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Abstract

Ethnopharmacological relevance

African medicinal plant markets offer insight into commercially important species, salient health
concerns in the region, and possible conservation priorities. Still, little quantitative data is available
on the trade in herbal medicine in Central Africa. The aim of this study was to identify the species,

volume, and value of medicinal plant products sold on the major domestic markets in Gabon, Central
Africa.

Materials and methods

We surveyed 21 herbal market stalls across 14 of the major herbal medicine markets in Gabon,
collected vouchers of medicinal plants and documented uses, vernacular names, prices, weight, vendor
information and weekly sales. From these quantitative data, we extrapolated volumes and values for the
entire herbal medicine market.

Results

We encountered 263 medicinal plant products corresponding with at least 217 species. Thirteen species
were encountered on one-third of the surveyed stalls and 18 species made up almost 50% of the total
volume of products available daily, including the fruits of Terrapleura tetraptera and seeds of Monodora
myristica. Although bark comprised the majority of the floristic diversity (22%) and the highest
percentage of daily stock (30%), the resin of [UCN red-listed species Aucoumea klaineana represented
20% of the estimated daily volume of the entire herbal market. Plants sold at the market were mainly
used for ritual purposes (32%), followed by women’s health (13%), and childcare (10%). The presence
of migrant herbal vendors selling imported species, especially from Benin, was a prominent feature of

the Gabonese markets.

Conclusion

An estimated volume of 27 tons of medicinal plant products worth US$ 1.5 million is sold annually on
the main Gabonese markets. Aucoumea klaineana and Garcinia kola are highlighted as frequently sold
species with conservation priorities. The herbal market in Gabon is slightly higher in species diversity
but lower in volume and value than recently surveyed sub-Saharan African markets.

Keywords
Non-timber forest products (NTFPs); informal economy; Central Africa; trade; herbal medicine; plant
conservation
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Introduction

The role of medicinal plants as non-timber forest products (NTFDPs) in Africa has been well established
in conservation, ethnobotany and sustainable development literature (Cunningham, 1993; Gaoue
and Ticktin, 2007; Shackleton and Shackleton, 2004; Ticktin, 2004). The sale and trade of these
plants form part of the informal economy of many African countries and contribute to the economic
wellbeing of plant vendors, many of whom are women (Dold and Cocks 2002; Quiroz et al. 2014; Jusu
and Sanchez 2013). Medicinal plants make substantial contributions to the income of plant vendors
involved in the industry as well as to the health of consumers; the majority of sub-Saharan African
populations use traditional medicine to meet their healthcare needs (Anyinam 1995). This pattern is
prevalent in rural communities, where health clinics are often poorly equipped (Pouliot 2011), but also
in urban centers, where biomedical treatment is readily available in hospitals and health centers (Cocks
and Dold 2006; Osamor and Owumi 2010).

The combined effects of the profitability of medicinal plants, the high demand by local populations,
and the fact that most plants are harvested from the wild (Schippmann, Leaman, and Cunningham
2002) have contributed to the concern that commercialized species may be overexploited resources. In
several African countries, there is evidence that the commercial harvest of herbal medicine to meet a
growing urban population has become an environmentally destructive activity (Cunningham, 1993;
Dold and Cocks, 2002). Market sellers in Western Africa have been shown to use a larger variety of
plants and more vulnerable species than harvesters who collect plants for personal use (Towns et al.,
2014), suggesting that studying the medicinal plant trade is useful in investigating the exploitation of
wild plants of a larger area (Cunningham, 2001; Williams, Witkowski, and Balkwill, 2009). Studying
the medicinal plant market can contribute to improved decision-making in sustainable land-use
management and livelihoods (Jusu and Sanchez 2014).

Before focused efforts can be made on estimating the effect of commercial plant harvesting on the
surrounding vegetation, baseline figures are needed on the species, value, quantities, and characteristics
of the marketplaces in question. Recently, quantitative surveys of herbal markets have become
available for African countries, including South Africa (Dold and Cocks, 2002; Williams, Balkwill,
and Witkowski, 2000; Williams et al., 2009), Tanzania (McMillen 2008), Morocco (El-Hilaly,
Hmammouchi, and Lyoussi 2003), Benin (Quiroz et al. 2014), Ghana (van Andel, Myren, and van
Onselen 2012) and Sierra Leone (Jusu and Sanchez 2013). Much less information, however, is available
on markets in the Central African region, including Cameroon (Betti 2002) and Equatorial Guinea
(Ondo 2001). Gabon is of special interest to conservation given its unique biodiversity (Olson and
Dinerstein 1998) and its current ranking as the country with the highest rate of loss of primary forest
in Africa (FAO 2010c), but little information is available on its herbal medicine trade.

