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ABSTRACT. The importance of wild meats for rural people is well documented in tropical forests worldwide. However, the case of
oceanic islands remains relatively poorly studied. We assess the contribution made by wild meats to the diets of rural inhabitants in
the Island of Sdo Tomé, characterize the relative importance of native and introduced fauna, and discuss the implications of wild meat
consumption on rural livelihoods and on the conservation of the resident fauna. Using semistructured interviews, we assessed animal
protein consumption in 10 communities (716 household-weeks), around the vicinity of the island’s main protected area, Obo Natural
Park. Fish and the introduced West African giant snail (Archachatina marginata) are the most important sources of protein for rural
inhabitants, with wild terrestrial vertebrates being consumed by only a small fraction of sampled households. Significantly higher
amounts of wild snail and wild mammal meat are consumed in more remote areas with poorer families depending more on snails, and
richer households on fruit bats or introduced mammals. Although eaten in relatively small numbers per household, consumption of
wild birds is widespread, thus when extrapolated to the island’s entire rural population, this practice is likely to be unsustainable,
particularly for endemic pigeons that are also commercially hunted. Our results suggest that rural populations in Sdo Tomé largely
depend on protein from introduced wild species, with native and endemic fauna constituting less important sources. However, endemic
birds and native fruit bats are extensively harvested for household consumption and constitute a commonly used resource that urgently

needs to be regulated.
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INTRODUCTION

Wild meat, or bushmeat, provides a major source of protein for
tropical forest people around the world (Wilkie and Carpenter
1999, Milner-Gulland et al. 2003, Bennett et al. 2007). In the
Congo Basin, wild meat has been estimated to contribute between
30 to 80% of the protein intake for forest-dwelling people
(Koppert et al. 1996). In rural areas with poor access to markets,
wild animals often constitute the cheapest and sometimes the only
type of animal protein available (e.g., Starkey 2004). However,
overharvesting can affect the survival of some species, especially
large-bodied, slow-reproducing taxa (Bakarr et al. 2001, Fa et al.
2002, Milner-Gulland et al. 2003).

Patterns of species extinctions have been well documented across
a wide variety of islands and for a number of taxonomic groups
(Saxetal. 2002). Islands have also lost many native species; among
vertebrates, extinctions have been greatest for bird species, largely
because most other vertebrate groups are relatively depauperate
on islands (Myers et al. 2000, Evans and Fishpool 2001,
Henderson and Whittaker 2003, Burgess et al. 2006). Although
most island extinctions have been attributed to threats such as
predation by exotic species (Blackburn et al. 2004, Sax and Gaines
2008), hunting is known to have caused the extinction of native
fauna on oceanic islands worldwide (Brooke and Tschapka 2002,
Duncan et al. 2002, Fitzpatrick and Keegan 2007).

Recent research on the impact of hunting on the wildlife of large
continental islands, such as Bioko and Madagascar, demonstrate
that sustained overexploitation can affect the long-term survival
of native and vulnerable species (Fa et al. 2000, Jenkins et al.

2011). However, few studies have documented the importance and
impact of wild meat consumption on oceanic island faunas.
Understanding such patterns, as well as the drivers affecting the
use of wild species for food, is an important first step for designing
approaches to redress threats to endemic biodiversity (Bowen-
Jones et al. 2002).

Sao Tomé, the largest oceanic island in the Gulf of Guinea off
the west coast of Africa, is considered of critical conservation
importance because of the numbers of restricted range sympatric
bird species (Bibby et al. 1992, Stattersfield et al. 1998, Buchanan
et al. 2011) and high rates of endemism in a large number of
taxonomic groups. Throughout most of the island, habitat
modification is still the single most important threat affecting the
island’s endemics but uncontrolled hunting also has a heavy
impact on some taxa (Peet and Atkinson 1994, ENPAB 2004,
Carvalho et al. 20154). Hunting for commercial and subsistence
purposes is known to affect introduced species, such as feral pigs,
monkeys, and civets, as well as native species, mainly fruit bats
and birds, particularly pigeons and doves (Rainho et al. 2010,
Carvalho et al. 20154, b). However, no studies have monitored
levels of wild-meat consumption or its impact in Sao Tomé.

We explore the following: (1) the contribution wild meat makes
to protein intake in rural communities in Sdo Tomé; (2) the
importance of introduced versus native wild species; and (3)
factors that determine bushmeat consumption patterns. We
achieve this through interviews with stakeholders in rural
households. We discuss the results within the scope of sustained
livelihoods and the conservation of the island’s unique fauna.
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METHODS

Study area

Sao Tomé, 857 km?, is the larger of the two oceanic islands that
constitute the Democratic Republic of Sdo Tomé and Principe
(Fig. 1). It is located just north of the equator, about 250 km west
of mainland central Africa. The island is characterized by rugged
terrain with numerous steep mountains, reaching up to 2024 m at
the Pico de Sao Tomé. This strong relief creates a marked
precipitation shadow effect, with average annual rainfall ranging
from less than 600 mm in the northeast, to over 6000 mm in the
southwest (J. T. Bredero, W. Heemskerk, and H. Toxopeus, 1977,
unpublished manuscript). Altitude also creates a strong
temperature gradient, with annual averages ranging from 25.5 °©
C at sea level to less than 13.5 °C above 1500 m (Silva 1958).
Humidity is high throughout the year in most of the island with
little seasonal variation (Carvalho et al. 2014). Rain is
concentrated during the wet season, September to May, and a dry
season, “gravana,” extends from June to August. There is also a
less demarcated dry period of a few weeks, “gravanito,” around
December and March (Jones and Tye 2005).

