes circumluteolus
Theobald, 1908, Toxorhynchites brevipalpis Theobald, 1901 and Culiseta fraseri
Edwards, 1914).
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An updated list of Príncipe Island mosquito species, based on specimens collected
during an expedition in 1986, added seven species (Ae. nigricephalus, Culex
antennatus Becker, 1903, C. decens Theobald, 1901, C. nebulosus Theobald,
1901, C. quinquefasciatus Say, 1826, U. micromelas and U. principensis da
Cunha Ramos, 1993) to the seven previously recorded (Ramos et al. 1989). Then,
two new species were described: Toxorhynchites capelai Ribeiro, 1991 (Ribeiro
1993), and Aedes (Aedimorphus) gandarai Ramos, Capela and Ribeiro, 1994
(Ramos et al. 1994). A few years later, the list of mosquito species increased to
14 on Príncipe and 26 on São Tomé (Ribeiro et al. 1998), including 6 São Tomé
endemics, and 1 endemic to both islands (Appendix). The genus Culex is represented
by the most species, 14, followed by Aedes, with 6.

On São Tomé and Príncipe Islands, the only current known vector of human
malaria is Anopheles coluzzii Coetzee and Wilkerson 2013, previously known as An.
gambiae M form. An. coluzzii is abundant in urban and village settings in coastal
areas on both islands. The lower abundance and the possible absence of An. coluzzii
inland and at elevations above 200 m (Pinto et al. 2000a, b), despite an abundance of
semi-permanent pools for immature development, is likely due to much lower
human population densities in these areas. After intensive indoor residual spraying
campaigns, which started in 2005, the overall prevalence of malaria in children
under 9 years old was reduced from 30.5% to 8.3% after the first round, and to 2.1%
after the second (Tseng et al. 2008; Teklehaimanot et al. 2009). Prevalence has
remained low (~1%; Chen et al. 2019), but active surveillance and mosquito control
to prevent malaria outbreaks is ongoing (Lee et al. 2010). The only other Anopheles
species present on São Tomé, but not on Príncipe, is An. coustani Laveran, 1900;
however, its role as a secondary malaria vector is not known.

Lymphatic filariasis, a human parasitic infection, is caused by nematodes
(Wuchereria bancrofti Cobbold, 1887, Brugia malayi Brug, 1927 and B. timori
Partono, 1977), which are transmitted through the bite of infected Ae., Cx., An. and
Mansonia mosquitoes (Chandy et al. 2011). The last report of the presence of
W. bancrofti on São Tomé dates from 1956 and on Príncipe from 1958 (Fraga de
Azevedo et al. 1960). The insecticide spraying that led to the eradication of Glossina
palpalis palpalis Robineau-Desvoidy, 1830 on Príncipe (see below), probably also
impacted mosquito populations, which likely led to eliminating lymphatic filariae on
that island (Fraga de Azevedo et al. 1960). Further surveillance might be needed as
positive serological tests for lymphatic filariasis have been reported on São Tomé in
recent years (Fan et al. 2013; WHO 2019).
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Recent Surveys (Within First Quarter of the Twenty-First Century)

Collections performed by the authors on São Tomé and Príncipe in 2016, 2017, and
2019 added four species to the documented diversity (Ae. albopictus Skuse, 1894,
Ae. tarsalis Edwards, 1927, U. bilineata Theobald, 1909, and U. connali Edwards,
1912). These surveys were primarily focused on collecting mosquito vectors known
to transmit wildlife pathogens, especially to birds. At least eight genera of mosqui-
toes (Aedes, Aedeomyia, Anopheles, Culex, Coquillettidia, Culiseta, Mansonia, and
Uranotaenia) can transmit avian malaria (Valkiūnas 2004). Avian malaria has had
devastating effects on the endemic bird populations of Hawaii (Fonseca et al. 2000),
demonstrating the pernicious nature of introduced diseases on isolated animal
populations. São Tomé and Príncipe birds are not heavily infected with Plasmodium,
exhibiting an average prevalence of around 12% (Reis et al. 2021); however, the
birds appear to be carrying Plasmodium lineages that originate from the mainland,
particularly in lowland bird populations (Reis et al. 2021). Numerous mosquito
species may be vectors of avian malaria in the Gulf of Guinea oceanic islands, but
their vector competence has not yet been assessed and will be an important future
research direction for monitoring the population health of the endemic avifauna.

The highly anthropophilic Ae. albopictus (invasive tiger mosquito), likely intro-
duced to the Gulf of Guinea during the last 10 years, is now very widespread on both
islands and is of considerable human biting nuisance (Reis et al. 2017; Loiseau et al.
2019). Along with Ae. aegypti, Ae. albopictus is considered an urban cycle vector
(Kamgang et al. 2019b) of Yellow Fever, Dengue, Zika and Chikungunya viruses,
which actively circulate in neighboring African mainland countries (Paupy et al.
2010; Braack et al. 2018; Kamgang et al. 2019a). Periodic outbreaks of Yellow
Fever occur in neighboring mainland countries, namely in Cameroon, Gabon, and
Angola (Chippaux and Chippaux 2018). One study estimated that currently there are
between 51,000 and 380,000 severe cases of yellow fever annually in Africa,
resulting in an estimated 19,000–180,000 deaths (Garske et al. 2014). Dengue
virus strains, in the same Flavivirus genus as Yellow Fever virus (Daep et al.
2014), are now probably one of the most important arboviruses, since globally
they infect over 100 million people annually, resulting in an estimated 500,000
severe Dengue cases (WHO 2014). A serological survey on pregnant women has
actually demonstrated the circulation of this virus on the islands (Yen et al. 2016).
No major outbreak of Dengue has been recorded on the islands until a recent one in
São Tomé in 2022. In addition, nine resident mosquito species found in São Tomé
and Príncipe (Ribeiro et al. 1998) are known as vectors of numerous other arbovi-
ruses (e.g., Alphavirus, Flavivirus, or Phlebovirus) in the Afrotropics.

Currently, both Anophelinae and Culicinae subfamilies are present in the Gulf of
Guinea islands, as well as the only Culicidae genus that is endemic to Africa,
Eretmapodites Theobald, 1901. There are 35 resident Culicidae species: 31 on São
Tomé and 15 on Príncipe (Appendix). To our knowledge Ae. indet (Pinhão and
Mourão 1961) has not been collected in the last 70 years, and its current presence on
the islands is questionable. We have not included An. funestus s.l. Giles, 1900, An.
paludis Theobald, 1901, and An. pharoensis Theobald, 1901 (Mesquita 1946, 1952)



in the current list of species, because malaria control campaigns in the 1980s are
thought to have eradicated them (Pinto et al. 2000a). The only publication on the
mosquitoes of Annobón was about malaria transmission and genetic population
structure of An. coluzzii in Equatorial Guinea (Moreno et al. 2007).

388 C. Loiseau et al.

Family Simuliidae

Among the 2200 species of black flies described around the world, 214 are present in
the Afrotropical region (Currie and Adler 2008), including many that transmit
pathogens that affect humans (e.g., filarial disease onchocerciasis; Crosskey 1990),
poultry (Alder and McCreadie 2019), and wild birds (Valkiūnas et al. 2004).
Onchocerciasis (river blindness) is limited to sub-Saharan Africa and is widely
known in southern Cameroon and on Bioko Island, where it is transmitted by species
of the complex Simulium damnosum Theobald, 1903 (Post et al. 2003). Currently,
this vector species does not occur on the Gulf of Guinea oceanic islands (Mustapha
et al. 2004), and no cases of Onchocerciasis have been reported. The avian parasites
Leucocytozoon, closely related to avian malaria, are present, especially in highland
and forest birds of São Tomé and Príncipe (Reis et al. 2021). However, the vector
competence of black fly species for Leucocytozoon spp. remains unknown on the
islands.

Black flies were first documented at one site on São Tomé in 1988 (Grácio 1988).
Extensive sampling of 71 sites on São Tomé reported the presence of two species:
Simulium (Pomeroyellum) alcocki Pomeroy, 1922, and S. (Anasolen) dentulosum
Roubard, 1915, the latter being the most abundant (Grácio 1999). In 1998, the São
Tomé endemic S. (Pomeroyellum) santomi Mustapha, 2004 was added to the list
(Mustapha et al. 2004). On Príncipe, only S. dentulosum is confirmed. No effort has
been made to sample black flies on São Tomé or Príncipe during the last 20 years,
and it has been suggested that they are absent from Annobón (Mustapha et al. 2004).