In order to fill the gap of knowledge on Gabonese commercialized medicinal plant species, we conducted
a market survey in the major cities of Gabon. The aim of our study was to identify the species, volume,
and value of medicinal plant products sold domestically on major markets in Gabon. We also sought
to identify the most frequently sold species and plant parts and the most salient health concerns treated
by plants sold at the market. Given Gabon’s lower population density and higher standards of living
than other African countries, we hypothesized that the Gabonese medicinal plant markets would be
smaller in volume and floristic diversity than those in West Africa, Tanzania and South Africa. The
outcomes of this market survey can be used to identify priority species for conservation, contribute
to an understanding of the role of medicinal plant sales on the socioeconomic wellbeing of market
vendors, and highlight the populations’ salient health concerns.
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Materials and Methods

Study area

Gabon is located in Central Africa, bordering the Atlantic Ocean to the west, the Republic of the
Congo to the east and south, and Equatorial Guinea and Cameroon to the north. Up to 80% of Gabon
has been estimated to be covered with forest (Sosef et al. 2006), with approximately 65% considered
primary forest and remaining land consisting of swamps, mangroves, and savannas (FAO 2010c). The

Gabonese population is around 1.6 million people, mainly of Fang, Bapounou, Nzebi, and Obamba
ethnic groups (CIA 2013b).

Data collection took place between June and November 2012, in which we visited major herbal
medicine markets in the provinces of Estuaire, Woleu-Ntem, Haut-Ogooué, Ngounié, Moyen-Ogooué,
Ogooué-Maritime, and Nyanga. We started our data collection in the capital city of Libreville, visiting
the two main medicinal plant markets several times a week to speak with vendors and purchase plant
species to be processed into botanical vouchers. This regular contact built up the trust necessary to
begin our quantitative market surveys and familiarized us with the most common commercial species,
local names, and salient health concerns treated with herbal medicine in Gabon. We then conducted
a systematic quantitative survey of 21 market stalls, across 14 markets, in major and regional cities in
Gabon: Libreville (pop. 619,000), Port-Gentil (pop. 80,000), Franceville (pop. 56,000), Oyem (pop.
38,000), Lambaréné (pop. 24,000), Tchibanga (pop. 24,000) Fougamou (pop. 4,100), and Cocobeach
(pop. 1200) (Fig.1).
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Fig.1 Map of Gabon with market cities visited during our quantitative market survey in 2012.
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Quantitative market survey

Following the methodology carried out in market surveys in Ghana (van Andel, Myren, and van
Onselen 2012) and Benin (Quiroz et al. 2014) and the guidelines for ethnobotanical market inventories
(Cunningham, 2001), we began our quantitative survey by counting the number of herbal medicine
stalls at each marketplace (n= 192). We categorized the stalls into five different types: (1) herb stalls
(including barks and woody plant parts) (2) spice stalls (with dual purpose food/medicinal fruits and
seeds including the palm wine bark Garcinia kola); (3) Bwiti stalls (plants used in spiritual practices and
ceremonies); (4) ambulant vendors (market vendors on foot), and (5) Beninese herbal stalls (migrants
from Benin selling imported plant species). We also collected general data on each market, including
type of products sold and number of open days per week.

We then sampled individual stalls by randomly inviting 21 vendors to participate in our market survey.
We counted the number of products sold, recorded the price of each product, collected ethnobotanical
data of each product (local name, medicinal use, and preparation), tallied the total amount of sales
units per stall (bags, bundles, bottles, and individual pieces), and measured each product’s weight with
a portable digital scale. All plant products recorded for sale are listed in Appendix 1, together with the
local and scientific names, plant parts sold, collection numbers, medicinal uses, weights, and prices.
We also estimated the total weight of stock in storage. For each surveyed stall, we asked the vendor to
estimate his/her weekly sales and to report general information on challenges to selling plants. We also
collected basic demographic data from each vendor, including ethnic group, sex, age, and name. Our
market survey was part of a larger ethnobotanical inventory on medicinal and ritual plants in Gabon.