Fig. 1. Location of sampled communities on Sdo Tomé Island.
The rectangle on the inset shows the location of the island off
the west coast of Africa.
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The island’s human population, around 180,000 inhabitants, is
concentrated around the main city and towns; an average density
of 210 inhabitants per km? Population growth rate is estimated
to be over 2% per year. About 34.5% of the population lives below
the poverty level (Alkire et al. 2011), largely depending on natural
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resources because most are unable to afford imported goods.
Almost one-third of the island’s land area has been designated a
protected area, the Parque Natural do Obo (Albuquerque and
Cesarini 2009). The park encompasses most of the island’s
remaining old-growth forest as well as large areas of secondary
forest. There is, however, little enforcement. Around 40 rural
communities are found scattered around the park’s outskirts.
Most communities have limited access to roads, production and
trade of food items, and are therefore precariously poor (FAO
2012). Legislation on hunting has been in preparation since 1995.
It was reviewed in 2012 but has yet to be promulgated (M.
Carvalho, personal communication).

Data collection

We studied 10 rural communities within the island’s 5 main rural
districts between October 2011 and September 2012 (Fig. 1).
Within these, we selected households to sample, stratified by their
location, i.e., two per district, and according to the approximate
number of inhabitants. The country’s 2001 population census
(INESTP 2001) was used as a baseline for community selection.
The number of people within these communities varied from 100
to 200 inhabitants, 30-50 households. All studied communities
were characterized according to (1) their geographical location
relative to the natural park, ocean, and capital city, and
accessibility from main roads, and (2) general socioeconomic
situation, i.e., access to energy, water, sewage, and transportation,
as well as the number of hunters, farmers, palm wine collectors,
and chainsaw operators in each community (Appendix 1).
Because hunting and resource use formal restrictions throughout
the island are not enforced and are largely unknown by most
island inhabitants including those near the national park, we are
confident that our interviewee responses were not affected by any
knowledge of hunting restrictions despite living alongside the
national park.

Before the start of data collection, the aims of the project were
presented to each community. In each community, we mapped
and numbered all households from which we randomly selected
a number for sampling, depending on their will to participate. If
a household was not available or not willing to be interviewed,
another number was selected. Information was collected through
a semistructured interview with the household head or, if absent,
with the person responsible for preparing food. All interviews
were conducted by trained local assistants who would overnight
in the communities during sampling. During the first interview,
we enquired about the household structure and socioeconomic
status, including the number of inhabitants, gender, age,
occupation, and literacy of head of family; household type, access
to energy, water, and sewage; ownership of agricultural fields and/
or livestock and family production; total regular income for all
family members; possession of 14 family assets, e.g, cellphone,
generator, motorbike, stove, television, DVD player, firegun,
airgun. We also included questions on the three most preferred
protein sources, e.g., sea fish, chicken eggs, different domestic
meats, and bushmeat species. We updated information in
subsequent interviews if there were any relevant changes.

To compare data among households and communities,
occupancy of each household was converted into adult male
equivalent (AME), so that a male person aged > 10 years = 1
AME, females aged > 20 years = 0.72 AME, females 10-19 years
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= 0.84 AME, and all children aged < 9 years = 0.6 AME
(Albrechtsen et al. 2006).

We sampled a total of 195 households, corresponding to a total
of 819 inhabitants, between 16 and 21 households per community.
Because not all selected households could be sampled in each of
the 4 interview periods, our final sampling effort was 716
households-weeks, out of the 780 possible. To cover an annual
cycle, we assessed consumption during (1) the main rainy season
(October-November); (2) short dry season (February-March); (3)
second rainy season (May), and (4) end of main dry season
(August-September). All animal food items, i.e., meat, fish, and
eggs, eaten during the week (seven days recall) before the interview
were quantified in terms of the number of units and weight in kg
consumed. All recorded animal products were expressed in terms
of protein consumed (kg/AME), as described in Appendix 2. The
contribution made by each food type was measured in terms of
whether it was present in the household recall or not, as well as
the total amount consumed.

Household wealth group

Based on a pilot study, undertaken before the main data
collection, we classified household relative wealth using a group
of wealth indicators as a proxy for subsequent analysis. A two-
step cluster analysis of the interviewed households was first
performed based on the following indicators: household type and
number of divisions, quantity of possessed assets (each asset as
an independent variable), household access to energy and sewage,
and the literacy of the household head. The analysis separated
two fairly distinct clusters: 65% of interviewees were allocated to
a less wealthy group and 35% to a wealthier one, with more
possessions and higher living standards, of which the following
were the most important featured variables: generator/TV/DVD
ownership and quantity, energy supply, type of household and
number of divisions. The cluster membership was assigned as a
new categorical variable for the household socioeconomic
characterization, designed as wealth group.

Site accessibility

The effort necessary to reach each community from populated
areas via main roads depended on distance as well as road quality.
This combination determined the type of transport that could be
used to reach the communities and the time necessary. This
ultimately conditions the access of some basic foods, such as fish,
which has to be transported from coastal areas because there is
no freshwater fish available, and/or domestic meats by some
communities. Because of this, we determined the relative
consumption of bushmeat, fish, and domestic meat as a function
of each community’s difficulty of access. We used a categorical
measure of the quality of access roads, from good to bad road
conditions, ranging from one to four, respectively, which was
recorded during interviews. This figure was then multiplied by an
index of relative distance of the community to the closest densely
populated center along the main road (used as a proxy for trading
point of consumption goods). This distance was classified in three
categories: < 2.5 km; between 2.5 and 7 km, and > 7 km. An
inaccessibility index for each community was then obtained,
ranging from 1 to 12, from more accessible to increasingly
inaccessible, respectively.

Ecology and 8001ety 20(3): 27
ds /

Data analysis

We used univariate tests to understand the correlation between
consumption patterns and household wealth, social status, and
geographic location. Furthermore, ordination techniques were
used to develop an effective visual summary of rural consumption
patterns, including all interviewed households in the same
ordination space (Borcard et al. 2011). We employed nonmetric
multidimensional scaling (NMDS) ordination based on Bray-
Curtis dissimilarities, using the mean presence of different food
types on the consumption replicates of sampled households.
Envfit function was performed to test for the significance of
sampled socioeconomic and geographic variables and its relation
with the axes of the ordinations (Borcard et al. 2011). All
statistical procedures were carried out in R v. 2.10.0 (R
Development Core Team 2009).

