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Abstract Home gardens have received increasing attention and have been insistently

presented as hotspots for agro-biodiversity over the last decades. However, apart from their

exceptional high plant species diversity, there is little quantitative evidence of the effec-

tiveness of plant species conservation in home gardens. This study examined this issue by

assessing (i) the size and membership of garden flora and the contribution to the main-

tenance of the national flora, (ii) how home garden flora connects to the larger ecosystem it

belongs to and (iii) the conservation status of plant species at the home garden level. 360

home gardens distributed in three agro-ecological zones and nine phyto-geographical

districts in Benin were visited and inventoried. Diversity parameters at different taxonomic

levels were calculated. Species accumulation and spatial occupancy, multivariate methods

and rarity index were also used for data analysis. Findings showed that the 360 studied

home gardens hosted up to 14.21% of plant species and 44.32% of plant families of the

national flora. Home garden flora was constantly dominated by exotic plant species but

strongly connected to their surrounding ecosystems, being composed of at least 60% of

plant species from their phyto-geographical districts. Finally, home garden plant species

were mostly rare and threatened at the home garden level. In this study, we acknowledge
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the contribution of home gardens to the maintenance of plant species diversity at regional

and global levels than local level. Based on the observed prevalence of exotic species, HG

effectiveness in sustainably conserving native plant species biodiversity remains

questionable.

Keywords Agro-biodiversity � Flora � Native species � Exotic species � Conservation �
Benin

Introduction

Biodiversity loss is a major driver of ecosystem change (Hooper et al. 2012) and an issue of

high concern in conservation sciences. All around the world, human-influenced ecosystems

are experiencing an acceleration at a rate that crops and wild plant species are diminishing

(Cardinale et al. 2012), mainly due to human alteration of ecosystems (Baillie et al. 2004;

Green et al. 2005). Over the last twenty years, considerable attempts were made towards

understanding how biodiversity loss affects ecosystem services provision and human well-

being (Dı́az et al. 2006; Cardinale et al. 2012). Until now, an innovative and sustainable

approach to biological resource conservation remains a challenge, as pointed out in the top

hundred unanswered questions of importance in agriculture (Pretty et al. 2010) and con-

servation (Sutherland et al. 2009). In line with the pressing need for biodiversity conser-

vation, among others, the on-farm conservation approach has received important attention

(Dawson et al. 2013). Thus, agroforestry systems and particularly home gardens (HGs) are

receiving increasing attention. Home gardens (HGs) are traditional farming systems,

presumably the oldest land use system (Pushpakumara et al. 2012) in the world. These

cultivation systems are generally adjacent to homesteads or slightly further away but easily

accessible (Sunwar et al. 2006). In spite of being human influenced and controlled

ecosystems, HGs have been abundantly reported to have prospective added value for agro-

biodiversity conservation (Watson and Eyzaguirre 2002; Sunwar et al. 2006; Galluzzi et al.

2010; Calvet-Mir et al. 2012a, b; Amberber et al. 2014; Salako et al. 2014; Heraty and

Ellstrand 2016; Junqueira et al. 2016). Agro-biodiversity refers to the subset of natural

biodiversity which includes the plant genetic resources used for food and agriculture

(Negri 2005) as well as wild edible and non-edible plant that are maintained in home

gardens for different purposes.

Yet, apart from their exceptional high plant species diversity, there is little quantitative

evidence on the capacity of HGs to sustainably conserve this biodiversity, especially the

local plant diversity. This issue has led to daunting questions: Could HGs provide long-

term biodiversity conservation services in addition to other ecosystem services? Do HGs

represent a viable conservation alternative to other forms of agroforestry?

In Benin, home gardening is a common cultivation activity in addition to twelve other

farming systems (Igue et al. 2000). Home gardening is encountered in both rural and urban

regions and contributes to household food systems (Gerard Grubben et al. 2014; Perrin

et al. 2015) and traditional home care (Quiroz et al. 2014) among other functions. They

have, for a long time, been neglected by researchers but have received increasing attention

these last five years. We now know more about their spatial configuration, ownership,

structure, plant diversity, functions and associated traditional knowledge (Idohou et al.