Plant collection and identification

For each new species we encountered at the market, we purchased the plantand made botanical vouchers
following standard botanical collection methods (Martin 2004). If market samples were too dry or
fragmented to be properly identified or lacked fertile plant parts, we later accompanied market vendors
into the field to match market specimens with fertile species in the wild. We deposited vouchers at the
Herbier National du Gabon (LBV) and exported duplicates to the Wageningen branch of the National
Herbarium of the Netherlands (WAG), now part of Naturalis Biodiversity Center (L). We identified
the plants using local botanical literature (Flore du Gabon, 1960-2008; Hawthorne and Jongkind,
2006; Raponda-Walker and Sillans, 1961; Sosef et al., 2006;) and the extensive herbarium collections
of Gabonese material at Wageningen. Three collections were too difficult to identify with standard
botanical keys, two of which were sent to a wood anatomist who utilized microscopic methods and the
InsideWood database (InsideWood, 2004-onwards) and one which was identified by DNA analysis
following the methodology detailed in Quiroz et al. (2014). We also assessed the conservation status
of each species according to the International Union for Conservation of Nature Red List (IUCN Red
List of Threatened Species, 2014) and the Convention on International Trade of Endangered Species
list (CITES, 2014). Species and author names were updated using the Plant List (www.theplantlist.

org). Full names, including authors, of all species are listed in the Appendix 1.

Data analysis

We first calculated the average weight (in kg) and reported price (in US$) of each medicinal plant
product. We converted CFA currency prices into US dollars based on the exchange rate at the start of
our market survey (US$ 1 = 535 CFA in July 2012). We then totaled the number of sales units of each
product sold on the 21 surveyed stalls and calculated the volume (in kg) and monetary value of plant
material offered for sale per market stall. We then multiplied these numbers by the number of stalls per
marketplace, extrapolating the weight and values to the entire Gabonese market. Average weights were
used for those products that we were unable to weigh (183 g for a piece of bark, 144 g for leaves, 104
g for herbs, 101 g for fruits, 78 g for roots, 67 g for wood, and 41 g for seeds). We estimated the price
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per kilogram for species for which we did not know the price based on average price per sales unit of
purchased products (wood US$ 4.67, roots US$ 3.74, bark US$ 1.85, leaves US$ 1.76, entire plant
US$ 1.64, fruit US$ 1.60, seed US$ 1.03, and fungus US$ 0.93). We created a map of the cities visited
during the market survey (Fig. 1) in ArcGIS 10.1 using open source geospatial data from DIVA-GIS

(http://www.diva-gis.org/).

We performed a Detrended Correspondence Analysis (DCA) in PC-ORD v 5.33 in order to assess the
similarity in floristic diversity among the four main stall types (McCune and Mefford 2006). All plant
species cited by the 21 vendors were entered into presence—absence data matrices, which identified
the two main axes that caused the distribution of the vendors and sold species. We plotted the 1st
and 2nd axes in two-dimensional graphs to visualize the variation and overlap in plant species used by
different market stalls and the variations in stall diversity between Gabonese and migrant vendors. In
order to assess whether we sampled enough stalls, we created species-accumulation curve based on the
Shannon diversity index of the number of plant products and species from the sampled market stalls.
We calculated Shannon diversity indices in EstimateS version 9.10 (Colwell 2013).

Ethics

Following the Code of Ethics of the International Society of Ethnobiology (International Society of
Ethnobiology 2006), we followed all protocols with partner institutions and universities, including the
acquisition of formal invitations, research permits, and plant export permits. At each market setting,
we carefully explained the nature of our research and obtained prior informed consent from each
participant. In addition to purchasing the market plants with which we made botanical vouchers,
we also offered financial compensation, equivalent to local norms, for vendors™ involvement in the
research.

Results

Market characteristics

The 14 markets we visited during our quantitative market survey varied from the large metropolitan
markets of Libreville with a variety of spice, herb, and Bwiti stalls to the small village market of
Cocobeach with only two spice stalls (Table 1). Out of the 192 stalls we counted, the majority were
spice stalls (n=108), followed by herb stalls (56), Bwiti stalls (16), and Beninese vendors (11). We
encountered only one ambulant seller on the main market in Mont Bouét, which was left out of
Table 1. The Libreville stalls, with a combined total of 5045 kg of medicinal plant stock, comprised
nearly 75% of the total weight of medicine plant products available daily for sale in Gabon (out of
the total 192 stalls). Although spice stalls are fairly evenly distributed across the country, Libreville
housed the main trade in herbal medicine. Marché Bornave in Port-Gentil housed the most Bwiti stalls
out of all the markets we visited. The medicinal plant vendors were largely part of the main markets
containing food, fish, clothes, and small sundry items and sold products six or seven days a week. The
marketplaces were dominated by female vendors; 90% of the surveyed stalls were managed by women.
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Although 81% of the sampled market stalls were headed by vendors of Gabonese nationality, we
also encountered several vendors from other Western African countries, including Benin, Cameroon,
Niger, Nigeria, and Togo. Beninese vendors were the most frequently encountered migrants selling
herbal medicine. Migrant sellers sold distinct species not marketed by the Gabonese vendors. For
example, large quantities of Afrostyrax sp. (DQ 1106) fruits reported to be imported from Cameroon
were found on a spice stall of a Cameroonian vendor, and imported savanna barks such as Lannea
barteri and Pteleopsis suberosa were observed on the Beninese herbal stalls. In Fig. 2, the 21 stalls are
arranged by similarity of species composition. Points that are closely clustered have many species in
common. Points that are farther apart have less botanical similarity. Gabonese herb and spice stalls, as
well as the migrant spice and Bwiti stalls, were similar in floristic composition. The Togolese spice stall
was unique in that it contained only one species, the bark of Scorodophloeus zenkeri, which was also
found on one herb stall and one additional spice stall. The outlying herb and spice stalls clustered near
the x axis have unique species not recorded on other Gabonese stalls. The species and weights counted
on each stall are reported in full detail in Appendix 2. The Beninese herbal stall that we surveyed clearly
stood out as an outlier among the sampled herb stalls. The Beninese stall sold common species from
the Beninese herbal medicine market (Quiroz et al. 2014) not present on Gabonese herb stalls. The
ambulant seller was selling only two species, Annickia affinis, which was found abundantly on herb
stalls, and Cymbopogon citratus, which was also commonly sold on the market but not present on the
stalls we surveyed.

