
R E S E A R CH A R T I C L E

Can seed exchange networks explain the morphological and
genetic diversity in perennial crop species? The case of the
tropical fruit tree Dacryodes edulis in rural and urban Cameroon

Aurore Rimlinger1,2,3 | Jérôme Duminil2 | Marie-Louise Avana-Tientcheu4 |

Stéphanie M. Carrière3

1Institute of Geography and Sustainability,

Faculty of Geosciences and Environment,

University of Lausanne, Lausanne, Switzerland

2DIADE, Univ. Montpellier, IRD, CIRAD,

Montpellier, France

3SENS, IRD, CIRAD, Univ. Paul Valery

Montpellier 3, Univ. Montpellier, Montpellier,

France

4Forestry Department, Faculty of Agronomy

and Agricultural Sciences, University of

Dschang, Dschang, Cameroon

Correspondence

Aurore Rimlinger, Institute of Geography and

Sustainability, Faculty of Geosciences and

Environment, University of Lausanne, 1015

Lausanne, Switzerland.

Email: aurore.rimlinger@unil.ch

Funding information

Agropolis Fondation, Grant/Award Number:

1605-042; Agence Universitaire de la

Francophonie (AUF); Gold Open Access Fund

of the University of Lausanne

Societal Impact Statement

Crop seed exchange networks, shaped by social dynamics, strongly influence the

organization and breadth of plant diversity in human-managed environments. Inte-

grating an urban and market perspective, this study explores the diversity dynamics

of a socio-economically important Central African fruit tree species, the African plum

tree. Tree owners in urban, peri-urban and rural sites use seeds from different origins

as their main propagation material, leading to locational variations in genetic diversity

and structure. This analysis contributes toward building a framework to inform the

research agenda of cultivated African fruit trees, by highlighting the important role of

urban centers in safeguarding crop genetic resources.

Summary

• Biocultural factors constrain the dynamics of crop species diversity. Here, we con-

sidered different aspects of the social, spatial and temporal dynamics of morpho-

logical and genetic diversity in a multi-purpose perennial crop, the African plum

tree (Dacryodes edulis). We assessed (i) how seed exchange networks were orga-

nized along urbanization gradients, and how they influenced the distribution of

species diversity; (ii) the temporal dynamic of seed exchange network by charac-

terizing species genetic diversity through time.

• To do so, the study was carried out in Cameroon, where we focused on three

urbanization gradients, covering urban, peri-urban and rural areas, corresponding

to three different ethnic groups (Bamileke, Bassa, Beti). We combined interviews

with tree owners and nuclear microsatellite-based genetic analyses.

• Tree owners from urban and peri-urban sites primarily used distant seed sources,

acquired in the market or from their village of origin, as propagation material,

whereas tree owners in rural sites relied primarily on village-level seeds. In turn,

genetic diversity was not evenly distributed, with rural sites exhibiting their own

genetic clusters. On the contrary, the genetic diversity of urban sites was
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enhanced by extensive human-mediated seed flows. Looking at trees from differ-

ent age classes, we found that genetic diversity was stable over time.

• Overall, this first attempt to combine different levels of diversity for African plum

trees in commercially connected areas expands the scope for in situ intraspecific

conservation by highlighting the contribution of urbanized areas.
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1 | INTRODUCTION

The morphological and genetic variation of crop species are influ-

enced by human actions through the selective pressures they exert,

via seed selection for traits of interest or selective removal of undesir-

able individuals (Gepts, 2004). Genetic diversity is the foundation to

ensure crop adaptation to heterogeneous and changing environments

(Zimmerer & de Haan, 2017). Understanding the patterns of genetic

variation of crop species currently managed in agroecosystems is of

paramount importance, as it directly contributes to the quality of

human food, to the productivity, resilience, and adaptive capacity of

agroecosystems and to the local and global economy (Hajjar

et al., 2008; Kahane et al., 2013; Labeyrie et al., 2021; Renard &

Tilman, 2019). In contrast to annual crops, whose evolution through

domestication is well characterized, long-lived species remain under-

studied, especially in sub-Saharan Africa.

The effects of cultivation on intraspecific plant diversity are gen-

erally demonstrated by comparative studies of wild against cultivated

populations. For native perennial species in the tropics, fruits from

cultivated populations are often shown to be significantly larger than

those from wild stands, although the two population types are not

necessarily clearly genetically differentiated (Aguirre-Dugua

et al., 2012; Moreira et al., 2017; Rollo et al., 2020). This comparative

framework can be complexified, with sampling being carried out from

wild populations to more or less intensively managed environments,

such as agroforestry systems and monocultures. This thus allows to

test the influence of different agricultural contexts or management

practices on intraspecific diversity (Cabrera-Toledo et al., 2020;

Miller & Schaal, 2006). Contrary to expectations, little differentiation

was found by Cabrera-Toledo et al. (2020) between populations from

separate compartments. This result was possibly due to exchanges of

germplasm among producers, stressing the need of taking the seed

exchange network dimension into account in such studies.

Informal seed exchange networks, on which African smallholder

farmers rely heavily for their seed supply (Coomes et al., 2015), can

promote the maintenance of intraspecific diversity (Pautasso

et al., 2013). For orthodox seeds able to conserve their viability after

drying to very low moisture content and stored in freezing conditions

for a long duration, the temporal evolution of diversity can be tracked

through diachronic analyses (Barry et al., 2008; Olodo et al., 2020).

For tree species, which are long-lived, but with recalcitrant seeds such

as Dacryodes edulis (Olayode & Kolawole, 2013), a possible way to

monitor diversity through time is to compare genetic diversity for dif-

ferent age classes, and when appropriate to link it with information

from owners on their seed sources, as well as evolving management

practices. Using this approach on jackfruit trees in Bangladesh, With-

erup et al. (2019) found downward trends in diversity over time, as in

any selection and breeding process, but which was strong whatever

the propagation method used. As for the spatial patterns of diversity,

recent studies underlined strong ties between spatial distribution of

genetic diversity (“genetic structure” for short) and local patterns

of human cultural diversity (Eyzaguirre, 2005; Galluzzi et al., 2010;

Jika et al., 2017; Labeyrie et al., 2016; Orozco-Ramírez et al., 2016).

To our knowledge, studies shedding light on the cultural forces

affecting plant intraspecific diversity are only seldom conducted for

tree species. An investigation on the baobab tree (Adansonia gregorii)

in northwest Australia, building on genetic and linguistic data, showed

congruent patterns of gene flow and borrowed Aboriginal names

(Rangan et al., 2015), suggesting that an ancient human use history

contributed to the current distribution of the species. Such large coin-

cidence between inferred barriers to gene flow among tree popula-

tions and differences in human language was also described in a study

carried out on common walnut and sweet chestnut trees in Eurasia

(Pollegioni et al., 2020). In both studies though, authors were careful

to underline the high spatial autocorrelation between languages and

tree genetic variation, as both responded in similar ways to environ-

mental drivers and constraints (Gavin et al., 2013), which could be

solved by designing research frames dealing with finer scales.

Urban areas are attracting mounting interest for their potential

for biodiversity conservation (Heath et al., 2020), as well as being

melting pots of cultural diversity. They are thus interesting places to

question the influence of human practices on the genetic diversity of

cultivated plants. In sub-Saharan Africa, tree planting in urban areas

has been identified since the late 1990s as an activity involving some

inter-ethnic co-operation and active seed exchange among inhabitants

(Linares, 1996). The relationship between human practices and the

intraspecific diversity of useful plants has been rarely approached

along urbanization gradients, going from rural to urban areas.

This article thus addresses the distribution of tree morphological

and genetic diversity, in relation to the propagation practices of three

ethnic groups settled in the urban center of Yaoundé, Cameroon. We

chose as our model species the African plum tree (D. edulis [G. Don]

H.J. Lam), which is native to the tropical rainforests of Central Africa,

ranging from Nigeria to Cameroon, Central African Republic,
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Democratic Republic of Congo, Equatorial Guinea, Gabon and Repub-

lic of Congo (Aubréville, 1962; Vivien & Faure, 1985). The species is

economically and culturally important, its fruits, the African plums,

being largely consumed across the subregion and internationally. They

are commonly cooked and eaten as snacks or side dishes (Tabuna &

Tanoe, 2009). Endemic to the Gulf of Guinea, African plum trees grow

naturally in forested areas of Cameroon, and their presence in

Yaoundé before urbanization is suggested by urban toponyms: the

pluralized name of African plum in Ewondo (messa) is used to refer to

several neighborhoods (Ngo Gweth et al., 2015). Although much of

the long domestication history of the species is yet to uncover,

African plum trees have been gradually cultivated and commercialized

within the region. Apart from wild individuals in Central African rain-

forests (Mboujda et al., 2022), they are now mostly found in home

gardens and agroforests from rural up to urban areas (Nguegang

Asaa, 2008; Schreckenberg et al., 2002). Reflecting its popularity and

socio-economic importance to local people, the species was among

those selected for participatory domestication in Cameroon and other

countries of the humid lowland of West Africa in the 1990s and early

2000s, whereby its intraspecific variation was characterized and used

for agronomic improvement (Franzel et al., 1996; Leakey et al., 2002;

Leakey & Simons, 1998; Simons & Leakey, 2004; Tchoundjeu

et al., 2002). It is indeed the fruit tree with the highest use-value in

cocoa agroforests (Jagoret et al., 2014), as well as one of the most

widespread perennials in Yaoundé (Mala, 2009), making it the

most suitable native tree species for sampling from rural to urban

areas. The species is pollinated by insects from Apoidea taxa in partic-

ular (Fohouo et al., 2001), and is predominantly allogamous (Kengue

et al., 2002), with selfing possibly occurring in male-hermaphrodite

trees (Kengue, 1990). Planting materials propagated by cutting and

marcotting are available in some nurseries managed by the National

Agricultural Research Institute for Development (IRAD) and the World

Agroforestry Centre (ICRAF), as well as in some private nurseries, but

in limited quantity (Degrande et al., 2013). Moreover, their use is still

limited due to their high price.

This study aimed to explore different aspects of the social, spatial,

and temporal dynamic of African plum diversity, furthering previous

works on the species (Rimlinger et al., 2021) by (i) comparing the dis-

tribution of genetic and morphological diversities in the different sites;

(ii) refining our understanding of the uniqueness or not of urban diver-

sity; and (iii) assessing the impact of seed exchanges through time by

analyzing the genetic diversity between different trees' cohorts. We

thus collected genetic and morphological data on African plum trees

from three different ethnic groups present in three production basins

to cover the main Cameroonian production area. Further, we charac-

terized the urbanization gradient by adding peri-urban sites, and infor-

mation on tree age to evaluate the temporal evolution of the

diversity. We expect that along the urbanization gradients, seed

exchanges are extensive in relation to the rural–urban supply chain,

but also favored by exchanges between people from the same ethnic

group, with some yet unpredictable variations between ethnic groups.

We also expect a stronger genetic structure among rural sites, as

these sites are less connected by trade roads, and as exchanges

among ethnic groups might be less frequent than exchanges within

ethnic groups, driven by kin relationships. Finally, Yaoundé should cor-

respond to a sink of genetic diversity for the species, with planting

material sourced from different locations through seeds imported

from various rural producing areas, either by buying fruits from the

markets or by taking them directly from villages of origin of the city

dwellers (Rimlinger et al., 2021). To limit the bias of sampling only one

kind of fruit phenotype along the production basins, we considered

African plum morphological diversity as well. Overall, we analyzed

how management practices, collected through 341 interviews with

tree owners, were linked to the distribution of morphological and

genetic diversity of cultivated African plum trees.