RESULTS

Consumption data

All sampled households had consumed some animal product
during the recall week. Fish and West African snails (Archachatina
marginata) were the most important components of rural diets
(Table 1). Fish was the most widely consumed food, reported in
92% of the sampled households, but consisting only 25% of the
total contribution for protein intake.

Wild meats accounted for more than half of total protein foods
consumed by the sampled households (Table 1). The greatest
contribution was made by the consumption of the introduced
West African snail, which accounted for 43.7% of all protein
consumed. Despite the relatively high protein contribution
represented by giant snails, its consumption was restricted to 62%
of the households.

By contrast, wild vertebrates contributed much less to the total
protein intake of households. Most vertebrate meat consumed
was of introduced mammals, namely feral pigs (Sus domesticus),
Mona monkeys (Cercopithecus mona), and African civets
(Civettictis civetta); 5.8% of the consumed animal protein. Native
fruit bats (Eidolon helvum) and birds (11 endemic and 1 native
species) contributed only 3.2% and 0.6% of the total protein
consumed, respectively. Introduced mammals were also
consumed by a small fraction of the sampled households. Fruit
bats were the most widely consumed, recorded in 9.6% of sampled
households.

Domestic meats were consumed by almost half of the households
sampled, but made a relatively low contribution to rural diets.
Chicken was the domestic animal with higher protein
contribution (11.5%) as well as the most widely consumed (39%
of the households). Domestic mammals, i.e., pig, goat, and sheep,
constituted only 5.5% of the total consumption in 2.5% of
sampled households.

Preferences

Despite their relative low consumption level, most species (72%)
preferred by respondents were domestic species (Fig. 2); domestic
mammals, especially pig, but also domestic birds, mainly chicken.
Wild species were preferred by only 13% of the sampled
households and were mostly introduced mammals. Fish was
mentioned as preferred by 12% of households and snails by only
3%.
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Table 1. Animal food items and their relative consumption in sampled households (N = 195) in rural communities in Sao Tomé Island,
corresponding to a sampling effort of 716 household weeks.

Food items Species (Where applicable) Introduced/ Units Total Mean Assessed Sampled
Native/ consumption consumption contribution  households
Endemic (edible kgs) (edibkg/AME) for total consuming
protein this food type

intake (%) (%0)

Fish NA 2987 454.6 0.26 22 92

Chicken NA 277 233.8 0.12 11 39

Duck NA 12 243 0.02 2 2

Domestic pig NA 3 91.1 0.06 5.3 0.9

Goat and sheep NA 1 9.5 0.01 0.4 1.6

Eggs NA 1138 56.9 0.03 2.6 53

Giant snail Archachatina marginata Int 14,581 819.1 0.54 45.7 62

Obo snail Archachatina bicarinata End 10 0.5 0 0 0.6

Feral pig Sus domesticus Int 1 49.5 0.02 1.6 0.16

Civet Civettictis civetta Int 4 335 0.02 1.5 0.6

Mona monkey Cercopithecus mona Int 14 233 0.01 1 4

Fruit bat Eidolum helvum Nat 307 58.7 0.04 3.1 9.6

Maroon pigeon Columba thomensis End 8 1.6 0 0.1 0.6

Bronze-naped pigeon Columba malherbii End 25 2.2 0 0.1 2.2

Green pigeon Treron sanctithomae End 24 2.9 0 0.2 1.9

Other birds 45 3.8 0 0.3 2.5

Giant weaver Ploceus grandis End 11

Olivaceous thrush Turdus olivaceofuscus End 10

Forest dove Columba simplex End 9

Sao Tomé prinia Prinia molleri End 6

Principe seedeater Serinus ruffobruneus End 3

thomensis

Newton’s sunbird Anabathmis newtonii End 3

Sao Tomé weaver Ploceus sanctithomae End 1

Black-capped speirops Zosterops lugubris End 1

White-tailed tropicbird Phaeton lepturus Nat 1

Fig. 2. Preferred type of food named by respondents during

first interview.
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the groups’ diet (Mann Whitney U-test, p < 0.001; Fig. 3).
Wealthier families ate significantly more protein other than snails
(Mann Whitney U-test, p = 0.41), mainly domestic animals and
eggs (wealth group = 2; Mann Whitney U-test, p = 0.47). For the
other food types, including fish and wild vertebrates, there were
no significant differences among wealth groups.

Fig. 3. Average protein intake of each food type per wealth
group. (1) lower wealth indicators, (2) higher wealth indicators.
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Patterns of bushmeat consumption

The bidimensional ordination of sampled household
consumption patterns show their distribution within the sample
and its relation to assessed variables (Fig. 4). The first axis of the
NMDS ordination of the households’ consumption patterns
(Stress = 0.18) reflects the increase of consumption of chicken
and eggs among sampled households. The second NMDS axis
represents the gradient between a high consumption of giant
snails and an increasing consumption of fish. Other domestic and
bushmeat items were positively associated with first axis and
negatively with second, and were mainly consumed by a specific
group of households (Fig. 5).

Fig. 4. Proportion in diet of each food type for considered
wealth group: (1) lower wealth indicators, (2) higher wealth
indicators.
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Fig. 5. Nonmetric multidimensional scaling (NMDS)
ordination of average consumption frequencies of animal food
items per household (Stress = 0.18), with the scores of each
species on ordination axes indicated by its position on the
diagram. The grey dots on the back are the households,
distributed in the diagram based on their average consumption
of each food type. The arrows represent the fitted variables for
household’s socioeconomic characterization: AME (number of
adult male equivalents at the household), wg (wealth group),
assets (average number of listed assets of the household), and
difaccess (inaccessibility index). These were the significant
variables (p max = 0.05) identified from a larger introduced

group.
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Fitting the socioeconomic and geographic variables into the
ordinated consumption patterns, the variables, which explained
most of the variance along the two axes, are the average quantity
of assets and the households” wealth group (NMDSI1) and the
inaccessibility opposite to the number of adult male equivalents
(AME) in the household (NMDS2). These results highlight the
relevance of wealth and isolation of households in the
consumption of different food types.