Family Ceratopogonidae

This family of biting midges includes 6206 species in 112 genera and has a diverse
fossil record (around 300 species; Borkent and Dominiak 2020). Many species of
Ceratopoginidae are important pollinators, and only four genera are known to have
species that feed on blood of vertebrates, including humans (Borkent 2004):
Austroconops Wirth and Lee, 1958, Culicoides Latreille, 1809, Forcipomyia (sub-
genus Lasiohelea) Meigen, 1818 and Leptoconops Skuse, 1889. Austroconops is the
only genus that is not known to play a role in pathogen transmission, while
Culicoides is the most important in this regard (Borkent 2004). Culicoides includes
1347 described species, and the assessment of this diversity has received much
attention in Africa because of their status as vectors of human filarial nematodes
(Agbolade et al. 2006), and of several viruses responsible for animal diseases, such
as Bluetongue (Mellor 1990) and African Horse Sickness (Mellor et al. 2000; Mellor



and Hamblin 2004). Culicoides are also known vectors of avian malaria-like para-
sites of the genera Haemoproteus (Parahaemoproteus) and Leucocytozoon
(Caulleryi) (Valkiūnas 2004). On São Tomé, approximately 20% of the birds are
infected with these parasites, with a higher prevalence in shaded plantations (Reis
et al. 2021). Among the species of Culicoides, several can transmit Haemoproteus,
but vector competence of Culicoides species remains unknown.
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The first four species of Culicoides recorded on São Tomé were collected during
the Percy Sladen and Godman Trust expeditions in the 1930s (Edwards 1934), and
identified as C. austeni Carter, Ingram and Macfie, 1920, C. distinctipennis Austen,
1912, C. citroneus Carter, Ingram and Macfie, 1920 and C. grahamii Austen, 1909.
A three-year study of insects in cocoa plantations identified 25 species of
Ceratopogonidae, including only one Culicoides species: C. imicola Kieffer, 1913
(Wirth and Derren 1976). This fifth species recorded on the island is a known
primary vector of Bluetongue and African Horse Sickness viruses, largely distrib-
uted in Africa, Asia, and Europe (Guichard et al. 2014). C. distinctipennis, C. milnei
Austen, 1909 and C. imicola were later mentioned as present on São Tomé (Glick
1990), the latter being the sixth Culicoides species recorded on the island. Since the
mid-1970s, there has been no evaluation of the diversity of Culicoides on São Tomé
and Príncipe Islands, and the number of species is thus likely underestimated. There
are 156 species formally described in the Afrotropical region (Labuschagne 2016),
including high diversities on neighboring mainland African countries, such as
Nigeria (Dipeolu 1976) and Cameroon (Callot et al. 1965; Wanji et al. 2019).
Gabon is an exception since only six species have been described so far, probably
due to very few studies carried out in that country (Delécolle et al. 2013; Augot et al.
2017). In 2019, nine species of Culicoides were found in the southeast of São Tomé,
along transects from the center of an oil palm plantation to the native forest. While
morphological and molecular investigations are ongoing, it is likely that seven
species will be added to the records for the island (Appendix). From the four species
first recorded for the island (Edwards 1934), only C. citroneus and C. distinctipennis
were found recently. Surprisingly, no endemic Culicoides species have been found
yet. Considering sampling bias in these islands, it is likely that future studies in
different habitat types, especially deeper in the native forest, or in coffee and cocoa
plantations, will reveal the presence of endemic Culicoides species. Future surveys
will most certainly also increase the number of Culicoides species on Príncipe and
Annobón, as well as clarify their ecology.

Suborder Brachycera

Family Tabanidae

Worldwide, there are currently close to 4400 species and subspecies, and 144 genera
of Tabanidae described (Mullens 2019). Tabanid flies of the genera Tabanus,
Chrysops, and Hybomitra, commonly known as horseflies and deerflies, are of
economic, medical, and veterinary importance (Nevill et al. 1994). However, they



tend to be less studied than other Dipteran families (Baldacchino et al. 2014).
Tabanid flies serve as biological vectors (pathogens replicate and develop within
the fly), and as mechanical vectors (pathogens are transmitted without amplification
and development within the fly via contaminated blood on mouthparts) of several
wildlife and livestock pathogens, such as Trypanosoma spp. (Nevill et al. 1994),
Babesia spp., and Theileria spp. (Taioe et al. 2017), filarial nematodes, and numer-
ous viruses and bacteria (Baldacchino et al. 2014). In forested Central Africa,
tabanid flies of the genus Chrysops also infect humans with Loa loa Cobbold,
1864, which causes African eye worm (Mullens 2019). This pathogen has not
been reported in São Tomé and Príncipe.
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Six species in the genus Tabanus have been recorded on São Tomé and Príncipe:
T. biguttatus Wiedemann, 1830; T. congoiensis Ricardo, 1908; T. obscurefumatus
Surcouf, 1906; T. taeniola, Palisot de Beauvois, 1806; T. principis Bequaert, 1930
(Bequaert 1930) and T. monocallosus (Travassos Santos Dias 1955), the last two
being endemic to the Gulf of Guinea islands. No new tabanid flies have been
recorded on the archipelago in recent years.

Family Glossinidae

Glossinidae includes the single genus Glossina with 23 species, 6 of which are
further divided into 14 subspecies, all but one found in Africa (Krinsky 2019). The
genus is divided into three groups based on their ecological preferences: the savan-
nah flies (subgenus Morsitans), the forest flies (subgenus Fusca), and the riverine
flies (subgenus Palpalis). Species found in sub-Saharan Africa are vectors of the
Trypanosoma parasites that cause sleeping sickness in humans (Welburn et al. 2001)
and trypanosomosis in livestock (Meyer et al. 2016) and can have severe impacts on
domestic cattle production (De Geier et al. 2020).

The first known introduction of the tsetse fly, G. p. palpalis, occurred on Príncipe
Island in 1825 (Fraga de Azevedo et al. 1956). At the end of the nineteenth century
and beginning of the twentieth century, it became a significant health issue for cocoa
plantation workers and local inhabitants, forcing important prophylactic measures
between 1911 and 1914, which included hunting for flies, swamp drainage, clear-
ance of vegetation and slaughter of wild pigs, stray dogs, and civets (Bruto da Costa
1913). The prevalence of Trypanosoma dropped dramatically (Bruto da Costa
1913), and in 1914 the tsetse fly was considered eradicated in Príncipe (Figueiredo
Moura da Silva 2019). In 1956, entomologists rediscovered large numbers of tsetse
fly on Príncipe (Tendeiro 1956) and suggested it had been reintroduced from Bioko
Island. Although no cases of trypanosomiasis were found in humans, animals or in
the tsetse flies, important measures were applied again to eradicate the tsetse flies,
including trapping flies, insecticide spraying, clearing of vegetation, and killing of
wild pigs, monkeys, and dogs (Fraga de Azevedo et al. 1956). Eradication was
effective by July 1958.
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Order Siphonaptera

Two flea species, Ctenocephalides felis Bouché, 1935 (cat flea; Family Pulicidae)
and Tunga penetrans Linnaeus, 1758 (chigoe flea; Family Tungidae), occur in São
Tomé and Príncipe. A high percentage of dogs seem to have cat fleas infected with
Rickettsia felis, an emerging human pathogen often causing febrile illness, while just
over 3% of humans had antibodies against this bacterium (Tsai et al. 2020).

Class Arachnida

Order Ixodida

The Ixodida contains three families: Ixodidae, Argasidae, and Nuttalliellidae
(Nicholson et al. 2019). The Ixodidae or hard-bodied ticks include 15 genera and
707 species, while the Argasidae or soft-bodied ticks contain about 190 species, and
the Nuttalliellidae only one species. Worldwide, they are the most important disease
vectors in the veterinary field and are second only to mosquitoes in public health
importance (Nicholson et al. 2019). Ticks are ectoparasites that blood-feed on
mammals, birds, reptiles, and amphibians, but unlike the short blood-feeding periods
(at most a few minutes) of Diptera, hard-bodied ticks attach and stay on their hosts
for several days. They are implicated in the transmission of numerous infectious
diseases caused by pathogens, such as bacteria (e.g., Rickettsia, Borrelia, Coxiella;
Parola et al. 2013), viruses (e.g., Crimean–Congo hemorrhagic fever virus, Tick-
borne encephalitis virus; Hoogstraal 1979) and protozoa (e.g., Babesia; Nelder et al.
2016).

Family Ixodidae

Four species of hard-bodied ticks have been recorded through the years from São
Tomé and Príncipe. Amblyomma astrion Dönitz, 1909 and A. splendidum Giebel,
1877, were collected on São Tomé, and A. splendidum on Príncipe (Tendeiro 1957).
Subsequently, Rhipicephalus decolaratus (Koch, 1844) was collected on both
islands (Travassos Santos Dias 1988). In the early 1980s, numerous adult cow and
calf deaths on São Tomé were attributed to neurological complications, likely caused
by heartwater, a tick-borne rickettsial disease of domestic and wild ruminants
transmitted by A. astrion (Uilenberg et al. 1982). In 2016, A. variegatum Fabricius,
1794, was collected from cattle in the Agua Grande district on São Tomé (Hsi et al.
2020). A serological survey demonstrated the presence of Spotted fever group
rickettsiae and Q fever (Coxiella burnetti) antibodies in people, which could explain
continued reports of febrile illness in São Tomé human residents not due to malaria
(Hsi et al. 2020).
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Family Argasidae

To date, Ornithodoros capensis Neumann, 1901 is the only soft tick species reported
for the islands (Travassos 1988). It is an ectoparasite of seabirds in the tropics and
subtropics, and was collected in the nests of Brown Noddy Anous stolidus (Lin-
naeus, 1758), Black Noddy A. minutus (Boie 1844), and Sooty Tern Onychoprion
fuscatus (Linnaeus, 1766), during an expedition to Tinhosas (small islets south of
Príncipe) in 1970 (Travessos 1988). A recent census of seabird nests on these islets
did not report ectoparasites (Valle et al. 2016; Bollen et al. 2018), but they may not
have explicitly searched for them.