2 | METHODS

2.1 | Study sites and sample collection

In this study, we extended the methodological framework of Rimlinger

et al. (2021) in three ways. Firstly, we included rural as well as peri-

urban sites associated with three ethnic groups present in Yaoundé

(Bamileke, Beti, and Bassa). This allowed us to test the distribution of

genetic diversity between ethnic groups. Secondly, we introduced the

intraspecific morphological diversity of fruits, which allowed us to

understand if there is a correlation between the level of genetic and

morphological diversity. Lastly, the temporal dynamic of seed

exchange network was indirectly investigated by characterizing spe-

cies genetic diversity through time.

In order to characterize the spatial and social dynamics of genetic

diversity distribution along the African plums' rural–urban supply

chain, tree owners were interviewed, and tree material was sampled

for genetic analyses along three urbanization gradients connecting the

city of Yaoundé to its main supply areas of African plums. Each urbani-

zation gradient was corresponding to a specific ethnic group (Beti,

Bamileke, or Bassa), and was composed of a rural, a peri-urban, and an

urban site in different neighborhoods of Yaoundé (Figure 1), allowing

to analyze both an urbanization effect and an ethnic group effect. The

rural and peri-urban sites were as follows: one in the Centre region

(Beti ethnic group), the second stretching to the West region

(Bamileke ethnic group), and the third stretching to the Littoral region

(Bassa ethnic group). The peri-urban sites were defined as areas whose

supply and demand were strongly tied to those of the urban market,

due to their paved road connection to the metropolis of Yaoundé

(Temple & Moustier, 2004). Rural sites (such as R2) were sometimes

located closer to Yaoundé than peri-urban sites (such as PU3), but

with poor connections to the city, and thus weaker exchange possibili-

ties. The peri-urban site along the western urbanization gradient had

more Beti inhabitants, the predominant ethnic group locally, than

Bamileke migrants so a mixed sampling (of both ethnic groups) was

adopted. In Yaoundé, we conducted interviews with African plum tree

owners from these three ethnic groups in three neighborhoods: one

neighborhood from the city center and two from its periphery, as the

settlement history and ethnicity of urban dwellers differ between the
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urban core and the outlying areas (Togolo, 2019). Most urban dwellers

belonged to the Beti ethnic group in the central site of Essos, whereas

urban dwellers from all the three above-mentioned ethnic groups were

living in Oyom-Abang and Messa-Carrière sub-counties.

Upon arrival in the different sites, we introduced ourselves to

customary chiefs. When possible, we organized a first focus group

to meet with African plum tree cultivators of the community, whose

reputation was known by people from the chiefdom. Then, interviews,

as described in Rimlinger et al. (2021), were based on an opportunistic

sampling and a snowballing approach. Before interviews, tree owners

were informed of the research intentions and of their right to partici-

pate or decline. After interviews, they were given a form stating that

the interview had been conducted in accordance with the principles

of free and informed consent, which they could sign if they agreed.

Summarized information of tree owners' characteristics (gender, age,

ethnicity) was added in Supporting Information (Table S1).

In total, we interviewed 341 tree owners (160 women, 181 men)

and surveyed 722 African plum trees across these nine sites (one site

corresponding to one position on the gradient for one ethnic group,

except for the mixed Bamileke-Beti peri-urban site; Table 1 and

Figure S1). To characterize the influence of human practices on the

distribution of the morphological and genetic diversity of African plum

trees, we collected information on the origin of tree planting material,

the diversity of fruit morphotypes, and the genetic polymorphism of

these individuals. These approaches were developed in the urban,

peri-urban, and rural sites. Information on fruit characteristics (see

below) was fully available for 592 trees, and information on seed ori-

gin used for plantation (see below) was available for 375 trees

(Table 1). Geographical coordinates and diameter at breast height

(DBH) were collected for each tree. Leaves from 455 of them (from

24 to 83 trees/site) were collected in silica gel for genetic analyses

(Table 1).

2.2 | Propagation practices: seed origin and
characteristics

We recorded owners' information on the geographic origin of the

propagation material (seeds, seedlings, cuttings) used to plant their

trees. Taking “situated knowledge” (Nazarea, 1999) in consideration

in genetic studies is crucial to accurately understand genetic patterns

(Leclerc & Coppens d'Eeckenbrugge, 2012; Gros-Balthazard et al.,

F IGURE 1 Sampling design. On the left, schematic diagram of sampling strategy along the three urbanization gradients, going from urban
sites to three rural (R) sites passing through peri-urban (PU) sites, and the distribution of the three ethnic groups in each site (1: Bamileke, 2: Beti,
3: Bassa; the PU1 site including a mixed-sample of Bamileke and Beti tree owners; each group is represented with a color [green, blue, and
orange, respectively]). On the right, map of South Cameroon with the rural and peri-urban sites, with a close-up on Yaoundé for the urban sites
and the proportion of owners from the different ethnic groups interviewed in each site.

TABLE 1 Summary of the total number of Cameroonian African plum tree owners (NTO) interviewed per site along the urbanization gradient
according to their ethnicity; together with the number of trees sampled for morphological characterization (NTM) and for genetic characterization
(NTG).

Site type

Ethnicity

Urban Peri-urban Rural Total

NTO NTM NTG NTO NTM NTG NTO NTM NTG NTO NTM NTG

Bamileke 46 51 47 7 12 9 38 99 73 91 162 129

Bassa 23 26 24 36 77 60 29 81 83 88 184 167

Beti 61 82 71 47 89 48 33 75 40 141 246 159

Total 130 159 142 90 178 117 100 255 196 320 592 455
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2023): this means that local representations and practices, and more

broadly, their historical and social underpinnings, are all essential ele-

ments to be taken into consideration. Nonetheless, we acknowledge

that informants can sometimes provide confusing or inaccurate infor-

mation (Gros-Balthazard et al., 2020); to avoid this, questions were

refined or rephrased to make them as straightforward as possible.

When an information could not be obtained or trusted, data were

carefully cleaned: missing data were removed, as well as too vague

locations, for instance when trees were planted by other relatives or

unknown previous owners. From the 722 trees surveyed, a suffi-

ciently precise location could be identified for 375 trees. For these

trees, we distinguished four different categories of seed origin: the

owner's own field/home garden (category owner's own trees; Table 1);

outside of the owner's own field/home garden either from the same

village (category same village) or from a different village (category dif-

ferent village); a purchase at the market or in a commercial tree nurs-

ery (category market or nursery), meaning that the fruit traveled

through a commercial exchange network and some might be originat-

ing very far from the planting site. For the urban dwellers with a rural

background, the seeds could come from their village of origin, which

was made explicit with the subcategory % home village in the category

different village. When possible, we calculated the distance between

the seed source and the planting location using the R package geo-

sphere (Hijmans, 2019).

2.3 | Characterization of fruit morphotypes and
tree age classes

For each sampled tree, we first asked African plum tree owners to

provide its age, which was often estimated by them based on their

life history or that of their family (settlement, births, deaths). They

then described the morphological and taste characteristics of its fruits

based on an identification sheet (Methods S1) showing different pos-

sibilities for fruit size, shape, skin, and pulp color. We chose to use

this standardized sampling strategy instead of asking about owners-

defined ethnovarieties that are used differently between the three

ethnic groups (Lemoine et al., 2023; Rimlinger et al., 2021). To avoid

the overrepresentation of fruits with valued qualities, we paid atten-

tion, during the interview and sample procedure, not to put emphasis

on tasty or large fruits first, and to ask specific questions on small or

sour fruits. Based on answers from interviews, we added the extra

possibility “fluctuating” for three fruit characteristics (size, pulp color,

skin color). It corresponded to fruits with more than one of the differ-

ent possibilities, either between fruits for a given year or between

years. We added the owner description of fruit taste that was later

grouped in three categories: (very) good, average, and (very) sour. We

assembled four fruit characteristics that were demonstrated as the

most important to African plums producers and consumers (fruit size,

skin color, pulp color, and taste; Rimlinger et al., 2021) to obtain spe-

cific fruit morphotypes. From the initial 722 trees characterized, we

retained 592 trees with a complete morphotype corresponding to the

four characteristics. We represented the distribution of morphotypes

at the regional scale according to their relative frequencies. To check

how many new morphotypes were present in each additional site, we

also graphed the sampling effort (see Figure S2). Following the study

from Jarvis et al. (2008), where an average richness per farm corre-

sponds to the number of traditional varieties per household, we cal-

culated the richness in morphotypes based on the number of trees

corresponding to the above targeted characteristics. We estimated

the rarefied richness at each site for N = 25 trees using the R pack-

age vegan and measured the evenness (Oksanen et al., 2018). We

also applied the Shannon H diversity index at the intraspecific level,

as described in G�omez et al. (1998), which takes into account the

richness in morphotypes and the distribution of trees among morpho-

types in each site, and Pielou's evenness index to see the extent to

which some morphotypes were dominant, as presented in Smale

et al. (2001). The Shannon H diversity index increases following the

number of morphotypes and the evenness of their distribution; Pie-

lou's evenness index is maximal (1) when the distribution is the

most even.

Tree age was reported by tree owners for 442 trees (61% of the

total number of trees) with ethnoecological methods: specific ques-

tions were followed with probe questions when an informant was

struggling to remember a specific date or period. When a tree owner

was giving an age quickly and swiftly, we estimated it to be trustwor-

thy; when he or she was hesitating, additional questions were asked

to help identify it in relation to personal events (birth, wedding, death),

local or regional events (fire, flooding, storm), or political events (elec-

tion, other). The researcher interviewing was here to guide and dis-

cuss when the age given seemed implausible. A linear regression of

tree age and tree DBH was performed, since DBH is a frequent proxy

for age (Lieberman et al., 1985), resulted in an r2 value of 0.67

(p-value < .001; see Figure S3). We thus used information on trees'

DBH to classify them into three age classes, as in previous studies of

diversity changes over time (Wehenkel & Sáenz-Romero, 2012;

Witherup et al., 2019). Classes were defined as follows: young trees

(<15 years old trees; DBH below 20 cm, 97 trees), middle-aged trees

(15 to 40 years-old trees; DBH from 21 to 40 cm, 177 trees), and old

trees (>40 years old trees; DBH above 41 cm, 168 trees).

2.4 | DNA extraction and genotyping

We extracted DNA from dried leaves corresponding to 455 trees

(among which 402 trees with complete fruit morphology are avail-

able) following the protocol from Mariac et al. (2006) and genotyped

them using 10 out of 21 nuclear microsatellites available for the spe-

cies, selecting the most polymorphic and unambiguous (DaE-16, DaE-

20, DaE-23, DaE-27, DaE-29, DaE-36, DaE-41, DaE-42, DaE-46,

DaE-49; Rimlinger et al., 2020). Individuals were genotyped at the

CIRAD Genotyping Platform in Montpellier, France, using an ABI

3500 XL sequencer (Applied Biosystem, Foster City, California, USA).

Electropherograms visualization and scoring were done with the

microsatellite plugin in Geneious 7.1.3 (https://www.geneious.com).