Consumption of giant snails was clearly related to household
inaccessibility, with higher consumption also associated with
poorer families. As for wild vertebrate animals, particularly fruit
bats and introduced mammals, consumption was mostly
associated with an increasing inaccessibility of the households,
but also with relative wealth (Fig. 5). In the case of wild birds, the
patterns were not so clear, and the consumption is more widely
distributed throughout the sample: bird consumption within less
isolated and poorer households is also perceptible from
ordination plots.

DISCUSSION

Wild meat consumption

We show that wild meat is an essential part of the diets in rural
communities of Sdo Tomé and that protein intake is typically
sustained by sea fish and introduced West African snails. The
importance of fish is well known in Central African countries, in
which fish resources can represent 25-50% of the total food supply
(Watson and Brashares 2004, Jenkins et al. 2011, Grande Vega et
al. 2013). In contrast, land snails are a well-documented wildlife
protein source in countries like Nigeria and some other parts of
Africa, but its actual importance as human food and in the
livelihoods of local people is a point generally overlooked in most
of the studies about bushmeat consumption (Osemeobo 1992,
Nasi et al. 2008).

As demonstrated in our results, in SAo Tomé rural areas, land
snails are particularly important for the more economically
vulnerable people, namely the more isolated and poorer groups.
All social groups, including women and children, harvest snails,
making this food resource widely accessible to most members of
the community (Hardouin 1995). In the case of the West African
snail, a recently introduced species that has rapidly expanded and
which could have a large potential impact over native flora and
fauna (Gascoigne 1994, Cowie et al. 2009), management of these
species may contribute to food security of the island’s rural
population at the same time as exercising control over invasive
species.

Introduced mammals, and to a lesser extent native fruit bats, are
also particularly important for protein intake in the most isolated
but wealthier households. Nevertheless, they are not a generally
preferred food and wild meats can be eaten as a consequence of
the lack of alternatives and not as a superior food (Brashares et
al. 2011). The lack of preference for bushmeat was already
described in the islands of Bioko, Equatorial Guinea (East et al.
2005) and Madagascar (Jenkins et al. 2011), but also for the rural
people in Gabon who are highly price sensitive with respect to
their choice of meat, with taste playing a smaller role (Wilkie et
al. 2005). More research is needed on the availability and price of
domestic and wild vertebrates in rural communities to further
understand the determinants of their consumption.
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The consumption of wild birds is apparently not influenced by
any of the socioeconomic or geographic variables assessed in our
study. Also not mentioned as a preferred food, birds are
nevertheless broadly consumed in the communities sampled.
They are opportunistically harvested without any costs, often
with slingshots and traps, during the daily routines of children
and farmers (M. Carvalho, personal communication). We show
that subsistence consumption of wild birds in rural communities
extends to several endemic species, with higher numbers
associated with all four species of pigeon. Endemic birds represent
a very small part of the rural diets but its consumption is possibly
seen as a natural contribution to family meals in a context in which
meat is relatively scarce.

In this study, the objective was to specifically assess consumption
of endemic fauna determined by the use of a seven-day recall
period. We are confident that despite the longer recall period used,
we obtained, through trained local interviewers, an accurate
measurement of animal protein use and the relative importance
of the different sources of meats.

Conservation implications

Wild meat subsistence consumption in Sdo Tomé constitutes a
rare situation in the documented African context. The island’s
high conservation value is related to relatively small-bodied
species, which typically have a lower value to local harvesters
(Bennett and Robinson 2000). In Sdo Tomé, most wild species
used for food were introduced and have a potential negative
impact on the native ecosystem (Dutton 1994, Jones and Tye
2005). This situation contrasts to the islands of Bioko and
Madagascar, on which subsistence harvest of endemic and native
mammals represents an acknowledged threat to their
conservation (Fa et al. 2000, Albrechtsen et al. 2006, Jenkins et
al. 2011).

Nevertheless, endemic birds and native fruit bats are harvested
for household consumption and constitute a commonly used
resource that needs to be regulated. Even occasional consumption
of wild species by individual households can result in an
important pressure on a species when human populations are high
relative to area of natural habitat (Robinson and Bennett 2000),
or if targeted species have demographic characteristics making
them vulnerable (Peres 2000). There are signs that the exploitation
of these species has animpact on their abundance and distribution
throughout the island (Rainho et al. 2010, Carvalho et al. 2015b),
and some of these species are also intensively targeted by
commercial hunting, worsening their status (Carvalho et al.
2015a).

Further understanding of the dynamics of the wild species
consumed on the island is required to develop specific
conservation and management guidelines. Still, this is the first
study of its kind to quantify consumption of introduced species
by rural inhabitants. Promoting the replacement of native wildlife
for hunting and consumption of introduced species may ensure
a constant, culturally acceptable, and readily available low-cost
source of meat (Desbiez et al. 2011). Adequate policies and
awareness programs are needed to create awareness of the global
importance of endemic species in the Gulf of Guinea islands and
encourage the local population to divert attention toward the
introduced fauna.
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Responses to this article can be read online at:
http://www.ecologyandsociety.org/issues/responses.
php/7831

Acknowledgments:

We thank all the participants in Sdo Tomé for their collaboration
in the study and for their hospitality during fieldwork, helping with
overnight stays, meals, and/or valuable company. For local support
and integration, we particularly express gratitude to the General
Director for the Environment Eng. Arlindo Carvalho and to Dr.
Vitor Bonfim and Eng. Salvador Pontes from the Directorship for
Conservation. Technical support and advice were provided by the
Associagdo Monte Pico, namely Luis Mario Almeida, and a special
thanks to untiring Nity. M. C. Gabriel was funded by a Rufford
Small Grant for Conservation of Nature and by the Portuguese
Government (Foundation for Science and Technology - FCT/
MCTES), through project PTDC/BIA-BIC/115223/2009 and
grant SFRH | BD /30171 | 2006.