Distribution, Biology, and Habitat Specificity

In this section, we describe the habitat types and preferred environmental conditions
of Culicidae and Simuliidae species, based on the observations of AJC and on the
literature (Mourão 1964; Grácio 1999).

Mosquito Habitat and Distribution on São Tomé and Príncipe

Anthropophilic Mosquitoes

Mosquito species that regularly blood-feed on humans include disease vector
species – Ae. aegypti (Fig. 15.1.1), Ae. albopictus (Fig. 15.1.2), An. coluzzii
(Fig. 15.1.5), Cx. quinquefasciatus, and Ae. circumlutelous – and species not
implicated as disease vectors – Ae. nigricephalus and E. chrysogaster (Fig. 15.1.3).

Immatures of An. coluzzii, vectors of malaria, are found mostly on the coast. They
develop in direct contact with clear or eutrophic groundwater, in swamps, and in
temporary pools, such as in roadside ditches, depressions in pathways, and between
households (Fig. 15.2.1). Blood index values and low sporozoite rates in An. coluzzii
sampled in 1997 and 1998 on São Tomé (Sousa et al. 2001) indicate that they are
meso-endemic, feeding predominantly on dogs, followed by humans, and then pigs.
In recent collections by AJC, An. coluzzii were also attracted to chicken.

Cx. quinquefasciatus (Cx. fatigans in Mourão 1964), a vector of filarial nema-
todes, is very common in urban areas. It bites humans at night inside homes, and
often rests indoors or underneath houses along with Anopheles mosquitoes. They
represent the majority of mosquitoes in the city of São Tomé (Mourão 1964).
Immatures of Cx. quinquefasciatus are often found in very high numbers in
unmaintained sewage systems and in artificial containers, such as barrels, gutters,
tubs, or vats of water.

Ae. aegypti and Ae. albopictus, vectors of numerous viruses, primarily bite
humans during the day. They have spread worldwide and become cosmopolitan



(Paupy et al. 2009; Brown et al. 2011; Kraemer et al. 2019). Historically, they both
laid eggs in tree cavities (e.g., Erythrina sp., Chlorophora sp.), but now they are
considered container-breeding mosquitoes, as immatures often develop in discarded
plastics, tires, and other rubbish that hold water, and in unused cisterns. Still, both
species lay eggs in the abundant supply of tree cavities, as well as in fallen banana
leaves, in São Tomé and Príncipe. In the past, Ae. aegypti was the most collected
species (Mourão 1964), but its abundance seems to have decreased since Ae.
albopictus became established in São Tomé and Príncipe (Reis et al. 2017), as in
other parts of the world (Bargielowski and Lounibos 2016). The distribution of Ae.
aegypti has now contracted into small enclaves, mostly at higher elevations on São
Tomé, and is rarely collected on Príncipe.

15 Diversity and Distribution of the Arthropod Vectors of the Gulf of. . . 393

Fig. 15.1 Pictures of mosquito species: (1) Aedes albopictus (female); (2) Aedes aegypti (female);
(3) Eretmapodites chrysogaster (female); (4) Toxorhynchites brevipalpis (male); (5) Anopheles
coluzzii (female). Photo credits; Nil Rahola



394 C. Loiseau et al.

Fig. 15.2 Examples of microhabitat of Culicidae: (1) Typical roadside ditch located on Príncipe
with large numbers of Anopheles coluzzii larvae. Arrow points to fourth instar larva; (2) Typical
slow-moving river edge on Príncipe supporting large numbers of Uranotaenia micomelas and
Culex decens larvae; (3) Preferred daytime resting location for Cx. cinerellus, Cx. nebulosus and
multiple Uranotaenia species in crab holes in road embankment in Alto Douro, São Tomé. Arrows
point to Culex mosquitoes; (4) Cx. cambournaci larvae in water-filled Heliconia rostrata flower in
Botanical gardens on São Tomé. Arrow points to larvae. Photo credits: Anthony Cornel

Ae. circumluteolus is localized and infrequently captured (human-biting at
Mucumbli, São Tomé), and represents the only typical floodwater Aedes species
on São Tomé, even though immatures have been found in ground pools and in
artificial containers (Mourão 1964). This species is a known vector of significant
arboviruses, such as Rift Valley Fever, Wesselsbron, Bunyamwera, and Pongola
viruses in Africa (Braack et al. 2018).

Finally, E. chrysogaster, another pernicious daytime human blood-feeding mos-
quito, lays eggs opportunistically in trash, but mostly in natural containers, such as
plant leaf axils, especially in fallen banana and palm leaves, or cocoa and coconut



shells. This species is present everywhere on the islands but is not known to transmit
diseases in São Tomé and Príncipe.
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Opportunistic Mosquitoes

Ae. nigricephalus, an opportunistic blood feeder, bites humans during the day and
does not disperse far from brackish water estuaries and mangroves, where immatures
develop in crab holes. Cx. cinerellus Edwards, 1922 is also specialized to develop in
brackish water crab holes (Hopkins 1952).

Immatures of other abundant mosquito species, which are more likely to feed on
birds, and only seldom feed on humans, such as Cx. decens, Cx. antennatus, and
Lutzia tigripes (de Grandpré & de Charmoy, 1901) also occur in temporary water
bodies.Cx. decens can be abundant on São Tomé (Mourão 1964), and its larvae were
frequently found in artificial containers. On Príncipe, large numbers of larvae were
found along slow-moving rivers (Fig. 15.2.2).

Immatures of other species that seldom bite humans (e.g., Ae. tarsalis,
Ae. gandarai, Culex macfiei Edwards, 1923, Cx. nebulosus) and nectar feeders
(Toxorhynchites capelai and T. brevipalpis; Fig. 15.1.4), develop in tree holes and
less so in banana or plant leaf axils. Rotting coconut fruits serve as significant sites
for the development of Cx. (Culiciomyia) nebulosus, while adults primarily rest in
crab holes (Fig. 15.2.3). Interestingly, immatures of Cx. cambournaci Hamon &
Gandara, 1955 are often found in large numbers in the flowers of Heliconia species,
which have been introduced from the neotropics as ornamentals (Fig. 15.2.4).

The immatures of other species including Cx. annulioris Theobald, 1901,
Cx. invidiosus Theobald, 1901, Cx. thalassius Theobald, 1903, Cx. tamsi, Culiseta
fraseri, L. tigripes, Ur. capelai, Ur. principensis, Ur. balfouri Theobald, 1904,
Ur. bilineata and Ur. connali are typically found in river seepages, and rocky and
thickly vegetated vernal pools. All these opportunistic mosquitoes are potential
vectors of avian Plasmodium.

Black Fly Habitat and Distribution on São Tomé

Immature Simuliidae filter-feed in flowing waterways. Stream size, water velocity,
and seston load are important factors that influence the distribution of black-fly
species (Palmer and Craig 2000; Adler and McCreadie 2019). Interestingly,
S. alcocki and S. dentulosum are not concomitant on São Tomé (Grácio 1999),
S. alcocki is restricted to the northern interior part of the island, while S. dentulosum
was more widespread. Their niches tend to show ecological allopatry with
S. dentulosum found in rivers from sea level to 400 m, while S. alcocki occurs
from 200 to 900 m above sea level. S. alcocki immatures tend to be restricted to the
first 10 cm of the water column, whereas S. dentulosum are found anywhere from
close to the surface to 50 cm below the surface. Finally, S. dentulosum seems to



prefer streams or rivers with weak water flow (78 cm/s, 87% of oxygen on average),
contrary to S. alcocki which prefers faster water flow (122 cm/s, 98% of oxygen on
average; Grácio 1999). Re-sampling the same sites would be ideal to evaluate if the
habitat and microhabitat specificity of these two species have changed over time. We
suspect S. alcocki as the main vector of Leucocytozoon spp. in birds, since both
vectors and parasites are found in greater abundance at higher elevations.
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Directions for Future Disease Insect Vector Research

Sampling Effort in Diverse Habitats and Specific Vector
Families

Among all expeditions and surveys that aimed to collect vectors, we discern two
major sampling paucities. First, the forested interior of São Tomé, in the Obô Natural
Park, and the forested south of Príncipe are poorly studied. The main reason is
probably accessibility, since reaching remote native forest requires long walks and
camping. While mosquitoes have been quite well sampled along the entire coast, and
also in some parts of the interior of the islands, other families such as
Ceratopogonidae or Tabanidae have been sampled in few sites, and do not include
all habitat types found on the islands. Second, Annobón has been poorly sampled for
all groups. Although the island is small (17 km2) and more isolated, we estimate that
some of its arthropod vectors are not yet described. We believe that the Gulf of
Guinea oceanic islands are still full of surprises and that all three islands have the
potential to hold undescribed arthropod vectors.