Estimations of observed and expected heterozygosity (HO and HE),
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inbreeding coefficient (FIS), the effective number of alleles (Ne), the

rarefied allelic richness (Ar) and null allele frequency (r), and the cor-

rected inbreeding coefficient corrected for the presence of null allele

(Fnull) were obtained for each locus and population using SPAGeDi

1.5 (Hardy & Vekemans, 2002) and INEST 2.2 (Chybicki &

Burczyk, 2009).

To compare the distribution of genetic diversity between fruit

morphotypes, sites (along the gradient and among ethnic groups), and

age classes, we estimated the level of genetic differentiation among

sites with the FST fixation index and tested the genetic structure by

using a permutation procedure (5000 iterations) among all individuals

and sites with SPAGeDi. Levels of diversity between morphotypes

(characteristic by characteristic, in order to see if barriers to gene flow

were present between morphotypes), between sites and between age

classes, were compared with one-way analysis of variance, controlling

for the loci effect. The temporal evolution of genetic diversity through

time was investigated by characterizing the level of genetic diversity

and structure for the different age classes defined above (young,

middle-aged, and old trees).

The pattern of distribution of genetic diversity between the dif-

ferent sites was further characterized by using the Bayesian cluster-

ing analysis implemented in STRUCTURE (Pritchard et al., 2000) with

admixture ancestry and correlated allele frequencies. Given the global

weak genetic structure observed in this study (see Section 3 and

Figure S4), we used the LOCPRIOR option, as it facilitates attribution

of individuals to a given cluster at a given assignment probability

threshold (here of 0.8). K was set from 1 to 10, and each run was

replicated 10 times, with a burn-in period of 40,000 followed by

60,000 Markov Chain Monte Carlo repetitions. We first tested the

nine sites together, and then ran separate analyses within rural,

peri-urban, and urban sites, and within each axis. The optimal number

of K was assessed using STRUCTURE HARVESTER (Earl &

vonHoldt, 2012).

To determine if planting material exchange is more likely between

neighbor tree owners than between distant tree owners, we

characterized genetic relatedness between individual trees according

to geographical distances. Specifically, we calculated Loiselle's kinship

coefficient (Fij; Loiselle et al., 1995) between pairs of individuals

for different distance classes using SPAGeDi 1.5 (Hardy &

Vekemans, 2002). Spatial genetic structure (SGS) was tested by ran-

domly permutating individuals' position (10,000 iterations). This analy-

sis was carried out separately for urban, peri-urban, and rural sites,

with distance classes adjusted to have (i) more than 100 pairwise

comparisons for each interval; (ii) a proportion of all individuals repre-

sented at least once in the interval superior to 50%; (iii) a coefficient

of variation of the number of times each individual was represented

inferior to one. For urban trees, we ran the analysis first by urban site,

thus mixing tree owners from different ethnicities, second by ethnic

group, thus having trees scattered across urban sites. The power of

the analysis was good for all groups except for Bassa owners, where

the small number of trees was limiting (24 owners, less than 100 pairs

of trees per distance interval).

3 | RESULTS

3.1 | Seed origin according to sites

Data on the geographic origin of the seeds used for plantation (use of

vegetatively propagated planting material [marcots] was mentioned

for less than 0.5% of the trees sampled in this study), as informed by

tree owners, indicated that the distance from seed origin to plantation

site strongly differed between sites (Kruskal–Wallis test,

p-value < .001). This resulted in wide variations in mean

“origin-to-plantation” (O-P) distance (Table 2). Markets and villages

out of Yaoundé accounted for the bulk of seed origins for the trees

planted in urban and in peri-urban sites (89% and 75% of them,

respectively). Among the different village category, the villages of ori-

gin of new city dwellers held a special place in urban sites (64% of the

seeds from this category) and less so in peri-urban sites (21%). These

two “long-distance” categories were significantly less represented

(Pearson's Chi-squared test, p-value < .001) in rural sites where culti-

vators used mainly their own seeds or seeds from neighbors and rela-

tives within the same village (73% of the trees). This pattern was

observed for all ethnic groups investigated. The mean O-P distance

was significantly different between ethnic groups only for urban sites,

being highest for Bamileke (Kruskal–Wallis test, p-value = .012) and

similar for Beti and Bassa (p-value = .945).

To visualize the sharp decrease in distance calculated in Table 2,

seed origin was mapped separately for urban, peri-urban, and rural

sites (Figure 2). The number and spread of the different seed origins

was markedly different between peri-urban and urban sites on one

hand (Figure 2b,c), and rural sites on the other (Figure 2a). For the for-

mer, seeds came from many different localities far away from the

plantation locations, whereas for the latter were sourced in few differ-

ent localities close to the plantation locations.

3.2 | Morphological diversity between sites

The morphotypes were characterized according to three morphologi-

cal and one taste characteristics (see Figure S5 for distribution of the

different characteristics in the sampled sites), with two morphotypes

considered different when any of the four characteristics differed. Of

all the initial 592 trees, 147 different morphotypes were characterized

in total, with an average richness of 41 ± 12 morphotypes per site

along the gradient (Table 3). The most common morphotype, with

large, blue skin, white pulp and good-tasting fruits, was found for

55 trees (9.3% of the total number of trees; see the rank-abundance

distribution in Figure 3). The three most common morphotypes were

present in the nine sampling sites, whereas 66 morphotypes were

unique to one site. Within each site, the mean number of shared mor-

photypes (i.e., morphotypes cited by at least two different owners)

was 8.9; it ranged from 4 to 19. In percentage of the total number of

morphotypes present in each site, it represented in average 15%

(ranging from 9% to 19%).
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The richness was maximal in the Beti peri-urban site when looking

at the rarefied morphotypes richness (MR) for N = 25 trees, and for

the Beti urban and Bassa rural sites when looking at the Shannon index

(H). The lowest H value was given for the Bassa urban site, where the

smaller number of trees was characterized. The overall evenness was

of 0.85, and the rank-abundance distribution (Figure 3) illustrated that

only a few morphotypes were represented by many different trees,

with almost half of the morphotypes (N = 64) characterized only once.

F IGURE 2 Origins of the seeds used to plant Dacryodes edulis trees in the different sites in Cameroon: a. rural sites; b. peri-urban sites;
c. urban sites, with a close-up on Yaoundé. Details of seed provenances are presented in Table 2. Dots are colored following the ethnic group of

the tree owner; rural and peri-urban sites are marked by a black cross and Yaoundé is figured with a red cross. The spatial ethno-linguistic data
are taken from Felix and Meur (2001).

TABLE 2 Mean “origin-to-plantation” (O-P) distance along the three ethnic gradients according to the site type, presenting the data on the
geographic origin of the African plum seeds used for plantation in Cameroon. The distance between the location where a seed originated and the
one where it was planted was calculated based on geographic coordinates inferred from interviews with tree owners.

Ethnic group Site typea

Seed origin (frequency)
O-P distance ± SEM (km)

N
Farmer's
own trees

Same
villageb

Different village
(% home village)

Market or
nurseryc All origins combined

Bami-leke Urban (U1) 40 0.03 0.08 0.43 (71%) 0.48 98.5 ± 13.3

Peri-urband (PU1) 40 0.03 0.28 0.30 (25%) 0.40 40.6 ± 10.2

Rural (R1) 49 0.14 0.61 0.04 0.20 4.3 ± 1.3

Beti Urban (U2) 51 0.06 0.06 0.43 (32%) 0.45 31.7 ± 6.7

Peri-urban (PU2) 39 0.13 0.13 0.21 (12.5%) 0.54 20.8 ± 7.1

Rural (R2) 54 0.24 0.37 0.22 0.17 7.8 ± 1.9

Bassa Urban (U3) 18 0.11 0.00 0.44 (88%) 0.44 42 ± 12.6

Peri-urban (PU3) 37 0.16 0.03 0.43 (25%) 0.38 12.5 ± 2.9

Rural (R3) 47 0.15 0.68 0.15 0.02 2.5 ± 0.5

Abbreviation: SEM, standard error of the mean.
aSites are codified (U1, PU1, R1, etc.) as in Figure 1;
bSame neighborhood in the case of urban sites;
cSeeds are bought in markets by purchasing fruits, and in nurseries by purchasing juvenile trees;
dMixed sampling: Beti and Bamileke (see Section 2 for explanation).
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3.3 | Distribution of genetic diversity relative to
fruit traits

Using the FST fixation index, we compared the genetic differentiation

between trees grouped based on each of their morphological (fruit

size, skin, and pulp color) and taste characteristics. For skin and pulp

color, and taste, all FST values from comparisons between pairs

among categories were not significantly different from zero, indicat-

ing similar allele frequencies, and therefore weak population struc-

ture, between them. On the other hand, the FST between large and

small fruits was significantly different from 0 (FST = 0.002;

p-value = .031).

3.4 | Genetic diversity between gradients

The overall diversity between each gradient differed significantly

(p-value < .001, Table 4). The mean AR15 value (the rarefied allelic

richness for k = 15 gene copies) was higher for the Bamileke and

Beti gradient (respectively, 7.3 and 7.1) than for the Bassa gradient

(6.8). In both the peri-urban and rural areas, the higher AR15 was

observed for sites from the West/Bamileke axis (rural Bamileke,

peri-urban mixed). For the rural area, it was significantly higher than

that of the Beti site (p-value = .017); for the peri-urban area, it was

higher than that of the Bassa site (p-value = .015). The comparisons

within each axis (Bamileke, Bassa, and Beti separated; except for the

peri-urban site of the West axis with a mixed Beti/Bamileke sam-

pling) show a significant difference (p-value < .001) for the Centre

region/Beti axis only, where the allelic richness of the rural site was

lower than that of the peri-urban and urban sites (Table 4). Between

sites, the AR15 was of 7.2 for both the urban and peri-urban and

was of 6.7 for the rural area. The ANOVA controlling for the loci

effect confirmed that AR15 in rural sites was lower than those of

urban and peri-urban sites (p-value < .001). Meanwhile, the AR15 in

those latter sites was similar (p-value = .47). Within areas of the

gradient, AR15 was significantly different among peri-urban sites

(p-value = .045) and among rural sites (p-value = .018) for the three

ethnic groups but was equivalent among urban sites (p-value = .39;

Table 4).

TABLE 3 Indices of richness in Dacryodes edulis morphotypes according to sites in Cameroon for the three ethnic groups and site types.
Morphotypes were coded based on four characteristics (three morphological, one organoleptic); two morphotypes were considered identical
when they shared the same four characteristics.

Ethnic group Site typea Nb trees Nb morphotypes MR H Pielou (evenness)

Bamileke Urban (U1) 51 30 17.4 3.1 0.91

Peri-urbanb (PU1) 43 28 18.3 3.1 0.93

Rural (R1) 99 50 19.2 3.6 0.93

Beti Urban (U2) 82 53 19.9 3.7 0.92

Peri-urban (PU2) 58 43 21.3 3.6 0.96

Rural (R2) 75 46 19.8 3.6 0.94

Bassa Urban (U3) 26 19 18.4 2.8 0.95

Peri-urban (PU3) 77 46 19.2 3.5 0.92

Rural (R3) 81 52 20.5 3.7 0.94

All (nine sites) 592 147 19.5 4.3 0.85

Note: MR: rarefied morphotypes richness calculated for N = 25 trees; H: Shannon index.
aSites are codified (U1, PU1, R1, etc.) as in Figure 1;
bMixed sampling: Beti and Bamileke (see Section 2 for explanation).