LITERATURE CITED

Albrechtsen, L., J. E. Fa, B. Barry, and D. W. Macdonald. 2006.
Contrasts in availability and consumption of animal protein in
Bioko Island, West Africa: the role of bushmeat. Environmental
Conservation 32:340-348. http://dx.doi.org/10.1017/S0376892906002694

Albuquerque, C., and D. Cesarini. 2009. Plano de Manejo do
Parque Nacional Obé de Sao Tomé. ECOFAC. Sao Tomé, Sao
Tomé and Principe. [online] URL: https://arleciosoares]3.
wordpress.com/documentos/

Alkire, S., J. M. Roche, M. E. Santos, and S. Seth. 2011. Sdo Tome
and Principe Country Briefing. Oxford Poverty and Human
Development Initiative (OPHI), Multidimensional Poverty Index
Country Briefing Series. University of Oxford, Oxford, UK.

[online] URL: http://www.ophi.org.uk/policy/multidimensional-
poverty-index/mpi-country-briefings/

Bakarr, M., W. Oduro, and E. Odomako. 2001. West Africa:
regional overview of the bushmeat crisis. Pages 110-114 in N. D.
Bailey, H. E. Eves, A. Stefan, and J. T. Stein, editors. Bushmeat
crisis task force collaborative action planning meeting proceedings.
Bushmeat Crisis Task Force, Silver Spring, Maryland, USA.
[online] URL: https://library.conservation.org/Published%
20Documents/2009/01bWA Bakarr.pdf

Bennett, E. L., E. Blencowe, K. Brandon, D. Brown, R. W. Burn,
G. Cowlishaw, G. Davies, H. Dublin, J. E. Fa, E. J. Milner-
Gulland, J. G. Robinson, J. M. Rowcliffe, F. M. Underwood, and
D. S. Wilkie. 2007. Hunting for consensus: reconciling bushmeat
harvest, conservation, and development policy in West and
Central Africa. Conservation Biology 21:884-887. http://dx.doi.
org/10.1111/5.1523-1739.2006.00595.x

Bennett, E. L., and J. G. Robinson. 2000. Hunting of wildlife in
tropical forests: implications for biodiversity and forest peoples.
World Bank, Washington, D.C., USA. [online] URL: http://
documents.worldbank.org/curated/en/2000/09/1003157/hunting-
wildlife-tropical-forests-implications-biodiversity-forest-peoples



http://www.ecologyandsociety.org/vol20/iss3/art27/
http://www.ecologyandsociety.org/issues/responses.php/7831
http://www.ecologyandsociety.org/issues/responses.php/7831
http://dx.doi.org/10.1017%2FS0376892906002694
https://arleciosoares13.wordpress.com/documentos/
https://arleciosoares13.wordpress.com/documentos/
http://www.ophi.org.uk/policy/multidimensional-poverty-index/mpi-country-briefings/
http://www.ophi.org.uk/policy/multidimensional-poverty-index/mpi-country-briefings/
https://library.conservation.org/Published%20Documents/2009/01bWABakarr.pdf
https://library.conservation.org/Published%20Documents/2009/01bWABakarr.pdf
http://dx.doi.org/10.1111%2Fj.1523-1739.2006.00595.x
http://dx.doi.org/10.1111%2Fj.1523-1739.2006.00595.x
http://documents.worldbank.org/curated/en/2000/09/1003157/hunting-wildlife-tropical-forests-implications-biodiversity-forest-peoples
http://documents.worldbank.org/curated/en/2000/09/1003157/hunting-wildlife-tropical-forests-implications-biodiversity-forest-peoples
http://documents.worldbank.org/curated/en/2000/09/1003157/hunting-wildlife-tropical-forests-implications-biodiversity-forest-peoples

Bibby, C. J., N. J. Collar, M. J. Crosby, M. F. Heath, C. Imbonden,
T. H. Johnson, A. J. Long, A. J. Stattersfield, and S. J. Thirgood.
1992. Putting biodiversity on the map: priority for global
conservation. Birdlife International, Cambridge, UK.

Blackburn, T. M., P. Cassey, R. P. Duncan, K. L. Evans, and K.
J. Gaston. 2004. Avian extinction and mammalian introductions
on oceanic islands. Science 305:1955-1958. http://dx.doi.
org/10.1126/science. 1101617

Borcard, D., F. Gillet, and P. Legendre. 2011. Numerical ecology
with R. Springer, New York. New York, USA. http:/dx.doi.
org/10.1007/978-1-4419-7976-6

Bowen-Jones, E., D. Brown, and E. Robinson. 2002. Assessment
of the solution-orientated research needed to promote a more
sustainable bushmeat trade in Central and West Africa.
Department for Environment, Food and Rural Affairs (DEFRA),
UK Government, London, UK. [online] URL: http://www.odi.
org/publications/2987-solution-orientated-research-sustainable-bushmeat-
trade-central-west-africa

Brashares, J. S., C. D. Golden, K. Z. Weinbaum, C. B. Barrett,
and G. V. Okello. 2011. Economic and geographic drivers of
wildlife consumption in rural Africa. Proceedings of the National
Academy of Sciences 108:13931-13936. http://dx.doi.org/10.1073/

pnas.1011526108

Brooke, A. P, and M. Tschapka. 2002. Threats from overhunting
to the flying fox, Pteropus tonganus (Chiroptera: Pteropodidae)
on Niue Island, South Pacific Ocean. Biological Conservation
103:343-348. http://dx.doi.org/10.1016/S0006-3207(01)00145-8