Surprisingly, there are no records of louse flies (family Hippoboscidae) and sand
flies (family Psychodidae, subfamily Phlebotominae) on the islands. Louse flies, also
known as bird flies, flat flies, or ked flies (Reeves and Lloyd 2019), are vectors of
Haemoproteus parasites in Columbidae birds (Valkiūnas 2004), which have been
detected in the blood of Columba larvata and C. malherbii, both on São Tomé and
Príncipe (Loiseau et al. 2017; Reis et al. 2021). Thus, the presence of louse flies on
São Tomé and Príncipe islands is highly suspected, even though no record has been
published yet. Collection of louse flies can only be done on live birds, or by checking
livestock coats. It is also somewhat surprising that no sand fly species have been
found on any of the islands, although no surveys have specifically searched for them.
Surveys should be done preferentially during the rainy season since these insects are
highly seasonal, with abundance peaks during or right after rain (Munstermann
2019). Leishmania parasites, transmitted by sand flies, are present in Central Africa
(Alvar et al. 2012) but have never been reported on the islands, supporting the
hypothesis that these vectors might be absent.
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New Complementary Tools to Evaluate Vector Diversity

Skilled entomologists can identify species morphologically, if they have access to
updated descriptions and identification keys (Hajibabaei et al. 2007). Distinguishing
characters, especially subjective ones that are used in identification keys, at the
different stages (i.e., eggs, larvae, and adult specimens) are perceptively difficult
for non-experts, particularly in the tropics where the diversity is often high and many
species are similar. Recent developments in molecular identification techniques,
coupled with reduced sequencing costs can help overcome these identification
difficulties, and even reveal cryptic biodiversity. Identification of species using
metabarcoding approaches on environmental DNA (eDNA) (Boerlijst et al. 2019;
Krol et al. 2019) and on bulk samples (Batovska et al. 2018) is an appealing option,
but it is worth noting that sequences belonging to unknown taxa are still a common
problem in eDNA barcoding. Surveys of mosquito diversity using these techniques
require a sound reference database, which in turn demands a considerable amount of
a priori taxonomic work. This can be achieved by sequencing samples from the field
and from natural history museums that have been identified by experienced
entomologists.

Because dipping methods traditionally used to survey larvae may not always
reflect adult diversity found with traps, determining and comparing species diversity
across different types of samples (water, soil, or bulk samples) using metabarcoding
might be a useful complementary approach. eDNA and bulk sample metabarcoding
also show a high potential to become helpful monitoring tools to evaluate changes in
relative abundance and species diversity in relation to habitat change and to detect
invasive vector species in routine surveys. In addition, novel trap designs as well as
visual and chemical lures to attract insects, including vector species, are always
under development and may also increase surveillance and biodiversity
determinations.
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Appendix

List of the arthropod vectors of the Gulf of Guinea Oceanic Islands of Príncipe
(P) and São Tomé (ST).

Entomological data are almost non-existent for Annobón. Beside the record of
Anopheles coluzzii on Annobón, and the absence of Simuliidae, we cannot state if



other vector species are present or absent. Status of each species was defined as
resident (R), endemic (E), introduced (I), or no data (?)

Higher Taxonomy Subgenus/Group Species P ST

ORDER DIPTERA

Family Culicidae
Anopheles Meigen,
1818

Anopheles Anopheles coustani Laveran, 1900 R

Cellia Anopheles coluzzii (Anopheles gambiae M
form) Coetzee & Wilkerson, 2013

R R

Aedes Meigen, 1818 Aedimorphus Aedes nigricephalus Theobald, 1901 R R

Aedes sp. indet E

Catageomyia Aedes tarsalis Edwards, 1927 R

Polyleptiomyia Aedes gandarai Ramos, Capela & Ribeiro,
1994

E

Neomelaniconion Aedes circumluteolus Theobald, 1908 R

Stegomyia Aedes aegypti Linnaeus, 1762 R R

Aedes albopictus Skuse, 1894 I I

Culex Linnaeus
1758

Culex Culex annulioris Theobald, 1901 R

Culex antennatus Becker, 1903 R R

Culex decens Theobald, 1901 R R

Culex invidiosus Theobald, 1901 R

Culex quinquefasciatus Say, 1826 R R

Culex tamsi Edwards, 1934 E

Culex thalassius Theobald, 1903 R

Culiciomyia Culex cambournaci Hamon & Gãndara,
1955

E

Culex cinerellus Edwards, 1922 R

Culex macfiei Edwards, 1923 R

Culex nebulosus Theobald, 1901 R

Eumelanomyia Culex inconspicuosus Theobald, 1908 R R

Culex rima Theobald, 1901 R

Culex micolo Ribeiro, Cunha Ramos &
Capela, 1998

E

Culiseta Felt, 1904 Theomyia Culiseta fraseri Edwards, 1914 R

Eretmapodites
Theobald, 1901

Eretmapodites chrysogaster Graham,
1909

R R

Lutzia Theobald,
1903

Metalutzia Lutzia tigripes De Grandpré & De
Charmoy, 1900

R R

Toxorhynchites
Theobald, 1901

Afrorhynchus Toxorhynchites capelai Ribeiro, 1993 E

Toxorhynchites brevipalpis conradti
Gruenberg, 1907

R

Uranotaenia Lynch
Arribálzaga, 1891

Pseudoficalbia Uranotaenia capelai Ramos, 1993 E

Uranotaenia micromelas Edwards, 1934 E E

Uranotaenia principensis Ramos, 1993 E

Uranotaenia Uranotaenia balfouri Theobald, 1904 R

Uranotaenia bilineata Theobald, 1909 R

Uranotaenia connali Edwards, 1912 R

(continued)
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R
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R
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Higher Taxonomy Subgenus/Group Species P ST

Family Simuliidae
Simulium Latreille,
1802

Pomeroyellum Simulium alcocki Pomeroy, 1922 R

Simulium santomi Mustapha, 2004 E

Anasolen Simulium dentulosum Roubard, 1915 R R

Family Ceratopogonidae
Culicoides Latreille,
1809

– Culicoides citroneus Carter, Ingrain et
Macfie, 1920

?

Subgenus
Avaritia

Culicoides grahamii Austen, 1909 ? R

Culicoides imicola Kieffer, 1913 ? R

Culicoides trifasciellus Goetghebuer, 1935 ? R

Subgenus
Meijerehelea

Culicoides distinctipennis Austen, 1912 ? R

Subgenus
Remmia

Culicoides enderleini Cornet & Brunhes,
1994

?

Group Milnei Culicoides austeni Carter, Ingram and
Macfie, 1920

?

Culicoides hortensis Khamala, 1991 ? R

Culicoides krameri Clastrier, 1958 ? R

Culicoides milnei Austen, 1909 ? R

Culicoides quinquelineatus Goetghebuer,
1934

?

Group Neavei Culicoides neavei Austen, 1912 ? R

Group
Nigripennis

Culicoides sp. ?

Family Tabanidae
Tabanus Linnaeus
1758

Group Tabanini Tabanus biguttatus Wiedemann, 1830 R

Tabanus congoiensis Ricardo, 1908 R

Tabanus obscurefumatus Surcouf, 1906 R

Tabanus taeniola, Palisot de Beauvois,
1806

R

Tabanus principis Bequaert, 1930 E

Tabanus monocallosus Travassos Dias,
1955

E

ORDER IXODIDA

Family Ixodidae
Amblyomma Koch,
1844

Amblyomma astrion Dönitz, 1909 R

Amblyomma splendidum Giebel, 1877 R R

Amblyomma variegatum Fabricius, 1794 R

Family Argasidae
Ornithodoros Koch,
1837

Subgenus
Alectorobius

Ornithodoros capensis Neumann, 1901 *

a Found on Tinhosas Islands



400 C. Loiseau et al.

References

Adler PH, McCreadie JW (2019) Black flies (Simuliidae). In: Mullen GR, Durden LA (eds)
Medical and veterinary entomology, 3rd edn. Academic Press, San Diego, pp 237–258

Agbolade OM, Akinboye DO, Olateju TM et al (2006) Biting of anthropophilic Culicoides
fulvithorax (Diptera: Ceratopogonidae), a vector of Mansonella perstans in Nigeria. Korean
Journal of Parasitology 44:67–72

Alvar J, Vélez ID, Bern C et al (2012) Leishmaniasis worldwide and global estimates of its
incidence. PLoS One 7:e35671

Augot D, Mathieu B, Hadj-Henni L et al (2017) Molecular phylogeny of 42 species of Culicoides
(Diptera, Ceratopogonidae) from three continents. Parasite 24:23

Baez M (1987) Atlas preliminar de los mosquitos de las islas Canarias (Diptera, Culicidae). Vieraea
17:193–202

Baldacchino F, Desquesnes M, Mihok S, Foil LD, Duvallet G, Jittapalapong S (2014) Tabanids:
neglected subjects of research, but important vectors of diseases. Infection, Genetic and
Evolution 28:596–615

Bargielowski IE, Lounibos LP (2016) Satyrization and satyrization-resistance in competitive
displacements of invasive mosquito species. Insect Science 23:162–174

Bataille A, Cunningham AA, Cedeno V et al (2009) Evidence for regular ongoing introductions of
mosquito disease vectors into the Galapagos Islands. Proceedings of the Royal Society B:
Biological Sciences 276:3769–3775