F IGURE 3 Rank-abundance curve displaying the relative
morphotype abundance for the fruit of Dacryodes edulis trees in
Cameroon; the most abundant morphotype is given Rank 1 and the
least abundant morphotypes, characterized only once in our case, are
given the highest ranks. Characteristics of morphotypes are ordered
as follows: fruit size, skin color, pulp color, fruit taste.
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3.5 | Patterns of population differentiation
between sites

The mean values of FST varied between �0.0004 and 0.023 (Table 5).

FST values between urban sites were not significantly different from

zero. Within peri-urban sites, the Bassa site is the only one presenting

a weak and significant genetic differentiation compared to other sites:

three pairwise comparisons with other urban or peri-urban sites were

significantly different from zero. Rural sites were the most differenti-

ated, having the highest FST values (from 0.021 to 0.023), all signifi-

cantly different from zero.

The Bayesian clustering analysis had an optimal value at K = 3

(see Figure S6) and attributed rural sites to different clusters

(Figure 4). Using an assignment probability threshold of 0.8, each rural

site tended to be assigned to one different genetic cluster. This is par-

ticularly true for the Bamileke (cluster 1, in green in the Figure 4) and

the Bassa sites (cluster 2, in red). The Beti site is more mixed with

individuals assigned to the same genetic cluster as the Bassa site or to

a third genetic cluster. Individuals from the peri-urban sites are

admixed between clusters 1 and 2, except in the Bassa site where

they tend to be assigned to cluster 2 (72% of the trees). Individuals

from the urban sites are predominantly admixed between clusters

1 and 2. No substructure was detected within similar sites nor within

each axis (see Figure S7).

3.6 | Distribution of genetic diversity within sites

A signal of isolation by distance was observed for many sites, with

pairwise kinship coefficients decreasing significantly with distance

(Figure 5). At the fine scale, the kinship coefficient analysis showed

various patterns depending on the type of sites and the ethnic group

considered. In the rural sites, a significant spatial structure in distance

classes <100 m was detected both in the Bassa and Beti sites (p-

TABLE 4 Genetic diversity indices of Cameroonian African plum trees of the urban, peri-urban, and rural sites for the three ethnic groups.
Indices were obtained at the population scale, standard errors of the mean (SEM) are reflecting differences between the 10 microsatellite
markers. Population genetics' indices are the following: Np, number of private alleles; Ne, effective number of alleles; AR15, rarefied allelic
richness for k = 15 gene copies; HE, expected heterozygosity; HO, observed heterozygosity; FIS, inbreeding coefficient; values are means ± SEM;
Fnull, estimation of the inbreeding coefficient accounting for null alleles.

Gradient Ethnic group Nb trees Np Ne AR15 HE HO FIS Fnull

Urban Bamileke 47 6 7.7 ± 1.5 7.2 ± 0.7 0.83 ± 0.03 0.72 ± 0.04 0.14 ± 0.05 0.046

Beti 71 9 7.5 ± 1.1 7.4 ± 0.5 0.84 ± 0.02 0.69 ± 0.04 0.18 ± 0.05 0.034

Bassa 24 1 6.3 ± 1.0 7.0 ± 0.6 0.80 ± 0.03 0.69 ± 0.05 0.15 ± 0.06 0.031

Peri-urban Mixed 31 2 7.8 ± 1.0 7.5 ± 0.5 0.85 ± 0.02 0.75 ± 0.04 0.13 ± 0.04 0.065

Beti 60 3 7.7 ± 1.3 7.2 ± 0.6 0.83 ± 0.03 0.67 ± 0.05 0.20 ± 0.05 0.033

Bassa 26 5 6.6 ± 1.1 6.9 ± 0.6 0.81 ± 0.03 0.72 ± 0.03 0.11 ± 0.04 0.016

Rural Bamileke 73 18 7.6 ± 1.2 7.1 ± 0.6 0.84 ± 0.02 0.74 ± 0.04 0.12 ± 0.04 0.014

Beti 83 4 6.2 ± 0.6 6.5 ± 0.4 0.82 ± 0.02 0.67 ± 0.05 0.18 ± 0.06 0.035

Bassa 40 2 5.5 ± 0.7 6.6 ± 0.5 0.79 ± 0.03 0.69 ± 0.05 0.12 ± 0.07 0.013

All 455 50 7.3 ± 1.2 7.3 ± 0.6 0.83 ± 0.03 0.71 ± 0.04 0.15 ± 0.05 0.009

TABLE 5 Genetic differentiation between urban, peri-urban, and rural sites of Cameroonian African plum trees for the three ethnic groups.
Pairs of sites for which FST was significantly different from zero (permutation test) are in bold. Cells are colored in gray for similar site types, and
in green, blue, and orange for similar ethnic groups (respectively, Bamileke, Beti, and Bassa).

Site type
Urban Peri-urban Rural

Ethnic group Bamileke Beti Bassa Mixed Beti Bassa Bamileke Beti Bassa

Urban Bamileke

Beti 0.001

Bassa 0.005 0.001

Peri-urban Mixed 0.0002 0.0004 0.006

Beti �0.005 0.003 0.004 �0.0004

Bassa 0.004 0.005 0.005 0.003 0.006

Rural Bamileke 0.008 0.009 0.017 0.007 0.006 0.015

Beti 0.011 0.015 0.023 0.015 0.007 0.018 0.023

Bassa 0.007 0.009 0.006 0.011 0.008 0.004 0.021 0.022
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value = .0012 and p-value < .001), with Fij values of 0.024 and 0.035

respectively, but was absent in the Bamileke site. For the Bassa rural

site, the third distance class (500 m) was also significantly higher than

at random (p-value = .0096). In the peri-urban sites, the Fij values

at short distances were lower than for the rural sites and no spatial

structure was detected. The analysis of Fij for the urban sites showed

a significant spatial structure found for the first distance class for

Bamileke, Bassa, and Beti ethnic group, respectively (p-value < .001,

p-value = .011, and p-value = .0016). Fij values presented for each

category of sites depending on ethnic groups are added in Figure S8.

3.7 | Temporal evolution of genetic diversity

The rarefied allelic richness for k = 100 gene copies (AR100) for the

different tree age classes showed that young trees (N = 100 trees),

middle-aged trees (N = 196), and old trees (N = 159 trees) had similar

AR100 (ANOVA controlling for loci effect, p-value = .83), of 15.6,

15.5, and 15.7, respectively. Comparing FST values among sites in each

age class, the trend showed a slightly increasing differentiation

through time: the FST was of 0.007 for old trees, 0.013 for middle-

aged trees, and 0.016 for young trees (all values significantly different

from 0 as tested with permutations). A similar trend was observed

when considering rural sites only, with FST values of 0.019, 0.022, and

0.041 for old, intermediate, and young trees, respectively. For peri-

urban sites, the decreasing trend was not matched, with FST values of

0.002, 0.019, and 0.008 for old, intermediate, and young trees,

respectively.

4 | DISCUSSION

4.1 | Seed sources

Trees from urban, peri-urban, and rural sites strongly diverged with

regard to their seed sources, as evidenced by the interview data.

Seeds planted in urban and peri-urban sites were for the most part

obtained from other rural sites not sampled for the present studies or

from city markets, both of which are long-distance seed sources. On

the other hand, seeds from rural sites came from short distances,

either from cultivators' own fields or from neighbors and relatives in

the village. A remarkably high proportion of Bamileke and Bassa urban

dwellers reported sourcing their seeds from their home village. The

map of peri-urban seed sources also displayed how tree owners of

each ethnic group were sourcing most of their seeds within their eth-

nic boundaries. In the urban area, the higher distance between seed

origin and seed plantation for Bamileke reflects that villages from the

West region are spread further away than villages where Bassa and

Beti are settled. This means that Bamileke urban dwellers used the

seeds from their home villages regardless of the distance, which can

be explained by the strong linkages they maintained with their rural

areas, as recently reappraised in Cameroon by Mainet (2017). Owners'

ethnicity is thus an important factor in the African plum seed

exchange networks' structure.

On the other hand, African plum trees' owners from urban and

peri-urban sites sourced a significant part of their seeds from non-

co-ethnic counterparts. An important proportion of the seeds used for

planting were obtained from fruits purchased in the city markets,

which were the main seed sources in urban and peri-urban sites. Fruits

sold on Yaoundé markets come from all production regions, following

fructification seasonality (Temple, 2001). Owners sometimes also

bought fruits in roadside markets along major road axes connecting

different villages and cities while traveling. Moreover, seed flow

occurred in adjacent (administrative) regions between two ethnic

groups, such as what we observed for the Beti rural site, where owners

mentioned a Bassa origin for some of their trees (see Figure 2).

Seed flows along urbanization gradients were mainly from rural

sites to urban sites. For rural sites in the Bamileke and Beti axis, 15%–

20% of seeds were sourced from markets in nearby cities. In the

peri-urban and rural sites on the Beti axis, a few seeds were also

sourced in Yaoundé urban markets. Hence, seed flows between rural,

peri-urban, and rural areas are not only unidirectional. The role of

F IGURE 4 Structure of the genetic diversity of Dacryodes edulis trees across sites in Cameroon. Output of clustering analysis by STRUCTURE
software for two (above, K = 2) and three clusters (below, K = 3) of the total 455 trees across sites. Each individual is represented by a vertical
line, which is partitioned into two or three segments depending on K (shown as red, green and blue) that represent the individual's inferred
membership in each of the two or three clusters. Individuals, labeled below the figure, are sorted following gradient (U: urban, PU: peri-urban, R:
rural) and ethnicity (1: Bamileke, 2: Beti, 3: Bassa; the PU1 site including a mixed-sample of Bamileke and Beti tree owners).
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urban areas as potential seed sources in rural areas was mentioned for

other crops as well, either coming from formal (Latournerie

et al., 2005) or informal seed supply networks (Ban & Coomes, 2004).

4.2 | Genetic diversity and its distribution
following seed exchange networks

Qualifying the scope of seed exchanges helps to understand genetic

patterns. In general, seed dispersal has a great role in shaping spatial

distribution of genetic diversity (Hamrick et al., 1993). Together with

pollen dispersal, it is indeed responsible for gene flow, a key

evolutionary force that leads to a homogenization of genetic diversity

among populations (Ellstrand, 2014). Concerning cultivated species,

anthropogenic seed dispersal through intentional exchanges between

people or through markets allows for long-distance dispersal, which is

less common through natural processes (Bialozyt et al., 2006). This

is of major importance for population dynamics as it connects other-

wise separate distant populations (Cain et al., 2000) and can thus

bring new alleles into the local gene pool. The dynamic and structure

of seed exchange networks of crop species therefore strongly influ-

ence their genetic diversity (Delêtre et al., 2011; Fuentes et al., 2012).

For the African plum tree, its natural pattern of diversity based on wild

individuals has not been described yet. But in our study, the possibility

F IGURE 5 Variation of Loiselle's pairwise kinship coefficient (Fij) over distance (m) in Dacryodes edulis trees sampled along the Bamileke, Beti
and Bassa gradients in Cameroon. Calculations for the different points were made with trees grouped in distance categories (m) on the x axis,
from close-by trees on the left side of the graph to wider away trees on its right side. Vertical bars are standard errors of the mean.
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that we surveyed old (putatively wild) individuals, which had persisted

in urban or peri-urban areas, is thin, as we did not collect trees from

remnant forests but only from cultivated home-gardens or fields.

Moreover, interviews allowed us to demonstrate where seeds used

for planting were coming from. We showed how important human-

mediated seed dispersal was occurring across large scales: for

instance, less than 10% of the trees surveyed in Yaoundé were from

within the city. This means that the observed genetic diversity is

strongly human-driven: whatever the (unknown) diversity pattern in

Yaoundé before urbanization, it plays a minor role in the results

obtained.