Buchanan, G. M., P. F. Donald, and S. H. M. Butchart. 2011.
Identifying priority areas for conservation: a global assessment
for forest-dependent birds. PLoS One 6 €29080. http://dx.doi.
org/10.1371/journal.pone.0029080

Burgess, N. D., J. D. Hales, T. H. Ricketts, and E. Dinerstein.
2006. Factoring species, non-species values and threats into
biodiversity prioritisation across the ecoregions of Africa and its
islands. Biological Conservation 127:383-401. http://dx.doi.
org/10.1016/j.biocon.2005.08.018

Carvalho, M., J. E. Fa, F. C. Rego, R. F. de Lima, G. Santos, and
J. M Palmeirim. 2015b. Factors influencing the distribution and
abundance of endemic pigeons in Sdo Tomé Island (Gulf of
Guinea). Bird Conservation International 25:71-86. http://dx.doi.
org/10.1017/S0959270914000288

Carvalho, M., J. M. Palmeirim, F. C. Rego, N. Sole, A. Santana,
and J. E. Fa. 20154. What motivates hunters to target exotic or
endemic species on the island of Sdo Tomé, Gulf of Guinea? Oryx
49:278-286.

Cowie, R. H., R. T. Dillon, Jr., D. G. Robinson, and J. W. Smith.
2009. Alien non-marine snails and slugs of priority quarantine
importance in the United States: a preliminary risk assessment.
American  Malacological Bulletin 27:113-132. http://dx.doi.
org/10.4003/006.027.0210

Desbiez, A. L. J., A. Keuroghlian, U. Piovezan, and R. E. Bodmer.
2011. Invasive species and bushmeat hunting contributing to
wildlife conservation: the case of feral pigs in a Neotropical
wetland. Oryx 45:78-83. http://dx.doi.org/10.1017/S0030605310001304

Ecology and 8001ety 20(3) 27
ds /vol2

Duncan, R. P, T. M. Blackburn, and T. H. Worthy. 2002.
Prehistoric bird extinctions and human hunting. Proceedings of
the Royal Society London Series B 269:517-521. http://dx.doi.
org/10.1098/rspb.2001.1918

Dutton, J. 1994. Introduced mammals in Sio Tomé and Principe:
possible threats to biodiversity. Biodiversity and Conservation
3:927-938. http://dx.doi.org/10.1007/BF00129667

East, T., N. F. Kiimpel, E. J. Milner-Gulland, and J .M. Rowcliffe.
2005. Determinants of urban bushmeat consumption in Rio
Muni, Equatorial Guinea. Biological Conservation 126:206-215.
http://dx.doi.org/10.1016/j.biocon.2005.05.012

Ente Nazionale di Previdenza ed Assistenza a favore dei Biologi
(ENPAB). 2004. Primeiro relatorio nacional da biodiversidade.
Ministério dos Recursos Naturais e Meio Ambiente, Sdo Tomé e
Principe, Rome, Italy.

Evans, M. 1., and L. D. C. Fishpool. 2001. Important bird areas
in Africa and associated islands: priority sites for conservation.
BirdLife Conservation Series No. 11. Pisces Publications and
BirdLife International, Newbury and Cambridge, UK. [online]
URL: http://www.birdlife.org/datazone/info/ibasafr

Fa, J. E., J. E. Garcia Yuste, and R. Castelo. 2000. Bushmeat
markets on Bioko Island as a measure of hunting pressure.
Conservation Biology 14:1602-1613.

Fa,J. E.,C. A. Peres,and J. Meeuwig. 2002. Bushmeat exploitation
in tropical forests: an intercontinental comparison. Conservation
Biology 16:232-237. http://dx.doi.org/10.1046/1.1523-1739.2002.00275.
X

Food and Agriculture Organization of the United Nations (FAO).
2012. Sdo Tomé and Principe country profile. Food and
Agriculture Organization of the United Nations, Rome, Italy.
[online] URL: http://www.fao.org/countryprofiles/index/en/?
is03=STP

Fitzpatrick, S. M., and W. F. Keegan. 2007. Human impacts and
adaptations in the Caribbean islands: an historical ecology
approach. Earth and Environmental Science Transactions of the
Royal Society of Edinburgh 98:29-45. http://dx.doi.org/10.1017/
S1755691007000096

Gascoigne, A. 1994. The biogeography of land snailsin the islands
of the Gulf of Guinea. Biodiversity and Conservation 3:794-807.
http://dx.doi.org/10.1007/BF00129659

Grande Vega, M., B. Carpinetti, J. Duarte, and J. E. Fa. 2013.
Contrasts in livelihoods and protein intake between commercial
and subsistence bushmeat hunters in two villages on Bioko Island,
Equatorial Guinea. Conservation Biology 27:576-587. http://dx.
doi.org/10.1111/cobi. 12067

Hardouin, J. 1995. Minilivestock: from gathering to controlled
production. Biodiversity and Conservation 4:220-232. http://dx.
doi.org/10.1007/BF00055969

Henderson, S. J., and R. J. Whittaker. 2003. Islands. eLS. Wiley,
London, UK. http://dx.doi.org/10.1038/npg.els.0003234

Instituto Nacional de Estatistica de Sdo Tomé e Principe
(INESTP). 2001. Sao Tomé e Principe em Numeros. Instituto
Nacional de Estatistica de Sao Tomé e Principe, Sdo Tomé, Sao
Tomé e Principe.