2014; Salako et al. 2014; Gbedomon et al. 2015). Salako et al. (2014) showed the con-

servation benefits of HGs in Benin stressing their high agro-biodiversity including

3308 Biodivers Conserv (2017) 26:3307–3327

123



important crop wild relatives and red-listed species. However, the quality of the conser-

vation benefits is still questionable, and important questions still need to be elucidated:

1. The Benin flora is about 2807 plant species (Akoègninou et al. 2006; Neuenschwander

et al. 2011). Therefore, the pool of species available to gardeners is large. So, what

proportion of this flora is maintained in HGs? How do native and exotic plant species

contribute to HG flora?

2. HGs as ecosystems are part of a larger ecosystem e.g. phyto-geographical districts

(PDs); and agro-ecological zones (AEZs). Thus, how does the flora of HGs connect to

the flora of the PDs they belong to?

3. The main added value of HGs for biodiversity conservation is related to their capacity

to represent agro-biodiversity at multiple levels over small spaces (Hodgkin et al.

2002). Thus, how widespread might individual plant species be? Finally, HGs were

reported to be hotspots for agro-biodiversity (Salako et al. 2014). Thus, what is the

plant species conservation status at the HG level? What is the situation of plant species

already threatened and red listed by IUCN and Benin? What are the priority sites for

active conservation actions?

Materials and methods

Study area

The study was carried out in Benin (Fig. 1). The rainfall distribution in Benin shows two

types of climate with a region of transition. In the southern part (humid and sub humid

zones), the climate is tropical humid with two rainfall maxima corresponding to two rainy

seasons: March–July and September–November. In the Northern part (semi-arid), the

climate is Sudanian with one rainy season covering May to October and a long dry season

covering November to May (Adomou 2005; Neuenschwander et al. 2011).

The native vegetation is composed of fallows and small forest patches of less than 5 ha

in the humid zone (Sinsin et al. 2004). The sub-humid zone consists of mosaics of

woodlands, whereas the semi-arid zone is dominated by savannas and gallery forests with

trees and shrubs slightly covering the ground (Sinsin et al. 2004). Based on a meso-scale

analysis of these vegetation patterns, Benin has been divided into 10 PDs (Fig. 1), which

also differ with regard to floristic composition, climatic conditions and soil types (Adomou

2005). The humid zone comprises 4 PDs: a costal PD; the PD of Pobe; the Oueme Valley

PD and the plateau. The sub humid zone includes 3 PDs: the PD of Bassila; the Zou PD

and the Southern Borgou PD. The semi-arid zone is composed of 3 PDS: the Northern

Borgou, the Atacora Chain PD and the Mekrou–Pendjari PD (Table 1).

The resident population of Benin is of about 9,983,884 inhabitants and slightly female-

biased (51.2%) (INSAE 2013). The economy is based mostly on agriculture (INSAE

2013). In order to fulfil their daily needs, people in both rural and urban areas usually

maintain and cultivate the relatively small space surrounding their houses. These systems

of production, called ‘‘home gardens’’, are traditional farming systems in addition to

approximately twelve other farming systems known in Benin (Igue et al. 2000). Even if

ethnic groups are specific to agro-ecological regions, population and especially some

ethnic groups used to migrate across the regions for many purposes including for agri-

culture. These ethnic migrations contribute to the propagation and persistence of some

plant species (Assogbadjo et al. 2012).
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Fig. 1 Agro-ecological zones, phyto-geographical districts and administrative districts of investigation for
a study of 360 home gardens in Benin
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Concept clarification

Some concepts have been used in this paper including agro-biodiversity and the different

status of its constituent plant species. Agro-biodiversity includes diversity of crops species

(Improved cultivars and landraces), crop wild relatives and wild plants. Apart from tax-

onomic patterns (family, genus and species), agro-biodiversity of gardens could be char-

acterised through different status of the constituent plant species: Cultivated plant species

versus wild plant species; native plant species versus exotic plant species; In-PD plant

species versus Out-PD plant species (Table 2).