Batovska J, Lynch SE, Cogan NOI et al (2018) Effective mosquito and arbovirus surveillance using
metabarcoding. Molecular Ecology Resources 18:32–40

Bequaert J (1930) Tabanidae. In: Report of the Harvard-African expedition upon the African
Republic of Liberia and the Belgian Congo. Entomology. Harvard University Press, Cambridge,
pp 858–971

Boerlijst SP, Trimbos KB, Van der Beek JG, Dijkstra KDB, Van der Hoorn BB, Schrama M (2019)
Field evaluation of DNA based biodiversity monitoring of Caribbean mosquitoes. Frontier in
Ecology and Evolution 7:240

Bollen A, Matilde E, Barros N (2018) An updated assessment of the seabird populations breeding at
Príncipe and Tinhosas. Ostrich 89:47–58

Borkent A (2004) 10. The biting midges, the Ceratopogonidae (Diptera). In: Marquardt WC
(ed) Biology of disease vectors, 2nd edn. Elsevier Academic Press, San Diego, pp 113–126

Borkent A, Dominiak P (2020) Catalog of the biting midges of the world (Diptera:
Ceratopogonidae). Zootaxa 4787:1–377

Braack L, Gouveia de Almeida AP, Cornel AJ et al (2018) Mosquito-borne arboviruses of African
origin: review of key viruses and vectors. Parasites and Vectors 11:29

Brown JE, McBride CS, Johnson P et al (2011) Worldwide patterns of genetic differentiation imply
multiple ‘domestications’ of Aedes aegypti, a major vector of human diseases. Proceedings of
the Royal Society B Biological Sciences 278:2446–2454

Bruto da Costa BF (1913) Travaux sur la maladie du sommeil. L’assainissement, la statistique, les
services hospitaliers et la brigade officielle à l’ile du Prince. A Editora Limitada, Lisbon, p 69

Callot J, Kremer M, Mouchet J, Bach A (1965) Contribution à 1’étude de ceratopogonidés (Diptera)
de Kumba (Cameroun). Description de C. kumbaensis n. sp. Bulletin de la Société de Pathologie
Exotique 58:536–548

Carles-Tolra M (2002) Catálogo de los díptera de España, Portugal y Andorra (Insecta).
Monografias Sociedad Entomológica Aragonesa 8:1–323

Chandy A, Thakur AS, Singh MP, Manigauha A (2011) A review of neglected tropical diseases:
filariasis. Asian Pacific Journal of Tropical Medicine 4:581–586

Chen Y, Lien J, Tseng L et al (2019) Effects of indoor residual spraying and outdoor larval control
on Anopheles coluzzii from São Tomé and Príncipe, two islands with pre-eliminated malaria.
Malaria Journal 18:405



15 Diversity and Distribution of the Arthropod Vectors of the Gulf of. . . 401

Chippaux J-P, Chippaux A (2018) Yellow fever in Africa and the Americas: a historical and
epidemiological perspective. Journal of Venomous Animals and Toxins including Tropical
Diseases 24:20

Crosskey RW (1990) The natural history of blackflies. London and John Wiley & Sons, Chichester,
p 711

Currie DC, Adler PH (2008) Global diversity of black flies (Diptera: Simuliidae) in freshwater.
Hydrobiologia 595:469–475

Daep CA, Muñoz-Jordán JL, Eugenin EA (2014) Flaviviruses, an expanding threat in public health:
focus on dengue, West Nile, and Japanese encephalitis virus. Journal of Neurovirology 20:539–
560

De Geier J, Cecchi G, Paone M, Dede P, Zhao WN (2020) The continental atlas of tsetse and
African animal trypanosomosis in Nigeria. Acta Tropica 204:105328

Delécolle J-C, Paupy C, Rahola N, Mathieu B (2013) Description morphologique et moléculaire
d’une nouvelle espèce de Culicoides (Avaritia) du Gabon (Diptera, Ceratopogonidae). Bulletin
de la Société Entomologique de France 118:513–519

Dipeolu O (1976) Species distribution and abundance of Culicoides Latreille (Diptera,
Ceratopogonidae) in Nigeria. Bulletin of Entomological Research 66:685–693

Edman JD (2009) Medical entomology. In: Resh VH, Cardé RT (eds) Encyclopedia of insects, 2nd
edn. Academic Press, London, Oxford, Boston, New York and San Diego, pp 614–618

Edwards FW (1934) The Percy Sladen and godman trusts expedition to the islands in the Gulf of
Guinea, October 1932 – March 1933. II Diptera Nematocera. The Annals and Magazine of
Natural History 10:321–336

Fan CK, Chang YT, Hsu CH et al (2013) Lymphatic elephantiasis in one neglected African
country – Democratic Republic of São Tomé e Príncipe. Tropical Medicine and Surgery 1:108

Figueiredo Moura da Silva EL (2019) Tropical medicine behind cocoa slavery: a campaign to
eradicate sleeping sickness in the Portuguese colony of Príncipe Island, 1911–1914. Bulletin for
Spanish and Portuguese Historical Studies 44:28

Fonseca DM, Lapointe DA, Fleischer RC (2000) Bottlenecks and multiple introductions: popula-
tion genetics of the vector of avian malaria in Hawaii. Molecular Ecology 9:1803–1814

Fraga de Azevedo J, Silva Tendeiro JL, Almeida F (1956) Notícia sobre a tsé-tsé da ilha do
Príncipe. Garcia de Orta Série de Zoologia 4:507–522

Fraga de Azevedo J, Costa Mourão M, Castro Salazar JM, Tendeiro J, Almeida Franco LT (1960)
As filaríases na ilha do Príncipe (1958). Anais do Instituto de Medicina Tropical 17:621–639

Gãndara A (1956) Subsídio para o estudo dos culicídeos (Diptera) de São Tomé e Príncipe. Anais
do Instituto de Medicina Tropical 13:419–428

Garske T, Van Kerkhove MD, Yactayo S et al (2014) Yellow fever in Africa: estimating the burden
of disease and impact of mass vaccination from outbreak and serological data. PLoS Med 11:
e1001638

Glick JI (1990) Culicoides biting midges (Diptera: Ceratopogonidae) of Kenya. Journal of Medical
Entomology 27:85–195

Grácio AJS (1988) Blackflies (Diptera: Simuliidae) from São Tomé e Príncipe. 1. São Tomé
Island. In: Instituto de Higiene e Medicina Tropical. Primeiras Jornadas Internacionais de
Medicina Tropical (Abstracts). Instituto de Higiene e Medicina Tropical, Lisbon, p 88

Grácio AJS (1999) Blackflies (Diptera:Simuliidae) from São Tomé e Príncipe 1. São Tomé Island.
Acta Parasitológica Portuguesa 2:3–11

Guichard S, Guis H, Tran A, Garros C, Balenghien T, Kriticos DJ (2014) Worldwide niche and
future potential distribution of Culicoides imicola, a major vector of bluetongue and African
horse sickness viruses. PLoS One 9:e112491

Hajibabaei M, Singer GAC, Hebert PDN, Hickey DA (2007) DNA barcoding: how it complements
taxonomy, molecular phylogenetics, and population genetics. Trends in Genetics 23:167–172

Hoogstraal H (1979) Review article: the epidemiology of tick-borne Crimean-Congo hemorrhagic
fever in Asia, Europe, and Africa. Journal of Medical Entomology 15:307–417



402 C. Loiseau et al.

Hopkins GHE (1952) Mosquitoes of the Ethiopian region. I. Larval bionomics of mosquitoes and
taxonomy of culicine larvae. British Museum, Natural History, London, viii + 355 p

Hsi T-E, Hsiao S-W, Minahan NT et al (2020) Seroepidemiological and molecular investigation of
spotted fever group rickettsiae and Coxiella burnetii in São Tomé Island: a one health approach.
Transboundary and Emerging Disease 67:36–43

Kamgang B, Vazeille M, Tedjou AN et al (2019a) Risk of dengue in Central Africa: vector
competence studies with Aedes aegypti and Aedes albopictus (Diptera: Culicidae) populations
and dengue 2 virus. PLOS Neglected Tropical Diseases 13:e0007985

Kamgang B, Vazeille M, Yougang AP et al (2019b) Potential of Aedes albopictus and Aedes
aegypti (Diptera: Culicidae) to transmit yellow fever virus in urban areas in Central Africa.
Emerging Microbes and Infections 8:1636–1641

Kraemer MUG, Reiner RC Jr, Brady OJ et al (2019) Past and future spread of the arbovirus vectors
Aedes aegypti and Aedes albopictus. Nature Microbiology 4:854–863

Krinsky WL (2019) Tsetse flies (Glossinidae). In: Mullen GR, Durden LA (eds) Medical and
veterinary entomology, 3rd edn. Academic Press, San Diego, pp 369–382

Krol L, Van der Hoorn B, Gorsich EE, Trimbos K, Bodegom PM, Schrama M (2019) How does
eDNA compare to traditional trapping? Detecting mosquito communities in south-African
freshwater ponds. Front Ecol Evol 7:260

Labuschagne K (2016) The Culicoides Latreille (Diptera: Ceratopogonidae) species of
South Africa. PhD Thesis. University of Pretoria, Pretoria