700
" ¢ Bwiti
600 Togo stall Heiks
A Spice
500 - Cameroon stall > Ambulant|
400
*
A S
300 - Nigeria stall %
Benin stall
200
100
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0 +H . : . : \
0 200 400 600 800 1000

Fig.2. Detrended Correspondance Analysis indicating the similarity in floristic diversity among the four main stall types

surveyed in Gabon [Herb (n=11); Spice (n=7); Bwiti (n=2) and Ambulant (n=1)]

Floristic diversity

Opver the course of our six month study, we encountered 263 medicinal plant products, belonging to
217 individual species, of which 160 were identified to species level, 36 to genus level, and three to
family level (Appendix 1). The remaining 18 remain unidentified to family level due to insufficient
sample material. We encountered more plant products than species since many plant parts sold
individually were from the same species (for example the resin and bark of Aucoumea klaineana). The
plant families with the most number of species for sale on the market were Leguminosae (33 spp.),



Volume, value and floristic diversity of Gabon’s medicinal plant markets

Rubiaceae (16 spp.), Euphorbiaceae (12 spp.), Annonaceae (11 spp.), Apocynaceae and Malvaceae
(10 spp. each), Zingiberaceae (8 spp.), and Asteraceae and Solanaceae (7 spp. each). After sampling
21 stalls, we encountered 66 % (174 out of 263) of the total plant products and 71% of the existing
botanical variation (155 out of 217 species). Plant mixtures were excluded from this calculation since
they combined many species, most of which were also sold separately. Our sampling represented
approximately 10% of the total number of medicine stalls on the 14 marketplaces we visited. Although
our accumulation curves (Fig. 3) do not level off completely, the flattening of the line suggests that our
sample size was adequate to give a representative overview of the diversity of medicinal plant species
and products sold on the marketplaces in 2012.

=
L

——S8pecies

Shannon diversity index
o o
.

Products

PR e i T T i i
Number of Stalls Sampled
Fig.3. Shannon diversity index cumulative curve for species and products sold on the 21 markets stalls sampled in Gabon (2012).

Barks comprised the largest percentage of plant diversity (22%), followed closely by the entire plant
(19%), fruits (13%), and leaves (13%) (Fig. 4a). Those plant parts that made up less than 1% of the
total (rhizome, branch, oil, palm stalks, fibers) were combined under the heading “other.” Bark was
also sold in the greatest volume (in kg) on the marketplaces that we visited (30%) (Fig. 4b), followed
by resin (20%), fruits (14%), and seeds (13%).

Prices, Frequencies, and Volumes

The average price per sales unit of medicinal plant products in Gabon did not vary greatly (bark US$
1.85, leaves US$ 1.76, entire plant US$ 1.64, fruit US$ 1.60, seed US$ 1.03, and fungus US$0.93),
except for wood and roots that were US$ 4.67 and US$ 3.74 respectively. The most expensive species
were found on a Bwiti stall at Marché Bornave in Port-Gentil: the inflorescences of Streprogyna crinita,
which were sold in very small quantities (1 gram) at the rate of US$ 1869 per kilo, unidentified seed
“kandrina” (Bapounou) (AMT 1354), which was sold by piece at the rate of US$ 623 per kilo, and
unidentified fruit “kiliguu” (Mitsogho) (AMT 1041), which was sold by piece at the rate of US$ 748
per kilo. It should be taken into account that these products are always sold in very small quantities. The
remaining prices of plant products ranged from US$ 359 per kilo for the wood of Nauclea diderrichii to
US$ 1.25 per kilo for the leaves of Cymbaopogon citratus (Appendix 1). We calculated the average price
of all medicinal plant species sold on the 21 surveyed stalls to be US$ 56 per kilo.
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Fig. 4. Plant parts sold on herbal markets sampled in Gabon 2012, (a) percentage of the total number of products (n=263), and
(b) percentage of daily stock (excluding stock stored behind stalls).