Sampling and data collection

The data used in this study are compiled from a larger data set collected in the framework

of an ongoing research project on HGs in Benin (Idohou et al. 2014; Salako et al. 2014;

Gbedomon et al. 2015). The overall methodology developed for sampling and data col-

lection included a participative diagnosis, field observations (walking and visits of gar-

dens), gardens inventories as well as individual and group interviews. The sampling design

included both probabilistic and non-probabilistic approaches. First, a rapid rural appraisal

was carried out in all three AEZs by a multidisciplinary team (agronomists, socio-econ-

omists and ecologists), along with agricultural extension services and local farmers’

organizations to identify PDs of interest with regards to home gardening. The main

question during the interview was: where are important areas of home gardening in your

region? An exploratory survey was conducted on 100 randomly selected informants in

each AEZ to determine a proportion p of household with home gardens and consequently

the sample size (n) in each AEZ zone. The estimation of n was done using the Normal

approximation of the binomial distribution (Dagnelie 1998).

Table 1 Characteristics of the three agro-ecological zones of Benin

Parameters Semi-arid zone Sub-humid zone Humid zone Sources

Location 9�450–12�250N 7�300–9�450N 6�250–7�300N Sinsin et al. (2004)

Rainfall (mm) \1000 900–1110 1200 Judex et al. (2009)

Climate type Dry tropical Humid tropical Humid tropical Judex et al. (2009)

Density of
populationa

33–49 51–162 191–8593 INSAE (2013)

Days in growing
season

90–100 180–270 270–365 Jahnke and Jahnke
(1982)

Phytodistricts
(Nb of total
species; Nb of
crop species)

Atacora Chain
(350; 22)

Mekrou-Pendjari
(244; 24)

Northern Borgou
(320; 25)

Southern Borgou
(340; 27)

Bassila (450; 26)
Zou (350; 23)

Pobe (300; 12)
Oueme Valley
(220; 24)

Plateau (400; 25)
Coast (250; 16)

Adomou (2005),
Neuenschwander et al.
(2011), MAEP (2011)

Nb number
a Inhabitants km-2
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n ¼
U2

1�a=2 � pð1� pÞ
d2

ð1Þ

In Eq. (1), U1-a/2
2 is the value of the Normal random variable at a probability value of

1 - a/2. For a = 0.05, U1-a/2
2 = 3.84; d is the margin error of the estimation of any

parameter value computed from the survey, assumed to be 8% (Idohou et al. 2014;

Gbedomon et al. 2015); estimated values of p were 20, 31 and 34% for the humid, the sub-

humid and the semi-arid zone, respectively. Based on the extent of PDs as well as the

importance of home gardening (assessed during the interview with local agricultural

extension services and local farmers’ organizations), the estimated value of n for a given

AEZ was partitioned among PDs of that AEZ (Table 3).

At PD level, 3–7 villages (for a total of 44 villages) selected as of high importance for

home gardening were visited. To capture most of the variation, snowball technique

(Goodman 1961) was coupled with HGs visits for the selection of households practicing

home gardening. 3–5 key informants (head of household with HG) were recruited and

joined the team. With their assistance the research team walked around the village and

visited HGs. For each visited HG, we recorded the geographical coordinates using GPS

Garmin 60, the name of the head of the household associated to the garden and took

pictures. A list of HGs visited was established and each HG was assigned a number.

Random table was used to select from the established list households that will participate in

the study.