Le Goff G, Bousses P, Julienne S et al (2012) The mosquitoes (Diptera: Culidae) of Seychelles:
taxonomy, ecology, vectorial importance, and identification keys. Parasites and Vectors 5:207

Le Goff G, Goodman SM, Elguero E, Robert V (2014) Survey of the mosquitoes (Diptera:
Culicidae) of Mayotte. PLoS One 9:e100696

Lee PW, Liu CT, Rosario VE et al (2010) Potential threat of malaria epidemics in a low
transmission area, as exemplified by São Tomé and Príncipe. Malaria Journal 9:264

Loiseau C, Melo M, Lobato E et al (2017) Insularity effects on the assemblage of the blood parasite
community of the birds from the Gulf of Guinea. Journal of Biogeography 44:2607–2617

Loiseau C, Melo M, Lee Y et al (2019) High endemism of mosquitoes on São Tomé and Príncipe
Islands: evaluating the general dynamic model in a worldwide island comparison. Insect
Conservation and Diversity 12:69–79

Mellor PS (1990) The replication of bluetongue virus in Culicoides vectors. In: Roy P, Gorman BM
(eds) Bluetongue viruses. Current topics in microbiology and immunology, vol 162. Springer,
Berlin, Heidelberg

Mellor PS, Hamblin C (2004) African horse sickness. Veterinary Research 35:445–466
Mellor PS, Boorman J, Baylis M (2000) Culicoides biting midges: their role as arbovirus vectors.

Annual Review of Entomology 45:307–340
Mesquita VHB (1946) Contribuição para o estudo do sezonismo em S. Tomé. Boletim Geral das

Colónias 12:13–51
Mesquita VHB (1952) Some notes about malaria in St. Thomas islands. Boletim Geral do Ultramar

27:39–52
Meyer A, Holt HR, Selby R, Guitian J (2016) Past and ongoing tsetse and animal trypanosomiasis

control operations in five African countries: a systematic review. PLOS Neglected Tropical
Diseases 10:e0005247

Moreno M, Salgueiro P, Vicente JL et al (2007) Genetic population structure of Anopheles gambiae
in Equatorial Guinea. Malaria Journal 6:137

Mourão MC (1964) Relatório da missão de estudo e combate de endemias de S. Tomé e Príncipe.
Anais do Instituto de Medicina Tropical 21:501–539

Mullens BA (2019) Horse flies and deer flies (Tabanidae). In: Mullen GR, Durden LA (eds)
Medical and veterinary entomology, 3rd edn. Academic Press, San Diego, pp 327–343

Munstermann LE (2019) Phlebotomine sand flies and moth flies (Psychodidae). In: Mullen GR,
Durden LA (eds) Medical and veterinary entomology, 3rd edn. Academic Press, San Diego, pp
191–211



15 Diversity and Distribution of the Arthropod Vectors of the Gulf of. . . 403

Mustapha M, Jarvis W, Post RJ (2004) The Simuliidae (Diptera) of the republic of São Tomé and
Príncipe, including the description of a new species. African Invertebrates 45:143–155

Nelder MP, Russel CB, Sheehan NJ et al (2016) Human pathogens associated with the blacklegged
tick Ixodes scapularis: a systematic review. Parasites and Vectors 9:265

Nevill EM, Stuckenberg BR, Phelps RJ (1994) Vectors: Tabanidae. In: Coetzer JAW, Thomson
GR, Tustin RC (eds) Infectious diseases of livestock: with special reference to southern Africa.
Oxford University Press, Cape Town and New York, pp 62–67

Nicholson WL, Sonnenshine DE, Noden BH, Brown RN (2019) Ticks (Ixodida). In: Mullen GR,
Durden LA (eds) Medical and veterinary entomology, 3rd edn. Academic Press, San Diego, pp
603–672

Palmer RW, Craig DA (2000) An ecological classification of primary labral fans of filter-feeding
black fly (Diptera: Simuliidae) larvae. Canadian Journal of Zoology 78:199–218

Pape T, Blagoderov V, Mostovski MB (2011) Order Diptera Linnaeus, 1758. Zootaxa 3148:222–
229

Parola P, Paddock CD, Socolovschi C (2013) Update on tick-borne rickettsioses around the world: a
geographic approach. Clinical Microbiology Reviews 26:657–702

Paupy C, Delatte H, Bagny L, Corbel V, Fontenille D (2009) Aedes albopictus, an arbovirus vector:
from the darkness to the light. Microbes and Infection 11:1177–1185

Paupy C, Ollomo B, Kamgang B et al (2010) Comparative role of Aedes albopictus and Aedes
aegypti in the emergence of dengue and chikungunya in Central Africa. Vector-Borne and
Zoonotic Diseases 10:259–266

Pinhão RC, Mourão MC (1961) Contribuição para o estudo dos Culicidae (Diptera) da ilha do
Príncipe. Anais do Instituto de Medicina Tropical 18:29–33

Pinto J, Sousa CA, Gil V et al (2000a) Mixed-species malaria infections in the human population of
São Tomé island, West Africa. Transactions of the Royal Society of Tropical Medicine and
Hygiene 94:256–257

Pinto J, Sousa CA, Gil V et al (2000b) Malaria in São Tomé and Príncipe: parasite prevalences and
vector densities. Acta Tropica 76:185–193

Post RJ, Flook PK, Millest AL et al (2003) Cytotaxonomy, morphology and molecular systematics
of the Bioko form of Simulium yahense (Diptera: Simuliidae). Bulletin of Entomological
Research 93:145–157

Ramos HC, Ribeiro H, Pires CA, Capela RA (1989) Os mosquitos (Diptera, Culicidae) da ilha do
Príncipe. Garcia de Orta Série de Zoologia 16:163–170

Ramos HC, Capela RA, Ribeiro H (1994) Description of Aedes (Aedimorphus) gandarai, a new
species from the island of São Tomé, with keys to all known species of the Tarsalis group
(Diptera: Culicidae). Mosquito Systematics 26:97–104

Reeves WK, Lloyd JE (2019) Louse flies, keds, and bat flies (Hippoboscoidea). In: Mullen GR,
Durden LA (eds) Medical and veterinary entomology, 3rd edn. Academic Press, San Diego, pp
421–438

Reis S, Cornel AJ, Melo M, Pereira H, Loiseau C (2017) First record of Aedes albopictus (Skuse
1894) on São Tomé Island. Acta Tropica 171:86–89

Reis S, Melo M, Covas R et al (2021) Influence of land use and host species on parasite richness,
prevalence and co-infection patterns. International Journal of Parasitology 51:83–94

Ribeiro H (1993) On the terrestrial and riverine fauna of the Democratic Republic of São Tomé and
Príncipe. VII – description of Toxorhynchiles capelai sp. nov. (Diptera, Culicidae). Garcia de
Orta Série de Zoologia 19:135–138

Ribeiro H, Ramos HC (1999) Identification keys of the mosquitoes (Diptera: Culicidae) of
continental Portugal, Azores and Madeira. European Mosquito Bulletin 3:1–11

Ribeiro H, Ramos HC, Capela RA, Pires CA (1998) Os mosquitos (Diptera: Culicidae) da Ilha de
São Tomé. Garcia de Orta Série de Zoologia 22:1–20

Ross R (1911) The prevention of malaria. John Murray, London
Rueda LM (2008) Global diversity of mosquitoes (Insecta: Diptera: Culicidae) in freshwater.

Hydrobiologia 595:477–487



404 C. Loiseau et al.

Rueda LM, Pecor JE, Reeves WK et al. (2011, Jul–Sep) Mosquitoes of Guam and the Northern
Marianas: distribution, checklists, and notes on mosquito-borne pathogens. U.S. Army Medical
Department Journal Jul–Sep:17–28 https://doi.org/10.21236/ada550625

Service MW (1978) Review article: a short history of early medical entomology. Journal of Medical
Entomology 14:603–626

Sousa CA, Pinto J, Almeida PG, Ferreira CA, Rosa VE, Charlwood JD (2001) Dogs as a favored
host choice of Anopheles gambiae sensu stricto (Diptera: Culicidae) of São Tomé, West Africa.
Journal of Medical Entomology 38:122–125

Taioe MO, Motloang MY, Namangala B et al (2017) Characterization of tabanid flies (Diptera:
Tabanidae) in South Africa and Zambia and detection of protozoan parasites they are
harbouring. Parasitology 144:1162–1178

Teklehaimanot HD, Teklehaimanot A, Kiszewski A, Rampao HS, Sachs JD (2009) Malaria in São
Tomé and Príncipe: on the brink of elimination after three years of effective antimalarial
measures. The American Journal of Tropical Medicine and Hygiene 80:133–140

Tendeiro J (1956) Nota prévia sobre o novo aparecimento de uma tsé-tsé,Glossina palpalis palpalis
Robineau-Desvoidy, na ilha do Príncipe. Garcia de Orta Série de Zoologia 4:47–48

Tendeiro J (1957) Ixodídeos encontrados em S. Tomé e Príncipe. Boletim Cultural da Guiné
Portuguesa 12:39–46