The reported weekly sales varied greatly by market vendors with whom we spoke. The estimated weekly
sales figures represented the value of products sold per week but it did not include transportation and
collection costs. Therefore, the average income of each market vendor is likely lower than the reported
sales. On average, Bwiti stalls reported sales of US$ 327 a week, herb stalls reported sales of US$ 197 a
week (with a range of US$ 654 by a wholesale vendor selling mainly barks to US$ 22 a week for a small
herb stand), spice stalls reported sales of US$ 131 a week, Beninese vendors reports sales of US$ 56 a
week and ambulant sellers reported sales of US$ 6 a week. The relatively higher reported weekly sales of
Bwiti stalls may be reflective of the higher price of ritual plants, the possibility that this figure included
the sale of animal products (which were generally more expensive than plant products), and/or the
basis of the Bwiti calculation on only one vendor (which may not reflect the weekly sales of an average
Bwiti vendor). Based on these reported average sales, we estimated the annual value of medicinal plant

trade in Gabon to be US$ 1,538,936 in 2012.
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The species encountered most frequently in the 21 surveyed market stalls were the fruits of Zesraplenra
tetraptera, the seeds of Monodora myristica, and the resin of Aucoumea klaineana (Table 2). Although A.
klaineana resin was sometimes found to be sold alone, it was typically wrapped in the bark of Xylopia
aethiopica to form the interior of an indigenous torch used in ceremonies.

Table 2 Species encountered in more than one third (29%) of the 21 surveyed stalls in Gabon 2012.

Fre vzl‘:.ltﬁe IUCN
Species oed Traditional Use Habit  Threat
(%) on 21 Status
stalls (kg)
Tetrapleura tetraptera 52 14.42 ritual, spice tree
Monodora myristica 52 18.29 ritual, spice, women’s health tree
Aucoumea klaineana 45 134.10 ritual, skin infections, good luck tree vu!
Prerocarpus soyauxii 38 9.50 ritual, skin ointment, red kaolin tree
Capsicum annuum 38 2.83 childcare, digestive, ritual, women’s health, spice herb
Annickia affinis 38 25.94 malaria tree
Aframomum melegueta 38 0.40 childcare, spice herb
Xylopia aethiopica 36 13.62 digestive, ritual, spice tree
Massularia acuminata 33 10.07 sprained limbs, ritual, women’s health shrub
AMT 787 29 0.41 ritual fungus
Tabernanthe iboga 29 6.09 ritual shrub
Pentaclethra macrophylla 29 17.46 ritual, women’s health tree
Cymbopagon densiflorus 29 2.18 ritual, mourning herb

'yulnerable

The majority of the species that we frequently encountered on the market stalls were also sold in
the greatest bulk (Table 3). Eighteen species made up almost 50% of the total volume of products
available daily on the Gabonese market. Aucoumea klaineana was sold in the highest quantity, with
an estimated daily available stock of nearly 950 kg. Although the resin of this species represents only
1% of the diversity of plant products sold (Fig 4a), it represents 20% of the daily stock (Fig 4b). Dual
purpose species that are used both as food additives and medicine were also well represented in the
daily available stock, such as the barks of Garcinia kola, seeds of Monodora myristica, and the fruits of
Afrostyrax sp. The seeds of Irvingia gabonensis were not included in our market calculations since they
were only used as a food additive, but due to their prevalence on the market, we estimated ca. 118 kg
to be sold at the main Mont Bouét market in Libreville and ca. 20 kg on the market in Lambaréné.

We calculated the total volume of medicinal plants available for sale on the Gabonese market to be
6807 kg per day (Table 1). Vendors acknowledged discarding stock regularly, yet absolute numbers
of discarded plant material were not reported. This material should be recognized as contributing to
the entire volume harvested (available stock) but not sold on the market. By dividing the estimated
annual value of the medicinal plant trade (US$ 1,538,936) by the average per kilo price (US$ 56), we
estimated the annual volume of medicinal plants available on the entire Gabonese market in 2012 to
be approximately 27,481 kg.
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Table 3 Species representing 50% of total daily volume, extrapolated to the entire Gabonese market.