Table 2 Definition of the status of the constituent plant species of agro-biodiversity

Status of plant
diversity

Definition

Exotic plant
species

Exotic plant species are defined as species not indigenous to a given region; these
species have been introduced by human activities, purposely or not (Prévot-Julliard
et al. 2011). In this paper they are plant species introduced in Benin,
cultivated/planted or present in natural vegetation

Native plant
species

Native plant species are defined as species that have been observed in the form of a
naturally occurring and self-sustaining population in historical times (Ausems
1980). In this paper, they are plant indigenous to Benin, cultivated/planted or present
in natural vegetation

Cultivated plant
species

Cultivated plant species are plant species (crops species, crops wild relatives,
agroforestry species) intentionally cultivate or maintained for different purposes.
Cultivated plant species includes both native and exotic plant species

Wild plant species Wild plant species are non-cultivated plant species present in natural vegetation. They
include both native but also exotic species which successfully established in natural
vegetation

In-PD plant
species

In this paper ‘‘In-PD plant species’’ are plant species identified as essentially found
(either cultivated or wild) in a given PD, using the distribution of plant species in
Benin (Adomou 2005)

Out-PD plant
species

In this paper ‘‘Out-PD plant species’’ are plant species which are identified to not be
neither cultivated nor present in natural vegetation in a given PD, using the
distribution of plant species in Benin (Adomou 2005)

Total plant species Total plant species of a garden are all plant species regardless of its status (exotic or
native status, wild or cultivated, In-PD or Out-PD)
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Data were collected between May 2014 and April 2015, and included garden inven-

tories as well as individual interviews with the assistance of local translators. HGs were

visited during both rainy and dry seasons to capture most of the variation in species

composition. For each garden, an exhaustive inventory of plant species was carried out

with the assistance of HG owner. Weeds were not inventoried. Inventoried plants were

identified at the species level and named following the botanical nomenclature of Lebrun

and Stork (1991). Vouchers of plants that could not be clearly identified on the fields were

collected and preserved for final identification by botanists of Benin’s national herbarium.

Native or exotic status of identified plant species were obtained using the analytical flora of

Benin (Akoègninou et al. 2006), the online database on species distribution (http://www.

catalogueoflife.org/) and with the assistance of the national herbarium of Benin.

Data analysis

Species richness and composition of the garden flora

All statistical analyses were performed in R software (R Core Team 2016). Descriptive

statistics were used to describe occurrence of botanical families, native versus exotic

species, cultivated versus wild species per PD and for the whole country. Proportion of

native and exotic species were calculated per HG and compared between PDs using a

generalized linear model (GLM) with beta distribution in the package ‘‘betareg’’ (Cribari-

Neto and Zeileis 2009).

Size of HGs flora referred to species richness and completeness of the sampling. Species

accumulation curves were thus established using 100 random permutations with the first

order jackknife method in package ‘‘vegan’’ function specaccum, (Oksanen et al. 2016).

The first order jackknife method is a non-parametric estimation which was shown to yield

less biased estimation (Palmer 1990). This analysis was performed for the whole country

and per PD, distinguishing native and exotic species.

Pearson correlation was used to test the link between the total plant species richness and

the number of exotic plant species in HGs.

Table 3 Distribution of the study sample size according to agro-ecological zones and phyto-geographical
districts of Benin

Agro-ecological zones Phyto-geographical districts Nb of sampled size

Humid (n = 96) Plateau (PL) 36

Oueme Valley (OV) 40

Pobe (PO) 20

Sub-humid (n = 129) Southern Borgou (SB) 37

Bassila (BA) 52

Zou (ZO) 40

Semi-arid (n = 135) Atacora Chain (AC) 50

Mekrou-Pendjari (MP) 35

Northern Borgou (NB) 50

Total Whole Benin (WB) 360

n number of HGs sampled
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Home gardens flora, connection to and maintenance of local flora