We further evaluated if the spatial distribution of genetic diver-

sity in African plum tree could be explained to some extent by seed

exchanges networks across three urbanization gradients correspond-

ing to three different ethnic groups (Bassa, Beti, Bamileke). Globally,

the genetic structure was weak among the sites investigated

(FST = 0.0097), but some trends emerge when comparing the differ-

ent sites along the urbanization gradient (urban, peri-urban, rural). The

genetic diversity within sites from the urban and the peri-urban area

is homogeneously distributed, whereas a slight genetic structure was

observed in rural sites. This is well in line with patterns of seed

exchanges that we observed. As people from rural sites predominantly

source their seeds locally, this leads to a genetic structure by selec-

tion/drift effect. This structure effect is probably offset by the out-

crossing sexual reproduction of the species, as well as by new

genotypes that might have been introduced into the areas through

fruits brought from other sites. It is not possible to tell from our analy-

sis if this structure pattern among rural sites results from fewer

exchanges of genetic material among ethnic groups than within ethnic

groups, or if this solely corresponds to an isolation by distance pat-

tern. Actually, rural sites investigated were also the most spread out

geographically: Bamileke rural site is around 160 km away from

Yaoundé, Bassa rural site 80 km away, and Beti rural site 40 km away.

We would need to characterize patterns of seed exchanges and asso-

ciated genetic structure between two ethnic groups at smaller geo-

graphical distance to further clarify this pattern, for instance

comparing the Beti rural site to a nearby Bassa rural site.

In peri-urban and urban areas, the slight structure observed in

rural areas disappeared, in relation to larger seed exchange networks:

seeds in these areas were coming from multiple rural villages either

through trade roads or through exchanges with relatives located in

these (home) villages. Thus, the urban area of Yaoundé acts as a “sink”
of genetic resources coming from different sources from the rural area.

We noted that tree owners from the Bassa ethnic group were the

one with the fewest seeds estimated to have originated from outside

of their cultural area (see on Figure 2). For the three sites along the

Bassa axis, we recorded only one occurrence of a seed sourced in the

Bamileke region, for a tree that was not attributed to the cluster 3. It

was also the only ethnic group whose trees were attributed to the

same cluster 3 whatever their location on the gradient.

To date, most studies on seed exchange networks have been cen-

tered on communities with limited involvement in the market econ-

omy, and thus the contribution of seeds purchased on markets had

seldom been incorporated (Garine et al., 2018). The present study was

built along African plum trade roads, and therefore included the asso-

ciated market dynamics. Urban and peri-urban agriculture are known

to play a role in maintaining crops' genetic diversity. In our case, by

attracting seeds from rural areas, cities and their surroundings can, per

se, represent a melting pot of intraspecific diversity cultivated by

farmers from the countryside. For the African plum tree, this was

done by comparing the levels of genetic diversity observed between a

main supply area and a district of Yaoundé (Rimlinger et al., 2021),

and by showing that both levels were similar. Adding other rural areas,

we demonstrated that the level of genetic diversity in Yaoundé could

even be significantly higher than in some rural sites. This observation

is well in line with the structuration of the genetic diversity among

rural sites according to the seed exchange processes. Altogether, this

demonstrates the role played by urban dwellers in the dynamic of

genetic resources of crop species.

The downwards trend in FST values between rural trees following

age classes (with the FST between rural sites being lower for old trees

than for young trees) suggests that the populations tend to be more

structured than before. This could be caused either by selection

and/or genetic drift, leading to more divergent populations through

time, without seed flows between rural sites to compensate the rein-

forcement of the pattern. This seems surprising as the road network

might have improved over time, strengthening the connection

between the capital city and rural production areas. Such road

network would also facilitate the exchange of propagation material,

leading to a decrease in genetic structure over time. Nevertheless, our

results suggest that the flux of propagation material is predominantly

unilateral, from rural areas to urban areas.

4.3 | Bridging morphological and genetic diversity

Three of the four sites containing a rarefied morphotype richness

(MR) superior to that of the all-sites mean were the urban, peri-urban,

and rural sites on the Beti axis, the fourth being the Bassa rural site.

These results must nonetheless be interpreted with caution as the

sampling effort varied between sites. The Shannon index is, for

instance, lower in urban Bamileke and Bassa and peri-urban mixed

sites, which are also the ones with the fewer number of trees. On the

other hand, the low MR richness for the Bamileke urban site can be

due to the dominance of some morphotypes, as indicated by the com-

paratively low evenness value. The latter can also reflect more inten-

sive selection practices along this gradient, which also contains one of

the most famous African plums production areas for Cameroon

(in Makenene).

Genetic differentiation between morphotypes based on compari-

sons between trees for each trait was weak and did not suggest bar-

riers to panmictic sexual reproduction, suggesting that differences

among morphotypes result mostly from genetic drift or selection of

non-neutral loci, responsible for morphological characteristics as in Col-

levatti et al. (2016). We nevertheless observed that the FST between

large plums and small plums was significantly higher than zero.
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4.4 | Fine-scale SGS

In natural plant populations, fine-scale SGS is the nonrandom spatial

distribution of genotypes, with individuals located closer to one

another generally having greater genetic relatedness. A decrease in

kinship with geographical distance often results from limited gene dis-

persal in the species, but local genetic drift and selection can also play

a role. Its strength is affected by plant breeding system, life form, and

population density (Vekemans & Hardy, 2004). It can also be altered

by human management, as was shown for tree species in sylvicultural

systems (González-Díaz et al., 2017; Rocha et al., 2020). In this study,

trees originated from spontaneous seedling establishment (rarely, a

few trees in the category “owners' own trees”) and predominantly from

anthropogenic seed dispersal. In rural sites, the shortest distance class

of our kinship analyses (Figure 5) was in general related to trees sam-

pled within the same field, whereas in peri-urban and urban areas, it

corresponded to trees from neighboring home gardens. In all areas,

fine-scale SGS could arise from owners or neighboring owners using

mostly seeds from close-by provenances, although it is more likely to

react to trees with family structure. SGS for short distance classes

was expectable in rural sites because it is where the proportion of

owners planting seeds from their own trees is the highest. It was

indeed observed in the Beti and Bassa rural sites but surprisingly not

in the Bamileke site, even though most seeds were sourced within the

village, like in the two other sites. However, a strong spatial structure

at the smallest distance class was observed for all ethnic groups in the

urban area. This was rather surprising, given that long-distance seed

flow is prevalent in urban sites. In a study on Ficus racemosa in Banga-

lore, India, a fine-scale SGS was also detected despite long-distance

pollen flow (Krishnan & Borges, 2018).

5 | CONCLUSION

Intraspecific variation for a given crop species is influenced by its seed

exchange network, which is seldom documented in perennial species.

In our study, we linked the seed exchanges of African plum trees, an

indigenous fruits tree whose seed supply system is mostly informal,

with its morphological and genetic diversity. Doing so along urbaniza-

tion gradients, we showed that the seed system from urban and peri-

urban sites was more diversified in terms of geographical origin of

seeds than that of rural sites, restricted to mostly intra-village flows.

We noted that villages of urban dwellers and their relatives accounted

for a large proportion of seeds sourced in Yaoundé urban sites. Genet-

ically, no structure was found for African plum trees from urban and

peri-urban areas, but rural sites presented their own genetic clusters.

We discussed the possible correlation between these two findings.

We also saw that sites with minimum/maximum genetic diversity

were not congruent with morphological patterns, also because

morphotypes were not genetically structured. Finally, we gained a

perspective on the fine-scale structure of trees in the different sites,

with positive and somewhat unexpected signals of isolation by dis-

tance. Overall, this study shows how urban areas are home to a high

African plum tree genetic and morphological diversity, with urban

sites attracting multiple pools of diversity and thus exhibiting a higher

level of diversity than that of rural areas.

AUTHOR CONTRIBUTIONS

Jérôme Duminil acquired funding and administrated the project.

Aurore Rimlinger, Jérôme Duminil, Marie-Louise Avana-Tientcheu,

and Stéphanie M. Carrière planned and designed the research. Aurore

Rimlinger conducted fieldwork. Aurore Rimlinger and Jérôme Duminil

analyzed data. Aurore Rimlinger drafted the manuscript. Jérôme

Duminil, Marie-Louise Avana-Tientcheu, and Stéphanie M. Carrière

reviewed and edited the manuscript.

ACKNOWLEDGMENTS

The authors thank the tree owners who generously participated in

this study, and the fifth arrondissement town hall in Yaoundé for

facilitating fieldwork. This project has been supported by Agropolis

Fondation under the reference ID 1605-042 through the «Investisse-

ments d'avenir» program (Labex Agro: ANR-10-LABX-0001-01),

under the frame of I-SITE MUSE (ANR-16-IDEX-0006). We acknowl-

edge the Agence Universitaire de la Francophonie (AUF) for funding

the data collection and the Gold Open Access Fund of the University

of Lausanne for support with open access fees.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

RESEARCH ETHICS

Before interviews, researchers explained the reason for the interview,

the aim of the research project, and how the data would (anony-

mously) be used; tree owners were informed of the research inten-

tions and of their right to participate or decline. They consented orally

to the interview, which was then conducted. If interviews were

completed, respondents were given a form stating that the interview

had been conducted in accordance with the principles of free and

informed consent, which they could sign if they agreed. The consent

form is available upon request.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are openly

available in OSF at https://osf.io/agwse/?view_only=

9bb478afdab24f74a4c746380f28b021.

ORCID

Aurore Rimlinger https://orcid.org/0000-0002-4297-1580

Jérôme Duminil https://orcid.org/0000-0002-2500-824X

Marie-Louise Avana-Tientcheu https://orcid.org/0000-0002-7264-

5559

Stéphanie M. Carrière https://orcid.org/0000-0001-5482-4353

REFERENCES

Aubréville, A. (1962). Flore du Gabon: Irvingiacées, Simaroubacées, Bursér-

acées. 3. Muséum National d’Histoire Naturelle.

RIMLINGER ET AL. 13

https://osf.io/agwse/?view_only=9bb478afdab24f74a4c746380f28b021
https://osf.io/agwse/?view_only=9bb478afdab24f74a4c746380f28b021
https://orcid.org/0000-0002-4297-1580
https://orcid.org/0000-0002-4297-1580
https://orcid.org/0000-0002-2500-824X
https://orcid.org/0000-0002-2500-824X
https://orcid.org/0000-0002-7264-5559
https://orcid.org/0000-0002-7264-5559
https://orcid.org/0000-0002-7264-5559
https://orcid.org/0000-0001-5482-4353
https://orcid.org/0000-0001-5482-4353


Aguirre-Dugua, X., Eguiarte, L. E., González-Rodríguez, A., & Casas, A.

(2012). Round and large: Morphological and genetic consequences of

artificial selection on the gourd tree Crescentia cujete by the Maya

of the Yucatan Peninsula, Mexico. Annals of Botany, 109(7), 1297–
1306. https://doi.org/10.1093/aob/mcs068

Ban, N., & Coomes, O. T. (2004). Home gardens in Amazonian Peru: Diver-

sity and exchange of planting material. Geographical Review, 94(3),

348–367. https://doi.org/10.1111/j.1931-0846.2004.tb00177.x
Barry, M. B., Pham, J. L., Béavogui, S., Ghesquière, A., & Ahmadi, N. (2008).