Daily

market IUCN
Species Part Traditional uses tarke Habit  Threat

pos status
Aucoumea klaineana resin, bark, ritual, skin infections 948.35 tree vuU!

leaves, wood

Raphia sp. palm stalks ritual 378.40 tree
Monodora myristica seed ritual, women’s health 312.70 tree
Garcinia kola bark ritual, palm wine 242.26 tree vu!
Tetrapleura tetraptera fruit ritual 224.94 tree
Ricinodendron heudelotii seed medicinal oil, spice 155.92 tree
Afrostyrax sp. (DQ 1106) fruit ritual, spice 155.57 tree *
Xylopia aethiopica bark, fruit digestive, ritual, spice 148.70 tree
Annickia affinis bark malaria 140.65 tree
Pentaclethra macrophylla fruit, bark ritual, women’s health 124.59 tree
Copaifera religiosa bark anemia, ritual 121.48 tree
Daniellia klainei bark ritual, sore body 92.85 tree LR/NT?
Garcinia lucida bark anti-poison 92.41 tree
Distemonanthus benthamianus ~ bark good luck 76.09 tree
Croton oligandrus bark ritual, women’s health 67.78 tree
Terminalia catappa oil from seeds  childcare 64.72 tree
Erythrophleum ivorense bark ritual, swollen limbs/feet 62.34 tree
Massularia acuminata fruit riual, sprained limbs, women's 59.92 shrub

health

"Vulnerable; ? Low risk/Near threatened; *Some species vulnerable

Vulnerable species

Out of the 18 species sold in the highest quantity on the Gabonese marketplace (Table 3), we found
two species that were considered vulnerable by the IUCN, Aucoumea klaineana and Garcinia kola. A.
klaineana was encountered on nearly half of the market stalls we surveyed. Another possibly vulnerable
species was Afrostyrax sp. (Table 3), but our plant material was only identified to the genus level and we
were unable to confirm whether it was the vulnerable species Afrostyrax lepidophyllus Mildbr. Daniellia
klainei was considered lower risk/near threatened by the IUCN. None of the species encountered
most frequently or sold in the highest volume were listed as restricted for international trade by the
Convention on Trade in Endangered Species (CITES). Out of the 217 total species encountered at
the Gabonese market (Appendix 1), three additional species were listed as vulnerable by the [UCN:
Nauclea diderrichii, Brillantaisia lancifolia, and Baillonella toxisperma.

Most salient health issues and traditional uses

Over one-third of the 263 medicinal plant products documented for sale were reported to be used
in rituals, which we defined as those plants used in spiritual ceremonies, as good luck charms, as
protection against bad spirits or sorcery, and for attracting or keeping a spouse (Fig. 5). The use of
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medicinal herbs for good luck baths, such as Emilia coccinea, was one of the most common uses
of market plants. Women’s health ailments comprised 13% of the total number of uses, including
plant remedies for vaginal cleanses, fertility, pregnancy, childbirth, postpartum recovery, and increasing
breastmilk production. Childcare was the third most common health category of medicinal plants
encountered on the market, and included infant health ailments such as diarrhea, cough, and diaper
rash, but also local cultural bound concepts such as encouraging children to walk early, closing the
fontanels, and treatment of “la rate” (in French), an illness characterized by low body weight and
pain on the left side of the body. The category “other” included those health ailments that were only
mentioned once or twice by a vendor such as toothache, muscle pain, and jaundice.

anemia high blood

V% . pressure

2%

respiratory

aphtodisiac/

7%

32%

digestive
7%

childcare
10%

women's health other

13% 20%%
Fig. 5. Most salient health ailments treated by plants sold on the Gabon herbal market in 2012.

Plant vendor concerns

The vendors reported four main obstacles to the domestic medicinal plant trade: high middleman
prices, demolishing of medicinal plant markets, negative societal reputation, and loss of collection
habitat. Although most of the women from Libreville reported self-collection of medicinal plants,
barks were often purchased from a specialized bark harvester. According to the vendors, the selling
price of the barks was often lower than their purchase price, resulting in a loss of profit. Secondly,
vendors reported that the medicinal herb stalls of Libreville were once joined under one roof, but
the former building was demolished, forcing the herbal medicine market to become divided between
the La Peyrie and Mont Bouét annex markets (Table 1). The Bwiti medicine sellers in Port-Gentil
reported a similar situation in which they were once part of the larger market Marché Grand Village,
but have since been moved farther away to a separate market, Marché Bornave. These changes resulted
in difficulties securing a fixed place to sell. Several vendors explained that this situation was linked
to a tension with some members of the general public against traditional medicine, stigmatizing the
vendors in a negative way. Lastly, many of the harvesters we accompanied to collect fresh material
reported that the rapid expansion of Libreville has resulted in a loss of habitat to collect medicinal
plants, causing further travel in search of material and increased collection costs.
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Discussion

Comparison with other African medicinal markets

We calculated Gabon’s domestic annual herbal medicine trade to contain 27 tons worth of medicinal
plant products with a value of approximately US$ 1.5 million. This volume and economic value was
generally smaller than other markets in Africa, including the Eastern Cape Province of South Africa
with a total of 525 tons worth US$ 3 million (Dold and Cocks 2002) Ghana with 951 tons worth
US$ 7.8 million (van Andel, Myren, and van Onselen 2012), and Benin with 655 tons worth US$
2.7 million (Quiroz et al. 2014). Gabon’s annual herbal trade was more valuable than Sierra Leone,
estimated to be worth US$ 64,000 (Jusu and Sanchez 2013).