In the context of this study, local flora referred to natural vegetation of each PD and was

obtained from Adomou (2005) and from the ministry of agriculture of Benin (for cultivated

species). Proportion of In-PD plant species within HG flora was calculated to assess to

what extent HGs maintain the local flora and to what extent the local flora was influenced

by flora from other PDs (out-PD). This data was submitted to a GLM with beta distribution

to compare PDs. To assess similarity of floristic composition amongst PDs, a matrix

describing for each PD, the percentage of HGs of that PD containing each species was

established and submitted to a non-metric multidimensional scaling (NMDS), (Kruskal

1964; Salako et al. 2013). The NMDS was based on Jaccard dissimilarity index in package

‘‘vegan’’ (Oksanen et al. 2016). Additionally, a pairwise Pearson correlation was used to

assess the magnitude of the similarity between PDs. Finally, Pearson correlation was used

to test whether the level of influence by the flora from another PD was dependent on the

distance to that PD.

Garden occupancy and conservation status of HGs plant species

Garden occupancy was used to assess the overall distribution of individual plant species.

The garden occupancy of individual plant species was calculated by dividing the total

number n of gardens where the species was found by the total number of gardens visited

and expressed as %. The garden occupancy of each species was calculated for the whole

Benin but also for each PD to capture to capture any variation that may occur. Garden

occupancy was categorized as garden occupancy\ 1%, 1%\ garden occupancy\ 5%,

5%\ garden occupancy\ 10%, 10%\ garden occupancy\ 25%, 25%\ garden occu-

pancy\ 50%, 50%\ garden occupancy\ 75% and garden occupancy[ 75%. Pearson

Chi square test was used to test independence between occupancy and the type of species

(native versus exotic) at country and PD levels. The number of singleton species (species

found in only one garden), and doubleton species (species found in only two gardens from

one or two PDs) were also determined.

Conservation status of HG plant species was assessed using on the one hand, a rarity

index and on the other hand, the IUCN and Benin red lists of threatened species. Rarity

index was deduced from garden occupancy at country level as 100—garden occupancy.

Different thresholds of rarity index were used in the past to determine whether plant

species are frequently found or rare, depending on the specificity of the studied flora

(Ferrari et al. 2000). In this study, due to the high dynamic of HGs flora composition and

based on garden occupancy, only plant species with rarity index[90%—occurring in less

than 10% of garden—were considered as rare. Therefore plant species with rarity index

\90% were assumed to be frequently found and thus not of priority for conservation

actions.

Next, the geographic distribution of the rare plant species was assessed and a conser-

vation status was assigned to plant species within HGs using IUCN criterion ‘‘b’’ (Nature

et al. 2001) defined by the extent of the area of occurrence, population size, and population

fragmentation. The criterion involves the number of locations (NL)—here number of

PDs—in which individual plant species occurs. In this study, the plant species was con-

sidered as critically endangered (CR) when NL = 1, EN (endangered) when 2 B NL B 3,

VU (vulnerable) when 4 B NL B 6, and LC when NL C 7.
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Finally, when available, the official conservation status of the rare plant species outside

HGs was collected from IUCN Database version 2016-1 (IUCN 2016) and from the red list

of species in Benin (Neuenschwander et al. 2011) for comparison purposes.

Results

Species richness and composition of the garden flora

3848 specimens were recorded, 323 plant species identified corresponding to 226 genera

and 81 families. The most present families were Fabaceae (42 species and 31 genera),

Euphorbiaceae (22 species and 11 genera) and Malvaceae (21 species and 12 genera). Half

of the families’ richness (41) were made up of only one species (Fig. 1a, b in Supple-

mentary material). Out of the 323 plant species, 185 (57.27%) were wild plant species

while 138 (42.73%) were crops and planted species. 153 (47.37%) plant species were

native, whereas 170 (52.63%) were exotic. Out of the 153 native plant species recorded, 37

(24.03%) were crops and planted species and 117 (75.97%) were wild plant species.