Diachronic (1979–2003) analysis of rice genetic diversity in Guinea

did not reveal genetic erosion. Genetic Resources and Crop Evolution,

55(5), 723–733. https://doi.org/10.1007/s10722-007-9280-z
Bialozyt, R., Ziegenhagen, B., & Petit, R. J. (2006). Contrasting effects of

long distance seed dispersal on genetic diversity during range expan-

sion. Journal of Evolutionary Biology, 19(1), 12–20. https://doi.org/10.
1111/j.1420-9101.2005.00995.x

Cabrera-Toledo, D., Vargas-Ponce, O., Ascencio-Ramírez, S.,

Valadez-Sandoval, L. M., Pérez-Alquicira, J., Morales-Saavedra, J., &

Huerta-Galván, O. F. (2020). Morphological and genetic variation in

monocultures, forestry systems and wild populations of Agave maxi-

miliana of Western Mexico: Implications for its conservation. Frontiers

in Plant Science, 11, 817. https://doi.org/10.3389/fpls.2020.00817

Cain, M. L., Milligan, B. G., & Strand, A. E. (2000). Long-distance seed dis-

persal in plant populations. American Journal of Botany, 87(9), 1217–
1227. https://doi.org/10.2307/2656714

Chybicki, I. J., & Burczyk, J. (2009). Simultaneous estimation of null alleles

and inbreeding coefficients. The Journal of Heredity, 100(1), 106–113.
https://doi.org/10.1093/jhered/esn088

Collevatti, R. G., Olivatti, A. M., Telles, M. P. C., & Chaves, L. J. (2016).

Gene flow among Hancornia speciosa (Apocynaceae) varieties and

hybrid fitness. Tree Genetics & Genomes, 12(4), 74. https://doi.org/10.

1007/s11295-016-1031-x

Coomes, O. T., McGuire, S. J., Garine, E., Caillon, S., McKey, D.,

Demeulenaere, E., … Wencélius, J. (2015). Farmer seed networks make

a limited contribution to agriculture? Four common misconceptions.

Food Policy, 56, 41–50. https://doi.org/10.1016/j.foodpol.2015.

07.008

Degrande, A., Tadjo, P., Takoutsing, B., Asaah, E., Tsobeng, A., &

Tchoundjeu, Z. (2013). Getting trees into farmers' fields: Success of

rural nurseries in distributing high quality planting material in

Cameroon. Small-Scale Forestry, 12(3), 403–420. https://doi.org/10.

1007/s11842-012-9220-4

Delêtre, M., McKey, D. B., & Hodkinson, T. R. (2011). Marriage exchanges,

seed exchanges, and the dynamics of manioc diversity. Proceedings of

the National Academy of Sciences of the United States of America,

108(45), 18249–18254. https://doi.org/10.1073/pnas.1106259108
Earl, D. A., & vonHoldt, B. M. (2012). STRUCTURE HARVESTER: A web-

site and program for visualizing STRUCTURE output and implementing

the Evanno method. Conservation Genetics Resources, 4(2), 359–361.
https://doi.org/10.1007/s12686-011-9548-7

Ellstrand, N. C. (2014). Is gene flow the most important evolutionary force

in plants? American Journal of Botany, 101(5), 737–753. https://doi.
org/10.3732/ajb.1400024

Eyzaguirre, P. (2005). Agricultural Biodiversity and How Human Culture is

Shaping It. In I. M. M. Cernea & A. H. Kassam (Eds.), Researching the

culture in agri-culture: Social research for international development (1re

éd. ed.) (pp. 264–284). CABI Publishing. https://doi.org/10.1079/

9780851990033.0000

Felix, M. L., & Meur, C. (2001). Peoples of Africa: Ethno-linguistic map.

Congo Basin Art History Research Center.

Fohouo, F.-N. T., Messi, J., & Pauly, A. (2001). Activité de Meliponula

erythra sur les fleurs de Dacryodes edulis et son impact sur la fructifica-

tion. Fruits, 56(3), 179–188. https://doi.org/10.1051/fruits:2001121
Franzel, S., Jaenicke, H., & Janssen, W. (Eds.). (1996). Choosing the right

trees: Setting priorities for multipurpose tree improvement. International

Service for National Agricultural Research. https://doi.org/10.22004/

ag.econ.310718

Fuentes, F. F., Bazile, D., Bhargava, A., & Martínez, E. A. (2012).

Implications of farmers' seed exchanges for on-farm conservation of

quinoa, as revealed by its genetic diversity in Chile. The Journal of

Agricultural Science, 150(6), 702–716. https://doi.org/10.1017/

S0021859612000056

Galluzzi, G., Eyzaguirre, P., & Negri, V. (2010). Home gardens: Neglected

hotspots of agro-biodiversity and cultural diversity. Biodiversity and

Conservation, 19(13), 3635–3654. https://doi.org/10.1007/s10531-

010-9919-5

Garine, E., Labeyrie, V., Violon, C., Wencélius, J., Leclerc, C., & Raimond, C.

(2018). Which scale to understand seed fluxes in small-scale farming soci-

eties? Snapshots of sorghum from Africa. In F. Girard & C. Frison (Eds.),

The commons, plant breeding and agricultural research. Challenges for food

security and agrobiodiversity. Routledge. https://hal.archives-ouvertes.fr/

hal-01807304. https://doi.org/10.4324/9781315110387-10

Gavin, M. C., Botero, C. A., Bowern, C., Colwell, R. K., Dunn, M., Dunn, R.

R., Gray, R. D., Kirby, K. R., McCarter, J., Powell, A., Rangel, T. F.,

Stepp, J. R., Trautwein, M., Verdolin, J. L., & Yanega, G. (2013). Toward

a mechanistic understanding of linguistic diversity. BioScience, 63,

524–535. https://doi.org/10.1525/bio.2013.63.7.6
Gepts, P. (2004). Crop domestication as a long-term selection experiment.

In J. Janick (Ed.), Plant Breeding Reviews (pp. 1–44). John Wiley & Sons,

Inc. https://doi.org/10.1002/9780470650288.ch1

G�omez, J. A. A., Bellon, M. R., & Smale, M. (1998). A regional analysis of

maize biological diversity in southeastern Guanajuato, Mexico. In CIM-

MYT economics working paper No 98-06 (p. 22). CIMMYT.

González-Díaz, P., Jump, A. S., Perry, A., Wachowiak, W., Lapshina, E., &

Cavers, S. (2017). Ecology and management history drive spatial

genetic structure in Scots pine. Forest Ecology and Management, 400,

68–76. https://doi.org/10.1016/j.foreco.2017.05.035
Gros‐Balthazard, M., Battesti, V., Flowers, J. M., Ferrand, S., Breil, M.,

Ivorra, S., Terral, J.‐F., Purugganan, M. D., Wing, R. A., Mohammed, N.,

& Bourgeois, Y. (2023). What lies behind a fruit crop variety name? A

case study of the barnī date palm from al‐‘Ulā oasis, Saudi

Arabia. Plants, People, Planet, 5, 82–97. https://doi.org/10.1002/ppp3.
10326

Gros‐Balthazard, M., Battesti, V., Ivorra, S., Paradis, L., Aberlenc, F.,

Zango, O., Zehdi‐Azouzi, S., Moussouni, S., Naqvi, S. A., Newton, C.,

& Terral, J. F. (2020). On the necessity of combining ethnobotany

and genetics to assess agrobiodiversity and its evolution in crops: A

case study on date palms (Phoenix dactylifera L.) in Siwa Oasis, Egypt.

Evolutionary Applications, 13, 1818–1840. https://doi.org/10.1111/
eva.12930

Hajjar, R., Jarvis, D. I., & Gemmill-Herren, B. (2008). The utility of crop

genetic diversity in maintaining ecosystem services. Agriculture, Ecosys-

tems & Environment, 123(4), 261–270. https://doi.org/10.1016/j.agee.
2007.08.003

Hamrick, J. L., Murawski, D. A., & Nason, J. D. (1993). The influence of

seed dispersal mechanisms on the genetic structure of tropical tree

populations. Vegetatio, 107(1), 281–297. https://doi.org/10.1007/

BF00052230

Hardy, O. J., & Vekemans, X. (2002). SPAGeDi: A versatile computer pro-

gram to analyse spatial genetic structure at the individual or popula-

tion levels. Molecular Ecology Notes, 2(4), 618–620. https://doi.org/10.
1046/j.1471-8286.2002.00305.x

Heath, S. K., Fogel, N. S., Mullilin, J. C., & Hull, T. (2020). An expanded

scope of biodiversity in urban agriculture, with implications for conser-

vation. In M. Egerer & H. Cohen (Eds.), Urban agroecology—
Interdisciplinary research and future directions (pp. 17–50). CRC Press.

https://doi.org/10.1201/9780429290992-1

Hijmans, R. J. (2019). Package ‘geosphere’ [R: A language and

environment for statistical computing]. R Foundation for Statistical

Computing.

14 RIMLINGER ET AL.

https://doi.org/10.1093/aob/mcs068
https://doi.org/10.1111/j.1931-0846.2004.tb00177.x
https://doi.org/10.1007/s10722-007-9280-z
https://doi.org/10.1111/j.1420-9101.2005.00995.x
https://doi.org/10.1111/j.1420-9101.2005.00995.x
https://doi.org/10.3389/fpls.2020.00817
https://doi.org/10.2307/2656714
https://doi.org/10.1093/jhered/esn088
https://doi.org/10.1007/s11295-016-1031-x
https://doi.org/10.1007/s11295-016-1031-x
https://doi.org/10.1016/j.foodpol.2015.07.008
https://doi.org/10.1016/j.foodpol.2015.07.008
https://doi.org/10.1007/s11842-012-9220-4
https://doi.org/10.1007/s11842-012-9220-4
https://doi.org/10.1073/pnas.1106259108
https://doi.org/10.1007/s12686-011-9548-7
https://doi.org/10.3732/ajb.1400024
https://doi.org/10.3732/ajb.1400024
https://doi.org/10.1079/9780851990033.0000
https://doi.org/10.1079/9780851990033.0000
https://doi.org/10.1051/fruits:2001121
https://doi.org/10.22004/ag.econ.310718
https://doi.org/10.22004/ag.econ.310718
https://doi.org/10.1017/S0021859612000056
https://doi.org/10.1017/S0021859612000056
https://doi.org/10.1007/s10531-010-9919-5
https://doi.org/10.1007/s10531-010-9919-5
https://hal.archives-ouvertes.fr/hal-01807304
https://hal.archives-ouvertes.fr/hal-01807304
https://doi.org/10.4324/9781315110387-10
https://doi.org/10.1525/bio.2013.63.7.6
https://doi.org/10.1002/9780470650288.ch1
https://doi.org/10.1016/j.foreco.2017.05.035
https://doi.org/10.1002/ppp3.10326
https://doi.org/10.1002/ppp3.10326
https://doi.org/10.1111/eva.12930
https://doi.org/10.1111/eva.12930
https://doi.org/10.1016/j.agee.2007.08.003
https://doi.org/10.1016/j.agee.2007.08.003
https://doi.org/10.1007/BF00052230
https://doi.org/10.1007/BF00052230
https://doi.org/10.1046/j.1471-8286.2002.00305.x
https://doi.org/10.1046/j.1471-8286.2002.00305.x
https://doi.org/10.1201/9780429290992-1


Jagoret, P., Kwesseu, J., Messie, C. A., Michel, I., & Malézieux, �E. (2014).