The average price of herbal medicine in Gabon was $56 per kg, more expensive than in Ghana (US$
8.2/kg) or Benin (US$ 21/kg), resulting in a fairly high value for a low volume of plant material for
sale. The pattern of products sold in low quantities at high prices, such as the most expensive products
sold only at Bwiti stalls, has also been documented for markets in South Africa (Williams et al., 2009).
The lower value and volume of the Gabonese market could also be attributed to Gabon’s relatively low
population, 1.6 million, compared to other African countries. The high reported weekly salaries of the
herbal vendors may be reflective of Gabon’s per capita income, US$19,200 a year, which is four times
higher than most sub-Saharan African countries (CIA 2013b). The migrant Beninese vendors reported
sales of around US$ 56 a week, which was only slightly higher than the estimated US$ 45 weekly
sales reported by market vendors in Benin (Quiroz et al. 2014). The presence of medicinal plants on
the market stresses the role of herbal medicine in relatively wealthy African countries with heavily
urbanized populations.

The bulk of the daily stock of plant parts in Gabon was sold as bark (30%), followed by resin (20%).
In comparison with West African markets, Ghana’s daily stock was dominated by fruits and seeds,
Benin was mainly leaves and whole plants, and Sierra Leone was mainly barks and leaves. In South
Africa (Dold and Cocks 2002), bulbs, tubers and roots represented over 60% of the most frequently
traded plant species, where roots represented only 2% of the daily stock in Gabon. In Tanzania, barks
and roots were most prevalent on the market (McMillen 2008). Given that 80% of Gabon’s surface is
covered in forest, the dominance of rainforest barks on the market is not surprising.

Although the rainforest vegetation in Central Africa varies greatly with the savanna-mosaic vegetation of
Benin and Ghana, the three countries had some commercialized medicinal plants species in common,
such as the seeds and fruits that doubled as food additives and medicine (Xylopia aethiopica, Monodora
myristica, Aframomum melegueta). Like the markets in Benin and Ghana, Gabon’s most salient health
products included those used in ritual and for women’s health. Although the volume and value of the
herbal material sold in Gabon was much lower than other African markets, the floristic diversity of the
market (217 spp.) was higher than in Cameroon (35 spp.)(Betti 2002), Sierra Leone (43 spp.), South
Africa (166spp.), and Ghana (209 spp.), and slightly lower than in Benin (283 spp.) and Tanzania (250
ethnospp). Since our market survey captured only six months out of the year and did not include some
smaller markets across the country, the total plant diversity of Gabon’s markets is likely to be higher
than our estimates.

Migrant sellers and imported plants

A notable attribute of the herbal medicinal plant trade in Gabon is the presence of market vendors
from neighboring African countries, e.g. Benin, Cameroon, Nigeria, Niger, Togo, who sold medicinal
plant products imported into Gabon. From our previous work on Beninese herbal markets (Quiroz
et al. 2014), we were able to recognize and identify many Beninese plant products. Previous work on
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sub-Saharan African markets has documented the presence of non-African vendors, including Chinese
herbal medicine in Tanzania (Hsu 2002) and the sale of Indian herbs in South Africa (Williams,
Witkowski, and Balkwill, 2005; Wojtasik, 2013), but also migrants from other African countries, such
as Beninese vendors in Ghana (van Andel, Myren, and van Onselen 2012). Since nearly 20% of the
Gabonese population is made up of immigrants, and Beninese migrants are the third largest immigrant
group (The World Bank 2011) it is possible that Beninese medicinal plant sellers are catering to the
demand of Beninese migrants in Gabon. However, the market women that we accompanied in the
field mentioned collecting species such as Cassytha filiformis specifically for West African immigrants,
suggesting that the Gabonese vendors also cater to immigrant healthcare needs. The presence of
imported products and vendors at major medicinal plant markets in Gabon may suggest that there is a
demand for diverse medicinal products from non-forest vegetation types. The trade of imported herbal
medicine has further implications for the sustainability of the national, regional, and continent-wide
herbal medicine trade and is an area for future research.