Regarding the 170 exotic plant species, 101 (59.76%) were crops and planted species

whereas 68 (40.24%) were wild plant species. Native and exotic plant species belonged

approximately to the same number of families: 57 for native species and 56 for exotic

species. The top ten families of exotic plants had on average (mean ± standard error) more

species (9.9 ± 2.33) than those of native species (7.9 ± 1.32), though not significant

(GLM with negative binomial error, z-value = -0.935, p value = 0.350). The top ten

families of native species had 4–17 plant species, whereas those of exotic species contained

5–30 species (Table 4).

Although HG flora was nationally dominated by exotic plant species, the trend varied

among PDs (GLM with beta distribution, z-value = 19.42, p-value \0.001, pseudo-

R2 = 0.52). At PD level, there was a significant difference between the proportions of

exotic and native plant species (p-value\0.05). The proportion of exotic species was in

average greater than 60% (60 ± 11.35 to 69.78 ± 7.44) in Northern Borgou, Plateau,

Table 4 The top ten native and exotic plant families in 360 HGs in Benin

Family of native
species

No. of
species

% of
flora*

Family of exotic
species

No. of
species

% of
flora

Euphorbiaceae 17 5.26 Fabaceae 30 9.29

Fabaceae 12 3.72 Solanaceae 12 3.72

Malvaceae 11 3.41 Malvaceae 10 3.10

Moraceae 8 2.48 Asteraceae 9 2.79

Lamiaceae 7 2.17 Euphorbiaceae 8 2.48

Araceae 5 1.55 Rutaceae 7 2.17

Arecaceae 5 1.55 Amaranthaceae 6 1.86

Poaceae 5 1.55 Apocynaceae 6 1.86

Vitaceae 5 1.55 Cucurbitaceae 6 1.86

Apocynanceae 4 1.24 Acanthaceae 5 1.55

* The percentage contributed by each family to the entire garden flora was calculated from the 323 species
for which the family was known
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Pobe, Southern Borgou and Zou, and it was lower but greater than 50% (53.25 ± 12.18 to

55.41 ± 12.90) in the other PDs (Fig. 2).

Furthermore, there was a positive and significant correlation (r = 0.92, p-value\0.001)

between HG total plant species richness and exotic plant species richness, indicating that

the higher the species richness, the higher the number of exotic species.

When analysing the species richness of HG flora, the species accumulation curves

(Fig. 2 in Supplementary material) did not reach the asymptote neither for the whole

country at the 360 gardens nor for any of the PDs at the subsample size—number of

gardens visited for that PD. The estimated asymptotic species richness (Table 5) for the
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whole country was 398.79 ± 11.81 (Table 5), suggesting a gap of *75 plant species not

yet recorded. The lowest gap was obtained for Plateau PD while the highest gap was

obtained for Bassila PD (Table 5).

For the whole country and each PD, the species turnover was greater for exotic plants.

The overall predicted plant species richness was 206.90 ± 6.98 for exotic plant species and

about 191 ± 8.17 for native plant species.

Table 5 Observed and predicted species richness (using non-parametric methods of the first order
jackknife)