Valeurs d'usage des ligneux utilisés en agroforesterie: Les cacaoyères

du Centre-Cameroun. Bois et Forêts Des Tropiques, 321, 3. https://doi.

org/10.19182/bft2014.321.a31217

Jarvis, D. I., Brown, A. H. D., Cuong, P. H., Collado‐Panduro, L.,

Latournerie‐Moreno, L., Gyawali, S., Tanto, T., Sawadogo, M., Mar, I.,

Sadiki, M., Hue, N. T. N., Arias‐Reyes, L., Balma, D., Bajracharya, J.,

Castillo, F., Rijal, D., Belqadi, L., Rana, R., Saidi, S., … Hodgkin, T.

(2008). A global perspective of the richness and evenness of tradi-

tional crop‐variety diversity maintained by farming communities. Pro-

ceedings of the National Academy of Sciences, 105, 5326–5331.
https://doi.org/10.1073/pnas.0800607105

Jika, A. K. N., Dussert, Y., Raimond, C., Garine, E., Luxereau, A.,

Takvorian, N., Djermakoye, R. S., Adam, T., & Robert, T. (2017). Unex-

pected pattern of pearl millet genetic diversity among ethno-linguistic

groups in the Lake Chad Basin. Heredity, 118(5), 491–502. https://doi.
org/10.1038/hdy.2016.128

Kahane, R., Hodgkin, T., Jaenicke, H., Hoogendoorn, C., Hermann, M.,

Keatinge, J. D. H. (. D.)., d'Arros Hughes, J., Padulosi, S., & Looney, N.

(2013). Agrobiodiversity for food security, health and income. Agron-

omy for Sustainable Development, 33(4), 671–693. https://doi.org/10.
1007/s13593-013-0147-8

Kengue, J. (1990). Le safoutier (Dacryodes edulis) G. Don H.J. Lam: Premières

données sur la morphologie et la biologie. (Thèse doctorale en Biologie

Végétale). University of Yaoundé.

Kengue, J., Fohouo, F. N. T., & Adewusi, H. G. (2002). Towards the

improvement of safou (Dacryodes edulis): Population variation and

reproductive biology. Forests, Trees and Livelihoods, 12(1–2), 73–84.
https://doi.org/10.1080/14728028.2002.9752411

Krishnan, A., & Borges, R. M. (2018). A fig tree in a concrete jungle: Fine-

scale population genetic structure of the cluster fig Ficus racemosa in

an urban environment. Urban Ecosystem, 21(1), 171–181. https://doi.
org/10.1007/s11252-017-0707-9

Labeyrie, V., Renard, D., Aumeeruddy-Thomas, Y., Benyei, P., Caillon, S.,

Calvet-Mir, L., … Reyes-García, V. (2021). The role of crop diversity in

climate change adaptation: Insights from local observations to inform

decision making in agriculture. Current Opinion in Environmental Sus-

tainability, 51, 15–23. https://doi.org/10.1016/j.cosust.2021.01.006
Labeyrie, V., Thomas, M., Muthamia, Z. K., & Leclerc, C. (2016). Seed

exchange networks, ethnicity, and sorghum diversity. Proceedings of

the National Academy of Sciences of the United States of America,

113(1), 98–103. https://doi.org/10.1073/pnas.1513238112
Latournerie, L., Arias-Reyes, L., Tuxill, J., de la Cruz Yupit Moo, E.,

G�omez, M. L., & Ix Nahaut, J. G. (2005). Maize seed supply systems in

a Mayan community of México. In D. Jarvis, R. Sevilla-Panizo, J. L.

Chávez-Servia, & T. Hodgkin (Eds.), Seed systems and crop genetic diver-

sity on-farm. IPGRI.

Leakey, R. R. B., Atangana, A. R., Kengni, E., Waruhiu, A. N., Usoro, C.,

Anegbeh, P. O., & Tchoundjeu, Z. (2002). Domestication of Dacryodes

edulis in West and Central Africa: Characterisation of genetic variation.

Forests, Trees and Livelihoods, 12, 57–71. https://doi.org/10.1080/

14728028.2002.9752410

Leakey, R. R. B., & Simons, A. J. (1998). The domestication and commer-

cialization of indigenous trees in agroforestry for the alleviation of

poverty. Agroforestry Systems, 38, 165–176. https://doi.org/10.1023/
A:1005912729225

Lemoine, T., Rimlinger, A., Duminil, J., Leclerc, C., Labeyrie, V.,

Tsogo, M., & Carrière, S. M. (2023). Untangling biocultural and

socioeconomical drivers of African plum tree (Dacryodes edulis) local

nomenclature along a rural-urban gradient in Central Cameroon.

Human Ecology, 51, 721–736. https://doi.org/10.1007/s10745-023-
00427-8

Leclerc, C., & Coppens d’Eeckenbrugge, G. (2012). Social organization of

crop genetic diversity. The G × E × S interaction model. Diversity, 4, 1–
32. https://doi.org/10.3390/d4010001

Lieberman, D., Lieberman, M., Hartshorn, G., & Peralta, R. (1985). Growth

rates and age‐size relationships of tropical wet forest trees in Costa

Rica. Journal of Tropical Ecology, 1, 97–109. https://doi.org/10.1017/
S026646740000016X

Linares, O. F. (1996). Cultivating biological and cultural diversity: Urban

farming in Casamance, Senegal. Africa, 66(1), 104–121. https://doi.
org/10.2307/1161514

Loiselle, B. A., Sork, V. L., Nason, J., & Graham, C. (1995). Spatial Genetic

Structure of a Tropical Understory Shrub, Psychotria officinalis (Rubia-

ceae). American Journal of Botany, 82, 1420–1425. https://doi.org/10.
1002/j.1537-2197.1995.tb12679.x

Mainet, H. (2017). Town dwellers in their networks: Urban-rural mobility

and household strategies in Cameroon. Geografisk Tidsskrift-Danish

Journal of Geography, 117(2), 117–129. https://doi.org/10.1080/

00167223.2017.1354715

Mala, W. A. (2009). Knowledge systems and adaptive collaborative manage-

ment of natural resources in southern Cameroon: Decision analysis of

agrobiodiversity for forest-agriculture innovations (thesis, Stellenbosch:

University of Stellenbosch). University of Stellenbosch. https://scholar.

sun.ac.za:443/handle/10019.1/1290

Mariac, C., Luong, V., Kapran, I., Mamadou, A., Sagnard, F., Deu, M.,

Chantereau, J., Gerard, B., Ndjeunga, J., Bezançon, G., Pham, J.-L., &

Vigouroux, Y. (2006). Diversity of wild and cultivated pearl millet

accessions (Pennisetum glaucum [L.] R. Br.) in Niger assessed by micro-

satellite markers. Theoretical and Applied Genetics, 114(1), 49–58.
https://doi.org/10.1007/s00122-006-0409-9

Miller, A. J., & Schaal, B. A. (2006). Domestication and the distribution

of genetic variation in wild and cultivated populations of the

Mesoamerican fruit tree Spondias purpurea L. (Anacardiaceae). Molecu-

lar Ecology, 15(6), 1467–1480. https://doi.org/10.1111/j.1365-294X.
2006.02834.x

Moreira, P. A., Mariac, C., Zekraoui, L., Couderc, M., Rodrigues, D. P.,

Clement, C. R., & Vigouroux, Y. (2017). Human management and

hybridization shape treegourd fruits in the Brazilian Amazon Basin.

Evolutionary Applications, 10(6), 577–589. https://doi.org/10.1111/

eva.12474

Mboujda, F. M. M., Avana‐Tientcheu, M.‐L., Momo, S. T., Ntongme, A. M.,

Vaissayre, V., Azandi, L. N., Dussert, S., Womeni, H., Onana, J. M.,

Sonké, B., Tankou, C., & Duminil, J. (2022). Domestication Syndrome

in Dacryodes edulis (Burseraceae): Comparison of Morphological and

Biochemical Traits between Wild and Cultivated Populations. Plants,

11, 2496. https://doi.org/10.3390/plants11192496

Nazarea, V. D. (Ed.). (1999). A View from a Point: Ethnoecology as Situated

Knowledge. Ethnoecology: Situated Knowledge/Located Lives. The

University of Arizona Press.

Ngo Gweth, A., Mengue Mbom, A., & Simeu Kamdem, M. (2015). Bulletin

d'information toponymique (Bulletin d'information toponymique No 8).

Division francophone du Groupe d'Experts des Nations Unies pour les

Noms Géographiques.

Nguegang Asaa, P. (2008). L'agriculture urbaine et périurbaine à Yaoundé:

Analyse fonctionnelle d'une activité montante en économie de survie.

In Doctoral thesis in agronomy sciences and biological engineering.

Université Libre de. http://hdl.handle.net/2013/

Oksanen, J., Blanchet, F. G., Friendly, M., Kindt, R.,

Legendre, P., McGlinn, D., … Wagner, H. (2018). Vegan: Community

ecology package. R package version 2.5-2. https://CRAN.R-project.

org/package=vegan

Olayode, O. O., & Kolawole, F. S. (2013). Seed viability of Dacryodes edulis

(G. Don) H. J. Lam subjected to different lengths of storage. Journal of

Agriculture and Social Research (JASR), 13(2), 16–20. https://doi.org/
10.4314/jasr.v13i2

Olodo, K. F., Barnaud, A., Kane, N. A., Mariac, C., Faye, A.,

Couderc, M., Zekraouï, L., Dequincey, A., Diouf, D., Vigouroux, Y., &

Berthouly-Salazar, C. (2020). Abandonment of pearl millet cropping

and homogenization of its diversity over a 40 year period in Senegal.

RIMLINGER ET AL. 15

https://doi.org/10.19182/bft2014.321.a31217
https://doi.org/10.19182/bft2014.321.a31217
https://doi.org/10.1073/pnas.0800607105
https://doi.org/10.1038/hdy.2016.128
https://doi.org/10.1038/hdy.2016.128
https://doi.org/10.1007/s13593-013-0147-8
https://doi.org/10.1007/s13593-013-0147-8
https://doi.org/10.1080/14728028.2002.9752411
https://doi.org/10.1007/s11252-017-0707-9
https://doi.org/10.1007/s11252-017-0707-9
https://doi.org/10.1016/j.cosust.2021.01.006
https://doi.org/10.1073/pnas.1513238112
https://doi.org/10.1080/14728028.2002.9752410
https://doi.org/10.1080/14728028.2002.9752410
https://doi.org/10.1023/A:1005912729225
https://doi.org/10.1023/A:1005912729225
https://doi.org/10.1007/s10745-023-00427-8
https://doi.org/10.1007/s10745-023-00427-8
https://doi.org/10.3390/d4010001
https://doi.org/10.1017/S026646740000016X
https://doi.org/10.1017/S026646740000016X
https://doi.org/10.2307/1161514
https://doi.org/10.2307/1161514
https://doi.org/10.1002/j.1537-2197.1995.tb12679.x
https://doi.org/10.1002/j.1537-2197.1995.tb12679.x
https://doi.org/10.1080/00167223.2017.1354715
https://doi.org/10.1080/00167223.2017.1354715
https://scholar.sun.ac.za:443/handle/10019.1/1290
https://scholar.sun.ac.za:443/handle/10019.1/1290
https://doi.org/10.1007/s00122-006-0409-9
https://doi.org/10.1111/j.1365-294X.2006.02834.x
https://doi.org/10.1111/j.1365-294X.2006.02834.x
https://doi.org/10.1111/eva.12474
https://doi.org/10.1111/eva.12474
https://doi.org/10.3390/plants11192496
http://hdl.handle.net/2013/
https://CRAN.R-project.org/package=vegan
https://CRAN.R-project.org/package=vegan
https://doi.org/10.4314/jasr.v13i2
https://doi.org/10.4314/jasr.v13i2


PLoS ONE, 15(9), e0239123. https://doi.org/10.1371/journal.pone.