http://dx.doi.org/10.1126%2Fscience.1101617
http://dx.doi.org/10.1126%2Fscience.1101617
http://dx.doi.org/10.1007%2F978-1-4419-7976-6
http://dx.doi.org/10.1007%2F978-1-4419-7976-6
http://www.odi.org/publications/2987-solution-orientated-research-sustainable-bushmeat-trade-central-west-africa
http://www.odi.org/publications/2987-solution-orientated-research-sustainable-bushmeat-trade-central-west-africa
http://www.odi.org/publications/2987-solution-orientated-research-sustainable-bushmeat-trade-central-west-africa
http://dx.doi.org/10.1073/pnas.1011526108
http://dx.doi.org/10.1073/pnas.1011526108
http://dx.doi.org/10.1016%2FS0006-3207%2801%2900145-8
http://dx.doi.org/10.1371%2Fjournal.pone.0029080
http://dx.doi.org/10.1371%2Fjournal.pone.0029080
http://dx.doi.org/10.1016%2Fj.biocon.2005.08.018
http://dx.doi.org/10.1016%2Fj.biocon.2005.08.018
http://dx.doi.org/10.1017%2FS0959270914000288
http://dx.doi.org/10.1017%2FS0959270914000288
http://dx.doi.org/10.4003%2F006.027.0210
http://dx.doi.org/10.4003%2F006.027.0210
http://dx.doi.org/10.1017%2FS0030605310001304
http://dx.doi.org/10.1098%2Frspb.2001.1918
http://dx.doi.org/10.1098%2Frspb.2001.1918
http://dx.doi.org/10.1007%2FBF00129667
http://dx.doi.org/10.1016%2Fj.biocon.2005.05.012
http://www.birdlife.org/datazone/info/ibasafr
http://dx.doi.org/10.1046%2Fj.1523-1739.2002.00275.x
http://dx.doi.org/10.1046%2Fj.1523-1739.2002.00275.x
http://www.fao.org/countryprofiles/index/en/?iso3=STP
http://www.fao.org/countryprofiles/index/en/?iso3=STP
http://dx.doi.org/10.1017/S1755691007000096
http://dx.doi.org/10.1017/S1755691007000096
http://dx.doi.org/10.1007%2FBF00129659
http://dx.doi.org/10.1111%2Fcobi.12067
http://dx.doi.org/10.1111%2Fcobi.12067
http://dx.doi.org/10.1007%2FBF00055969
http://dx.doi.org/10.1007%2FBF00055969
http://dx.doi.org/10.1038%2Fnpg.els.0003234
http://www.ecologyandsociety.org/vol20/iss3/art27/

Jenkins, R. K. B., A. Keane, A. R. Rakotoarivelo, V.
Rakotomboavonjy, F. H. Randrianandrianina, H. J. Razafimanahaka,
S.R. Ralaiarimalala, and J. P. G. Jones. 2011. Analysis of patterns
of bushmeat consumption reveals extensive exploitation of
protected species in eastern Madagascar. PloS One 6:¢27570.
http://dx.doi.org/10.1371/journal.pone.0027570

Jones, P, and A. Tye. 2006. The birds of Sdo Tomé and Principe
with Annobon; islands of the Gulf of Guinea: an annotated
checklist. British Ornithologist’ Union, Oxford, UK.

Koppert, G., E. Dounias, A. Froment, and P. Pasquet. 1996.
Consommation alimentaire dans trois populations forestiéres de
la région coétiére du Cameroun: Yassa, Mvae et Bakola. Pages
477-495 in C. M. Hladik, A. Hladik, H. Pagezy, O. F. Linares, G.
J. A. Koppert, and A. Froment, editors. L'alimentation en forét
tropicale, interactions bioculturelles et perspectives de développement.
Volume I, Les ressources alimentaires production et
consommation, UNESCO, Paris, France. [online] URL: http://
horizon.documentation.ird.fr/exl-doc/pleins_textes/divers09-03/010009728.
pdf

Milner-Gulland, E. J., E. L. Bennett, and SCB 2002 Annual
Meeting Wild Meat Group. 2003. Wild meat: the bigger picture.
Trends in Ecology and Evolution 18:351-357. http://dx.doi.

Ecology and 8001ety 20(3) 27
ds /vol2

Sax, D. F, and S. D. Gaines. 2008. Species invasions and
extinction: the future of native biodiversity on islands.
Proceedings of the National Academy of Sciences 105:11490-11497.
http://dx.doi.org/10.1073/pnas.0802290105

Sax, D. F.,, S. D. Gaines, and J. H Brown. 2002. Species invasions
exceed extinctions on islands worldwide: a comparative study of
plants and birds. American Naturalist 160:766-783.

Silva, H. L. E. 1958. Esbogo da carta de aptidao agricola de Sao
Tomé e Principe. Garcia de Orta 6:61-86.

Starkey, M. 2004. Commerce and subsistence: the hunting, sale and
consumption of bushmeat in Gabon. Dissertation. Fitzwilliam
College, Cambridge University, Cambridge, UK.

Stattersfield, A. J., M. J. Crosby, A. J. Long, and D. C. Wege. 1998.
Endemic bird areas of the world. Priorities for biodiversity

conservation. BirdLife Conservation Series 7. BirdLife
International, Cambridge, UK. [online] URL: http://www.

birdlife.org/datazone/info/pubEBAs

Watson, 1., and J. Brashares. 2004. The bushmeat trade and fishing
licence agreements in West Africa. ODI wildlife policy briefing.
Overseas Development Institute, London, UK. [online] URL:
http://www.odi.org/publications/2425-bushmeat-trade-fishing-licence-

org/10.1016/S0169-5347(03)00123-X

Myers, N., R. A. Mittermeier, C. G. Mittermeier, G. A. B. da
Fonseca, and J. Kent. 2000. Biodiversity hotspots for conservation
priorities. Nature 403:853-858. http://dx.doi.org/10.1038/35002501

Nasi, R., D. Brown, D. Wilkie, E. Bennett, C. Tutin, G. van Tol,
and T. Christophersen. 2008. Conservation and use of wildlife
based resources. the bushmeat crisis. CBD Technical Series no. 33.
Secretariat of the Convention on Biological Diversity. Montreal,
Québec, Canada. [online] URL: https://www.cbd.int/doc/
publications/cbd-ts-33-en.pdf

Osemeobo, G. J. 1992. Effects of land-use and collection on the
decline of African giant snails in Nigeria. Environmental
Conservation 19:153-159. http://dx.doi.org/10.1017/S0376892900030630