Travassos Santos Dias JA (1955) Uma nova espécie de tabanídea (Diptera, Tabanidae) para a fauna
da ilha de S. Tomé. Memórias e Estudos do Museu Zoológico da Universidade de Coimbra 233:
2–7

Travassos Santos Dias JA (1988) Nova contribuição para o conhecimento da ixodofauna (Acarina,
Ixodoidea) da República Democrática de S. Tomé e Príncipe. Garcia de Orta Série de Zoologia
15:35–40

Tsai K-H, Yen T-Y, Wu W-J, Carvalho R, Raoult D, Fournier P-E (2020) Investigation of
Ctenocephalides felis on domestic dogs and Rickettsia felis infection in the Democratic Repub-
lic of São Tomé and Príncipe. Zoonoses Public Health 67:884–894

Tseng LF, Chang WC, Ferreira MC et al (2008) Rapid control of malaria by means of indoor
residual spraying of alphacypermethrin in the Democratic Republic of São Tomé and Príncipe.
The American Journal of Tropical Medicine and Hygiene 78:248–250

Uilenberg G, Corten JJFM, Dwinger RH (1982) Heartwater (Cowdria ruminantium infection) on
São Tomé. Veterinary Quarterly 4:106–107

Valkiūnas G (2004) Avian malaria parasites and other Haemosporidia. CRC Press, Boca Raton,
p 932

Valle S, Barros N, Ramírez I, Wanless RM (2016) Population estimates of the breeding birds of the
Tinhosas islands (gulf of Guinea), the only major seabird colony of the eastern tropical Atlantic.
Ostrich 87:209–215

Walter Reed Biosystematics Unit (2001) Systematic catalog of Culicidae. Smithsonian Institute,
Washington DC

Wanji S, Tayong DB, Ebai R et al (2019) Update on the biology and ecology of Culicoides species
in the south-west region of Cameroon with implications on the transmission of Mansonella
perstans. Parasite and Vectors 12:166

Welburn SC, Fèvre EM, Coleman PG, Odiit M, Maudlin I (2001) Sleeping sickness: a tale of two
diseases. Trends in Parasitology 17:19–24

WHO (2014) A global brief on vector-borne diseases. WHO Press, Geneva
WHO (2019) Mapping of lymphatic filariasis at site level. Available via Health ministries & ESPEN

partnership. https://espen.afro.who.int/countries/sao-tome-Príncipe. Accessed 21 Oct 2021
Wirth EW, Derren JO (1976) New species and records of biting midges (Diptera: Ceratopogonidae)

associated with cacao in São Tomé, West Africa. Mitteilungen der Schweizerischen
Entomologischen Gesellschaft 49:229–237

Yen T-Y, Trovoada dos Santos J, Tseng L-F et al (2016) Seroprevalence of antibodies against
dengue virus among pregnant women in the Democratic Republic of São Tomé and Príncipe.
Acta Tropica 155:58–62

https://doi.org/10.21236/ada550625
https://espen.afro.who.int/countries/sao-tome-Pr%C3%ADncipe


Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License ( , which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

http://creativecommons.org/licenses/by/4.0/)

15 Diversity and Distribution of the Arthropod Vectors of the Gulf of. . . 405

http://creativecommons.org/licenses/by/4.0/


Luis M. P. Ceríaco • Ricardo F. de Lima •

Martim Melo • Rayna C. Bell
Editors

Biodiversity of the Gulf
of Guinea Oceanic Islands
Science and Conservation



Martim Melo
CIBIO, Centro de Investigação em
Biodiversidade e Recursos Genéticos
InBIO Laboratório Associado

ISBN 978-3-031-06152-3 ISBN 978-3-031-06153-0 (eBook)
https://doi.org/10.1007/978-3-031-06153-0

Associação BIOPOLIS
Sponsoring Party
Research Centre in Biodiversity and Genetic Resources - Research Network in Biodiversity and
Evolutionary Biology (CIBIO), University of Porto, Campus de Vairão, Vila do Conde, Portugal
Represented by Nuno Miguel dos Santos Ferrand de Almeida (Director of CIBIO)
© The Editor(s) (if applicable) and The Author(s) 2022. This book is an open access publication.
Open Access This book is licensed under the terms of the Creative Commons Attribution 4.0 International
License ( , which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons license and indicate if changes
were made.
The images or other third party material in this book are included in the book’s Creative Commons license,
unless indicated otherwise in a credit line to the material. If material is not included in the book’s Creative
Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright holder.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

Front cover photo: ©Alexandre Vaz

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

http://creativecommons.org/licenses/by/4.0/)

Editors
Luis M. P. Ceríaco
Museu de História Natural e da Ciência da
Universidade do Porto
Porto, Portugal

Ricardo F. de Lima
Centre for Ecology, Evolution and
Environmental Changes (cE3c)
Faculdade de Ciêncas, Universidade de Lisboa
Lisbon, Portugal

Rayna C. Bell
Herpetology Department
California Academy of Sciences
San Francisco, CA, USA

Universidade do Porto
Vairão, Portugal

https://doi.org/10.1007/978-3-031-06153-0
http://creativecommons.org/licenses/by/4.0/

	Foreword 1
	Foreword 2
	Foreword 3
	Ex Africa Semper Aliquid Novi

	Acknowledgements
	Contents
	Contributors
	Chapter 1: Biodiversity in the Gulf of Guinea Oceanic Islands: A Synthesis
	Introduction
	Historical Biodiversity Syntheses
	A New Synthesis
	Book Structure
	Current Numbers, Current Biases
	References

	Chapter 2: Physical Geography of the Gulf of Guinea Oceanic Islands
	Introduction
	Location, Extent, and Political Boundaries
	Geological History
	Quaternary Sea-Level Fluctuations
	Topography and Hydrography
	Geology and Soils
	Climate
	Wind and Ocean Currents
	Conclusions
	References

	Chapter 3: Classification, Distribution, and Biodiversity of Terrestrial Ecosystems in the Gulf of Guinea Oceanic Islands
	Introduction
	Ecological Setting and Previous Classifications
	São Tomé Island
	Abiotic Gradients
	Human Disturbance
	Previous Vegetation and Phytogeographical Classification

	Príncipe Island
	Abiotic Gradients
	Human Disturbance
	Previous Vegetation and Phytogeographical Classification

	Annobón Island
	Abiotic Gradients
	Human Disturbance
	Previous Vegetation and Phytogeographical Classification


	Classification Synthesis
	Methodology
	Spatial Information
	Synthetic Classification Mapping
	Mapping Non-Forested Areas

	Ecosystem Delimitations
	Coastal Ecosystems
	Non-coastal Wetlands
	Inland Uplands
	Lowland Deciduous Forests
	Lowland Moist and Wet Rainforests
	Submontane Rainforest
	Montane Forests
	Montane Low Forest, Grasslands, and Shrublands



	Discussion
	Is It Still Valid to Define Ecosystems Based on Altitude?
	What Is the Extent of Novel Ecosystems?
	Which Factors Drive the Establishment of Novel Ecosystems?
	How to Prioritize Conservation Efforts?
	How to Improve Ecosystem Monitoring Through Space and Time?
	The Need for a Unified Classification of Ecosystems for Central Africa

	Conclusions
	References

	Chapter 4: Territory, Economy, and Demographic Growth in São Tomé and Príncipe: Anthropogenic Changes in Environment
	Gulf of Guinea Oceanic Islands: A Biological Laboratory of Landscape Alteration
	Demographic Growth, Territory, and Urban Sprawl
	Culture and the Concepts of Obô and Omali: When Conservation Collides with Development
	The Limits of Environmental Change: A Dystopian Panorama?
	References

	Chapter 5: The History of Biological Research in the Gulf of Guinea Oceanic Islands
	Introduction
	Eighteenth Century to Mid-Nineteenth Century
	Mid-Nineteenth Century to Early Twentieth Century
	Early Twentieth Century to the Independence of Equatorial Guinea (1968) and São Tomé and Príncipe (1975)
	The First Decades of Independence
	Twenty-First Century: A New Generation of Researchers
	References

	Chapter 6: Biogeography and Evolution in the Oceanic Islands of the Gulf of Guinea
	Introduction
	Biogeography
	The Importance of Geography

	Just in the Right Place: Close, But Not Too Close, to a Large and Species-Rich Continent
	Colonization Outweighs In Situ Diversification as a Source of New Species Diversity
	Getting There: Modes of Active and Passive Dispersal
	The Temporal Setting
	Hybridization and Speciation in the Gulf of Guinea

	Evolution on Islands
	The ``Island Syndrome´´
	Inter-Specific Competition Accelerates Phenotypic Evolution

	Concluding Remarks
	References

	Chapter 7: Species Ecology in the Gulf of Guinea Oceanic Islands: Distribution, Habitat Preferences, Assemblages, and Interact...
	Introduction
	Distribution
	Population Estimates
	Species Traits
	Habitat Associations
	Species Interactions
	Concluding Remarks
	References