0239123

Orozco-Ramírez, Q., Ross-Ibarra, J., Santacruz-Varela, A., & Brush, S.

(2016). Maize diversity associated with social origin and environmental

variation in Southern Mexico. Heredity, 116(5), 477–484. https://doi.
org/10.1038/hdy.2016.10

Pautasso, M., Aistara, G., Barnaud, A., Caillon, S., Clouvel, P.,

Coomes, O. T., … Tramontini, S. (2013). Seed exchange networks for

agrobiodiversity conservation. A review. Agronomy for Sustainable

Development, 33(1), 151–175. https://doi.org/10.1007/s13593-012-
0089-6

Pollegioni, P., Lungo, S. D., Müller, R., Woeste, K. E., Chiocchini, F.,

Clark, J., Hemery, G. E., Mapelli, S., Villani, F., Malvolti, M. E., &

Mattioni, C. (2020). Biocultural diversity of common walnut (Juglans

regia L.) and sweet chestnut (Castanea sativa Mill.) across Eurasia. Ecol-

ogy and Evolution, 10(20), 11192–11216. https://doi.org/10.1002/

ece3.6761

Pritchard, J. K., Stephens, M., & Donnelly, P. (2000). Inference of popula-

tion structure using multilocus genotype data. Genetics, 155(2), 945–
959. https://doi.org/10.1093/genetics/155.2.945

Rangan, H., Bell, K. L., Baum, D. A., Fowler, R., McConvell, P., Saunders, T.,

Spronck, S., Kull, C. A., & Murphy, D. J. (2015). New genetic and lin-

guistic analyses show ancient human influence on baobab evolution

and distribution in Australia. PLoS ONE, 10(4), e0119758. https://doi.

org/10.1371/journal.pone.0119758

Renard, D., & Tilman, D. (2019). National food production stabilized by

crop diversity. Nature, 571(7764), 257–260. https://doi.org/10.1038/
s41586-019-1316-y

Rimlinger, A., Avana, M.-L., Awono, A., Chakocha, A., Gakwavu, A.,

Lemoine, T., Marie, L., Mboujda, F., Vigouroux, Y., Johnson, V.,

Vinceti, B., Carrière, S. M., & Duminil, J. (2021). Trees and their seed

networks: The social dynamics of urban fruit trees and implications for

genetic diversity. PLoS ONE, 16(3), e0243017. https://doi.org/10.

1371/journal.pone.0243017

Rimlinger, A., Duminil, J., Lemoine, T., Avana, M.-L., Chakocha, A.,

Gakwavu, A., Mboujda, F., Tsogo, M., Elias, M., & Carrière, S. M.

(2021). Shifting perceptions, preferences and practices in the African

fruit trade: The case of African plum (Dacryodes edulis) in different cul-

tural and urbanization contexts in Cameroon. Journal of Ethnobiology

and Ethnomedicine, 17(1), 65. https://doi.org/10.1186/s13002-021-

00488-3

Rimlinger, A., Marie, L., Avana, M.-L., Bouka, G. U. D.,

Zekraoui, L., Mariac, C., Carrière, S. M., & Duminil, J. (2020).

New microsatellite markers for Dacryodes edulis (Burseraceae), an

indigenous fruit tree species from Central Africa. Molecular Biology

Reports, 47(3), 2391–2396. https://doi.org/10.1007/s11033-020-

05270-4

Rocha, L. F., de Paula, N. R., & De Carvalho, D. (2020). Fine-scale analysis

reveals a potential influence of forest management on the spatial

genetic structure of Eremanthus erythropappus. Journal of Forestry

Research, 32, 1567–1578. https://doi.org/10.1007/s11676-020-

01204-9

Rollo, A., Ribeiro, M. M., Costa, R. L., Santos, C., Clavo, P. Z. M.,

Kalousová, M., Vebrová, H., Chuqulin, E., Torres, S. G.,

Aguilar, R. M. V., Hlavsa, T., & Lojka, B. (2020). Genetic structure and

pod morphology of Inga edulis cultivated vs wild populations from the

Peruvian Amazon. Forests, 11(6), 655. https://doi.org/10.3390/

f11060655

Schreckenberg, K., Degrande, A., Mbosso, C., Baboule, Z. B., Boyd, C.,

Enyong, L., Kanmegne, J., & Ngong, C. (2002). The social and economic

importance of Dacryodes edulis (G. Don) H.J lam in southern

Cameroon. Forests, Trees and Livelihoods, 12(1–2), 15–40. https://doi.
org/10.1080/14728028.2002.9752408

Simons, A. J., & Leakey, R. R. B. (2004). Tree domestication in tropical

agroforestry. Agroforestry Systems, 61(1), 167–181. https://doi.org/10.
1023/B:AGFO.0000028997.74147.f9

Smale, M., Bellon, M. R., & Aguirre G�omez, J. A. (2001). Maize diversity,

variety attributes, and farmers' choices in southeastern Guanajuato,

Mexico. Economic Development and Cultural Change, 50(1), 201–225.
https://doi.org/10.1086/340010

Tabuna, H., & Tanoe, M. (2009). Facteurs explicatifs et développement de

la consommation actuelle du safou (Dacryodes edulis) au Cameroun

(p. 63). Yaoundé: World Agroforestry Centre (ICRAF). http://www.

erudit.org/revue/rseau/2003/v16/n3/705511ar.html

Tchoundjeu, Z., Kengue, J., & Leakey, R. R. B. (2002). Domestication

of Dacryodes edulis: State-of-the-Art. Forests, Trees and Livelihoods,

12(1–2), 3–13. https://doi.org/10.1080/14728028.2002.9752407
Temple, L. (2001). Quantification des productions et des échanges de

fruits et légumes au Cameroun. Cahiers Agricultures, 10(2), 87–94.
Temple, L., & Moustier, P. (2004). Les fonctions et contraintes de l'agricul-

ture périurbaine de quelques villes africaines (Yaoundé, Cotonou,

Dakar). Cahiers Agricultures, 13, 15–22.
Togolo, J. P. (2019). Yaoundé après l'indépendance: Les changements

migratoires dans le processus d'urbanisation d'une ville-capitale 1960–
2010 (Thesis). : Stellenbosch University.

Vekemans, X., & Hardy, O. J. (2004). New insights from fine-scale spatial

genetic structure analyses in plant populations. Molecular Ecology,

13(4), 921–935. https://doi.org/10.1046/j.1365-294x.2004.02076.x
Vivien, J., & Faure, J.‐J. (1985). Arbres des forêts denses d’Afrique centrale.

Ministère des relations extérieures, coopération et développement,

Agence de coopération culturelle et technique.

Wehenkel, C., & Sáenz‐Romero, C. (2012). Estimating genetic erosion

using the example of Picea chihuahuana Martínez. Tree Genetics &

Genomes, 8, 1085–1094. https://doi.org/10.1007/s11295-012-

0488-5

Witherup, C., Zuberi, M. I., Hossain, S., & Zerega, N. J. C. (2019). Genetic

diversity of Bangladeshi jackfruit (Artocarpus heterophyllus) over time

and across seedling sources. Economic Botany, 73(2), 233–248.
https://doi.org/10.1007/s12231-019-09452-5

Zimmerer, K. S., & de Haan, S. (2017). Agrobiodiversity and a sustainable

food future. Nature Plants, 3(4),17047. https://doi.org/10.1038/

nplants.2017.47

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Rimlinger, A., Duminil, J.,

Avana-Tientcheu, M.-L., & Carrière, S. M. (2023). Can seed

exchange networks explain the morphological and genetic

diversity in perennial crop species? The case of the tropical

fruit tree Dacryodes edulis in rural and urban Cameroon. Plants,

People, Planet, 1–16. https://doi.org/10.1002/ppp3.10455

16 RIMLINGER ET AL.

https://doi.org/10.1371/journal.pone.0239123
https://doi.org/10.1371/journal.pone.0239123
https://doi.org/10.1038/hdy.2016.10
https://doi.org/10.1038/hdy.2016.10
https://doi.org/10.1007/s13593-012-0089-6
https://doi.org/10.1007/s13593-012-0089-6
https://doi.org/10.1002/ece3.6761
https://doi.org/10.1002/ece3.6761
https://doi.org/10.1093/genetics/155.2.945
https://doi.org/10.1371/journal.pone.0119758
https://doi.org/10.1371/journal.pone.0119758
https://doi.org/10.1038/s41586-019-1316-y
https://doi.org/10.1038/s41586-019-1316-y
https://doi.org/10.1371/journal.pone.0243017
https://doi.org/10.1371/journal.pone.0243017
https://doi.org/10.1186/s13002-021-00488-3
https://doi.org/10.1186/s13002-021-00488-3
https://doi.org/10.1007/s11033-020-05270-4
https://doi.org/10.1007/s11033-020-05270-4
https://doi.org/10.1007/s11676-020-01204-9
https://doi.org/10.1007/s11676-020-01204-9
https://doi.org/10.3390/f11060655
https://doi.org/10.3390/f11060655
https://doi.org/10.1080/14728028.2002.9752408
https://doi.org/10.1080/14728028.2002.9752408
https://doi.org/10.1023/B:AGFO.0000028997.74147.f9
https://doi.org/10.1023/B:AGFO.0000028997.74147.f9
https://doi.org/10.1086/340010
http://www.erudit.org/revue/rseau/2003/v16/n3/705511ar.html
http://www.erudit.org/revue/rseau/2003/v16/n3/705511ar.html
https://doi.org/10.1080/14728028.2002.9752407
https://doi.org/10.1046/j.1365-294x.2004.02076.x
https://doi.org/10.1007/s11295-012-0488-5
https://doi.org/10.1007/s11295-012-0488-5
https://doi.org/10.1007/s12231-019-09452-5
https://doi.org/10.1038/nplants.2017.47
https://doi.org/10.1038/nplants.2017.47
https://doi.org/10.1002/ppp3.10455

	Can seed exchange networks explain the morphological and genetic diversity in perennial crop species? The case of the tropi...
	1  INTRODUCTION
	2  METHODS
	2.1  Study sites and sample collection
	2.2  Propagation practices: seed origin and characteristics
	2.3  Characterization of fruit morphotypes and tree age classes
	2.4  DNA extraction and genotyping

	3  RESULTS
	3.1  Seed origin according to sites
	3.2  Morphological diversity between sites
	3.3  Distribution of genetic diversity relative to fruit traits
	3.4  Genetic diversity between gradients
	3.5  Patterns of population differentiation between sites
	3.6  Distribution of genetic diversity within sites
	3.7  Temporal evolution of genetic diversity

	4  DISCUSSION
	4.1  Seed sources
	4.2  Genetic diversity and its distribution following seed exchange networks
	4.3  Bridging morphological and genetic diversity
	4.4  Fine-scale SGS

	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	RESEARCH ETHICS
	DATA AVAILABILITY STATEMENT

	REFERENCES