It is likely that Gabonese medicinal plants are exported outside of the country, especially Zabernanthe
iboga (Neuwinger 1996). The Gabonese branch of the Wildlife Conservation Society in Libreville
expressed concern about the unsustainable export-oriented harvest of 7. iboga (R. Starkey, personal
communication July 2012), a concern echoed by the antipoaching canine unit implemented by the
Agence Nationale des Parcs Nationaux (ANPN)(Wagtail UK 2013), but no official data on exported

species or volumes were available.

Comparison with other Gabonese industries

Although US$ 1.5 million is a substantial value for this informal economy, it is dwarfed by the major
natural resource industries of Gabon, namely the US$ 15 billion oil industry (CIA 2013b) and the
US$ 1.8 billion timber industry (Forest Legality Alliance 2014). Nevertheless, the income derived
from the medicinal plant trade makes substantial contributions to the economic well-being of the
plant vendors in Gabon, the majority of whom are women. This pattern has been documented in other
countries in Africa (Dold and Cocks, 2002; Jusu and Sanchez, 2013; Quiroz et al., 2014; van Andel et
al., 2012; Williams et al., 2009), highlighting the necessity of understanding gender dynamics in the
trade of NTFPs (Shackleton and Paumgarten, 2011).

Potential species of concern

Out of the five IUCN red-listed species, only the resin of Aucoumea klaineana and bark of Garcinia kola
were found in high quantities on the market stalls. A. klaineana is historically the most popular tree
exported from Gabon by the timber industry (Forest Legality Alliance 2014; Global Forest Watch 2000),
suggesting that the timber industry has had a large role in the overharvesting of this rainforest tree.
In neighboring Cameroon G. kola is commonly cultivated, highlighting local responses to managing
commercially important resources (Fondoun and Manga 2000). Further investigation is needed to
make more substantial claims about the sustainability of these rainforest trees’ harvest for medicinal
use- including harvesting methods and frequency, natural distribution, population assessments, impact
studies and measurements on the rate of extraction versus the rate of natural regeneration (Guinee
2013; Ticktin 2004). Our results can contribute to improved resource management strategies, securing
not only the survival of these species, but also the availability of these resources to people who rely on
them for their physical, spiritual, and economic well-being (Dold and Cocks 2002). It should also be
noted that most of the species that we encountered on the market were not yet assessed by the IUCN,
which opens the possibility for additional threatened species.
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Salient traditional uses

Plants used in rituals comprised the majority of the medicinal plants sold on the market in Gabon,
reflecting the importance of Bwiti practices to modern urban culture in Gabon. Although Bwiti
customs are closely associated with the use of Zabernanthe iboga (Pope 1969), the indigenous torches
represent the greatest volumes of all plant products for sale. 7. iboga was sold in much smaller volumes,
suggesting that the many other ritual plants are commercialized and sold in larger volumes. Women’s
health issues and childcare comprised the next two largest health domains of commercialized plant
products. Medicinal plants are used widely in Gabonese women’s healthcare, especially for vaginal
cleanses (Towns and van Andel 2014).

Conclusion

This market survey contributes to the literature on the Central African medicinal plant trade, shedding
light on the current trade of species in the region, salient health needs and traditional uses met by the
market, and the monetary value of this informal economy. With an estimated annual volume of 27
tons of medicinal plant material worth US$ 1.5 million, Gabon’s market is smaller than herbal markets
in other parts of Africa but generally higher in floristic diversity. Dominated by barks, the Gabon
market also offers large quantities of IUCN vulnerable Aucoumea klaineana resin for sale. Including this
highly valued timber species, only 2% of the 217 species encountered on the market have conservation
concerns.

The herbal markets in Libreville housed 75% of the total stock of medicine plant products available for
sale daily. The markets in Libreville also featured many migrant vendors, the majority of whom were
Beninese, selling imported species not for sale at herbal stalls of Gabonese vendors. Bwiti stalls were
concentrated mainly in Port-Gentil while spice stalls selling dual purpose food and medicine products
were common throughout the 14 markets we visited. Over 30% of the medicinal plant products from
the herbal market were used for ritual purposes, highlighting the role of traditional spiritual practices
and ceremonies in urban life in Gabon. Our results serve to fill the gaps in knowledge of a major
medicinal market in a conservation-priority country of Central Africa, stress the role of herbal medicine
in a relatively wealthy African country, and contribute to the overall understanding of the complexity
of the African herbal medicine trade.
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Appendix 1: Plant products recorded for sale on Gabon markets
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Appendix 2: Weight of plant species recorded for sale in Gabon per market stall
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Appendix 2: Weight of plant species recorded for sale in Gabon per market stall
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Appendix 2: Weight of plant species recorded for sale in Gabon per market stall
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