Peet, N. B., and P. W. Atkinson. 1994. The biodiversity and
conservation of the birds of Sao Tomé and Principe. Biodiversity
and Conservation 3:851-867. http://dx.doi.org/10.1007/BF00129663

Peres, C. A. 2000. Effects of subsistence hunting on vertebrate
community structure in Amazonian forests. Conservation Biology
14:240-253. http://dx.doi.org/10.1046/j.1523-1739.2000.98485 .x

Rainho, A., C. F. J. Meyer, S. Thorsteinsdottir, J. Justino, S.
Samba, and J. M. Palmeirim. 2010. Distribui¢do, estatuto e
conservagdo dos morcegos de Sdo Tomé. Centro de Biologia
Ambiental, Faculdade de Ciéncias da Universidade de Lisboa,
Lisbon, Portugal. http://dx.doi.org/10.13140/RG.2.1.1463.2803

R Development Core Team. 2009. R: a language and environment
for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. [online] URL: http://www.R-project.org/

Robinson, J. G., and E. L. Bennett. 2000. Carrying capacity limits
to sustainable hunting in tropical forests. Pages in J. G. Robinson
and E. L. Bennett, editors. Hunting for sustainability in tropical
forests. Columbia University Press, New York, New York, USA.

agreements-west-africa

Wilkie, D. S., and J. F. Carpenter. 1999. Bushmeat hunting in the
Congo Basin: an assessment of impacts and options for

mitigation. Biodiversity and Conservation 8:927-955. http://dx.
doi.org/10.1023/A:1008877309871

Wilkie, D. S., M. Starkey, K. Abernethy, E. Nstame Effa, P. Telfer,
and R. Godoy. 2005. Role of prices and wealth in consumer
demand for bushmeat in Gabon, Central Africa. Conservation
Biology 19:268-274. http://dx.doi.org/10.1111/1.1523-1739.2005.00372.
X



http://dx.doi.org/10.1371%2Fjournal.pone.0027570
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/divers09-03/010009728.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/divers09-03/010009728.pdf
http://horizon.documentation.ird.fr/exl-doc/pleins_textes/divers09-03/010009728.pdf
http://dx.doi.org/10.1016/S0169-5347(03)00123-X
http://dx.doi.org/10.1016/S0169-5347(03)00123-X
http://dx.doi.org/10.1038%2F35002501
https://www.cbd.int/doc/publications/cbd-ts-33-en.pdf
https://www.cbd.int/doc/publications/cbd-ts-33-en.pdf
http://dx.doi.org/10.1017%2FS0376892900030630
http://dx.doi.org/10.1007%2FBF00129663
http://dx.doi.org/10.1046%2Fj.1523-1739.2000.98485.x
http://dx.doi.org/10.13140%2FRG.2.1.1463.2803
http://www.R-project.org/
http://dx.doi.org/10.1073%2Fpnas.0802290105
http://www.birdlife.org/datazone/info/pubEBAs
http://www.birdlife.org/datazone/info/pubEBAs
http://www.odi.org/publications/2425-bushmeat-trade-fishing-licence-agreements-west-africa
http://www.odi.org/publications/2425-bushmeat-trade-fishing-licence-agreements-west-africa
http://dx.doi.org/10.1023%2FA%3A1008877309871
http://dx.doi.org/10.1023%2FA%3A1008877309871
http://dx.doi.org/10.1111%2Fj.1523-1739.2005.00372.x
http://dx.doi.org/10.1111%2Fj.1523-1739.2005.00372.x
http://www.ecologyandsociety.org/vol20/iss3/art27/

Appendix 1. General description of the communities sampled within the scope of this study

Please click here to download file ‘appendixl.xlsx’.
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Appendix 2. Values used for the conversion of unit animal foods to weight and edible
weight consumed by interviewed households (expressed in kg). Edible quantity was
estimated from reference to the edible proportion of each species or group of species.

Food items Species (where Weight Edible Price per . .
. : . - Price per References (weight
applicable) per unit | weight unit kg (Euro) | and conversion)
(K9) | (%) (Euro) ’
Torry res.stat.
Fish Variable | 0.55 Varies 2,45 (1989)%, Holland et
al. (1983)2
. Bender (1992)3, Chan
Chicken 1.300 0.65 35 2,65 et al. (1996)*
Albreschtsen et
Duck 3.00 0.60 12,5 4,08 al.(2006)5
Bender(1992)3, Chan
Domestic pig 48.30 0.60 Variable 4,08 et al. (1996)%, Bonfim
(2002)®
Bender(1992)3, Chan
Goat 25.00 0.60 50 3,27 et al, (1996)*
Bender (1992)3, Chan
Sheep 20-30.00 | 0.60 60 4,08 et al. (1996)"
Egg 0.050 1.00 0,24 4,90 Holland et al. (1989)7
West African giant | Archachatina 0116 | 0.38 0,016 0,14 Ajayi et al. (1978)?
snail marginata
Obo snail Q.rcha.\chatma 0.116 0.38 na na Ajayi et al. (1978)8
icarinata
Feral pig Sus domesticus 50.00 0.60 Na 4,08 Bonfim (2002)®
Mona monkey Cercopithecus mona | 2.733 | 0.60 5 t0 15 2,55 Albreschtsen et
al.(2006)
African civet S Albreschtsen et
Civectis civetta 12.335 0.60 25 2,03 al.(2006)5
Fruit bat . Albreschtsen et
Eidolum helvum 0.300 0.60 0,8 2,4 al.(2006)°
E%Oeg:me green Treron sanctithomae 0.230 0.50 1,2 5,32 Omojola et al.(2012)°
Bronze naped pigeon | Columba malherbii 0.165 0.50 1 6,06 Omojola et al.(2012)°
Maroon pigeon Columba thomensis 0.400 0.50 1,5 3,75 Omojola et al.(2012)°
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