	Chapter 8: Fungi of São Tomé and Príncipe Islands: Basidiomycete Mushrooms and Allies
	Introduction
	History of Agaricomycetes Research
	Diversity and Endemism
	Ecology and Conservation
	Agaricomycetes of São Tomé and Príncipe
	Order Agaricales
	Order Boletales
	Order Stereopsidales
	Order Polyporales
	Order Thelephorales
	Order Russulales
	Order Hymenochaetales
	Order Phallales
	Order Gomphales
	Order Geastrales
	Order Trechisporales
	Order Auriculariales
	Order Cantharellales

	Summary and Future Research
	Appendix
	References

	Chapter 9: The Bryophyte Flora of São Tomé and Príncipe (Gulf of Guinea): Past, Present and Future
	Introduction
	Herbarium Specimens and Associated Documentation
	Historical Correspondence
	Correspondence from Júlio Henriques to Franz Stephani
	Correspondence from Júlio Henriques to Carl Müller
	Correspondence from Júlio Henriques to Viktor Ferdinand Brotherus
	Correspondence from Júlio Henriques to Francisco Quintas
	Correspondence from Francisco Newton to Júlio Henriques

	Historical Collecting Localities
	Recent Studies
	Diversity, Composition and Endemism
	Final Remarks
	Appendix
	References

	Chapter 10: Diversity of the Vascular Plants of the Gulf of Guinea Oceanic Islands
	Sampling Efforts Through Time
	São Tomé
	Príncipe
	Annobón

	Spatial Distribution of Collecting Effort
	The Database
	Collecting Effort
	Floristic Diversity

	Main Findings of the Botanical Expeditions on São Tomé and Príncipe, 2019-2020
	Endemism
	Conservation
	The Medicinal Plants of São Tomé and Príncipe
	Improving Local Botanical Practices and Knowledge
	Concluding Remarks
	References

	Chapter 11: A Checklist of the Arachnids from the Gulf of Guinea Islands (Excluding Ticks and Mites)
	Introduction
	A Brief History of Arachnological Research
	Arachnids of the Gulf of Guinea Islands
	Order Amblypygi
	Order Araneae
	Order Opiliones
	Order Pseudoscorpionida
	Order Ricinulei
	Order Scorpiones
	Order Schizomida

	Diversity, Endemism, and Introduced Species
	What We Know of the Arachnid Fauna, and Likely Do Not
	Appendix
	References
	Further Reading


	Chapter 12: The Beetles (Coleoptera) of Príncipe, São Tomé and Annobón
	Introduction
	Diversity of the Beetle Fauna
	Distinctiveness of the Beetle Fauna
	Knowledge Gaps
	Soil Coleoptera
	Epiphytic Coleoptera
	Coleoptera Associated with Decaying Wood
	Freshwater Coleoptera
	Coleoptera of Agricultural Importance
	Some Charismatic Species
	Concluding Remarks
	Appendix
	References
	Further Reading cited in Appendix


	Chapter 13: Butterflies and Skippers (Lepidoptera: Papilionoidea) of the Gulf of Guinea Oceanic Islands
	Introduction
	The Papilionoidea of the Gulf of Guinea Oceanic Islands: Data Sources
	Incorrectly Recorded Taxa
	Composition, Diversity, and Endemism of the GGOI Papilionoidea
	Conservation
	Potential Future Discoveries and Research
	Appendix
	References

	Chapter 14: Dragonflies and Damselflies (Odonata) of Príncipe, São Tomé, and Annobón
	Research History
	Species Diversity
	A Poor Fauna?
	Conclusions
	References

	Chapter 15: Diversity and Distribution of the Arthropod Vectors of the Gulf of Guinea Oceanic Islands
	Introduction
	Diversity, Endemism, and Disease Ecology
	Class Insecta
	Order Diptera
	Suborder Nematocera
	Family Culicidae
	Early Expeditions (1932-1964)
	Further Expeditions in the Second Half of the Twentieth Century
	Recent Surveys (Within First Quarter of the Twenty-First Century)

	Family Simuliidae
	Family Ceratopogonidae

	Suborder Brachycera
	Family Tabanidae
	Family Glossinidae

	Order Siphonaptera


	Class Arachnida
	Order Ixodida
	Family Ixodidae
	Family Argasidae


	Distribution, Biology, and Habitat Specificity
	Mosquito Habitat and Distribution on São Tomé and Príncipe
	Anthropophilic Mosquitoes
	Opportunistic Mosquitoes

	Black Fly Habitat and Distribution on São Tomé

	Directions for Future Disease Insect Vector Research
	Sampling Effort in Diverse Habitats and Specific Vector Families
	New Complementary Tools to Evaluate Vector Diversity

	Appendix
	References

	Chapter 16: Terrestrial Mollusca of the Gulf of Guinea Oceanic Islands
	Introduction
	Species Diversity
	General Patterns
	Islands Accounts

	Biogeographical Considerations

	Habitat Associations
	Conservation
	Concluding Remarks
	Appendix
	References

	Chapter 17: The Fishes of the Gulf of Guinea Oceanic Islands
	Introduction
	Brief History of Ichthyology Research
	Marine and Freshwater Ecosystems
	Major Aquatic Ecosystems in the Gulf of Guinea Oceanic Islands

	Species Diversity
	Elasmobranchii
	Holocephali
	Actinopteri

	Biogeography and Evolution of Fishes in Gulf of Guinea Oceanic Islands
	Conservation
	Concluding Remarks
	Appendix
	References
	Further Reading


	Chapter 18: The Amphibians of the Gulf of Guinea Oceanic Islands
	Introduction
	History of Amphibian Research
	Diversity and Endemism
	Gymnophiona
	Family Dermophiidae

	Anura
	Family Arthroleptidae
	Family Hyperoliidae
	Family Phrynobatrachidae
	Family Ptychadenidae


	Conservation
	Future Research
	References

	Chapter 19: The Terrestrial Reptiles of the Gulf of Guinea Oceanic Islands
	Introduction
	History of Reptile Research
	Diversity and Endemism
	Crocodilians
	Terrapins
	Family Pelomedusidae

	Squamata
	Family Gekkonidae
	Family Scincidae
	Family Typhlopidae
	Family Lamprophiidae
	Family Colubridae
	Family Elapidae


	Conservation
	Future Research
	References

	Chapter 20: The Sea Turtles of São Tomé and Príncipe: Diversity, Distribution, and Conservation Status
	Introduction
	History of Sea Turtle Conservation in São Tomé and Príncipe
	Species and Status
	Distribution and Habitat
	Nesting Beaches
	Foraging Grounds

	Main Threats for the Survival of Sea Turtles
	Conservation
	References

	Chapter 21: The Avifauna of the Gulf of Guinea Oceanic Islands
	History of Ornithological Research
	Species Diversity and Distribution
	General Patterns
	Island Accounts
	Habitat Associations

	The Endemic Birds
	How Many Endemics?
	Bird Endemism of the Gulf of Guinea Oceanic Islands in Perspective
	Why So Many Endemic Birds?
	Systematics of the Endemic Birds: New Insights from Molecular Data

	Conservation
	Concluding Remarks
	Appendix
	References

	Chapter 22: Current Knowledge and Conservation of the Wild Mammals of the Gulf of Guinea Oceanic Islands
	Introduction
	A Brief History of Mammal Research
	Current State of Knowledge
	Order Primates
	Family Cercopithecidae

	Order Rodentia
	Family Muridae
	Other Species

	Order Eulipotyphla
	Family Soricidae

	Order Chiroptera
	Family Pteropodidae
	Family Hipposideridae
	Family Emballonuridae
	Family Molossidae
	Family Vespertilionidae
	Family Miniopteridae

	Order Carnivora
	Family Mustelidae
	Family Viverridae


	Conservation
	Challenges and Future Research
	Appendix
	References

	Chapter 23: Cetaceans of São Tomé and Príncipe
	Introduction
	Cetacean Occurrences Based on Historical Whaling Data
	Background on Historical Whaling in the Gulf of Guinea
	Industrial Whaling in São Tomé and Príncipe
	Historical Catches of Cetaceans in the Gulf of Guinea Region

	Recent Data from Fieldwork on São Tomé and Príncipe
	Cetacean Species Recorded in São Tomé and Príncipe Waters

	Threats, Conservation Needs, and Future Research
	Appendix
	References

	Chapter 24: Biodiversity Conservation in the Gulf of Guinea Oceanic Islands: Recent Progress, Ongoing Challenges, and Future D...
	Introduction
	People and Biodiversity: Close Together on Small Islands
	Conservation Initiatives
	Threatened Species
	Site-Based Conservation
	Concluding Remarks
	Appendix: International Agreements and National Legislation and Strategies Relevant to Biodiversity Conservation
	References

	Chapter 25: Environmental Education in São Tomé and Príncipe: The Challenges of Owning a Unique Biodiversity
	Brief Historical Background of Environmental Education in São Tomé and Príncipe
	How the Landscape and History Shaped Environmental Education

	From Independence to Strategic Environmental Education Options
	The Current State of Environmental Education in São Tomé and Príncipe
	Formal Education: Environmental Education in Public and Private Schools
	Public Schools
	Private Schools

	Informal Education: Past and Ongoing Efforts

	Approaches to Informal Environmental Education
	Evaluation of Projects
	Challenges and Lessons Learned
	Looking into the Future
	References

	Chapter 26: A Thriving Future for the Gulf of Guinea Oceanic Islands