PD n Observed

Whole Native Exotic

S m cv S m cv S m cv

AC 50 112 15.0 28.1 48 6.8b 28.3 64 8.2a 44.5

BA 52 166 19.8 46.3 82 8.9b 47.8 84 10.9a 60.7

MP 36 107 11.9 26.2 46 5.0b 34.8 61 6.8a 33.8

NB 49 94 10.9 56.3 33 4.4b 67.4 61 6.5a 56.9

OV 40 87 9.8 43.0 31 4.2b 40.4 56 5.6a 55.3

PL 36 87 11.2 55.5 33 4.0b 49.4 54 7.2a 64.7

PO 20 79 16.1 29.7 27 6.0b 40.5 52 10.1a 32.1

SB 37 88 16.6 27.8 27 5.0b 36.5 61 11.5a 29.3

ZO 40 128 14.6 43.1 55 6.8b 57.7 73 9.7a 40.1

Benin 360 323 14.0 47.4 151 5.6b 54.7 172 8.4a 54.3

p-value \0.001 \0.001 \0.001

PD Observed Predicted

Cultivated Wild Native Exotic Native and exotic

S m cv S m cv Jack SE Jack SE Jack SE

AC 64 8.9a 41.7 40 2.5b 56.9 74.5 8.5 86.5 6.6 161.0 13.4

BA 63 7.3a 50.9 98 4.5b 101.0 110.4 8.9 121.3 9.3 231.7 15.5

MP 59 6.8a 40.9 41 2.6b 54.4 66.4 6.3 81.4 6.6 147.8 10.3

NB 61 6.0a 75.6 32 2.6b 76.5 44.8 5.9 79.6 5.7 124.4 9.8

OV 62 5.5a 56.7 26 2.6b 75.6 43.7 5.6 71.6 5.0 115.3 8.6

PL 57 5.8a 60.7 27 3.9b 86.8 45.6 4.3 60.8 2.9 106.4 6.2

PO 41 9.7a 40.7 38 3.7b 57.0 34.6 3.0 71.9 6.8 106.6 8.6

SB 59 8.8a 43.5 25 2.7b 61.2 33.8 2.6 75.6 4.0 109.4 5.4

ZO 48 6.3a 69.7 58 3.8b 75.2 80.4 7.1 96.4 6.4 176.8 12.7

Benin 138 7.1a 55.9 185 3.3b 87.4 191.9 8.2 206.9 6.9 398.8 11.8

p-value \0.001 \0.001 – – – – – –

S species richness, m mean, cv coefficient of variation, SE standard error, jack jackknife estimation, p-value
of the GLM (with either quasi-Poisson or negative binomial) comparing the PDs; AC Atacora Chain, MP
Mekrou–Pendjari, NB Northern Borgou, SB Southern Borgou, BA Bassila, ZO Zou, PO Pobe, OV Oueme
Valley, PL Plateau

In the same line and for native versus exotic or cultivated versus wild, the mean values with different letters
are significantly different (GLM with Poisson distribution, p\ 0.05)
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Home garden flora and its connection to and maintenance of local flora

The capacity of HGs to maintain In-PD species, i.e. species of the PD they belong to,

varied greatly across PDs (GLM with beta distribution, z-value = 12.91, p-value\0.001,

pseudo-R2 = 0.35). There was a positive and significant correlation (r = 0.916, p-value

\0.01) between the total plant species richness and the In-PD plant species richness in

each HG (Fig. 3b). In contrast, the proportion of local species to overall species was

negatively correlated with the overall plant diversity of HG (Person correlation = -0.195;

p\ 0.001). Thus, HGs with higher plant species richness were likely to maintain more In-

PD plant species richness. HG flora was composed on average of 60% of local flora of the

PD they belonged to with Plateau and Oueme Valley composed of at least 90% of local

species, respectively 90.59 and 97.69%. Therefore, in terms of the capacity to host In-PD

plant species, gardens of Plateau and Oueme Valley were more efficient than those of

Bassila and Zou, although the latter were more diversified with 134 and 89 local species

respectively.

When analysing the capacity of HGs to host plant species belonging to other PDs (i.e.

out-PD species), the analysis showed a positive and significant but weak correlation

(r = 0.312, p-value\0.01) between the proportion of out-PD species and distance from the

PD. The influence of the flora of a given PD on the flora from another PD, even if weak,

depended on the distance between those PDs. Thus, neighbouring PDs were generally

similar in terms of garden flora composition: Atacora Chain and Mekrou–Pendjari

(r = 0.79, p-value\0.01), Oueme Valley and Plateau (r = 0.75, p-value\0.01), Northern

Borgou and Southern Borgou (r = 0.75, p-value\0.05), Zou and Plateau (r = 0.63, p-

value\0.05). This trend was confirmed by the non-metric multidimensional scaling of the

garden flora of PDs (Fig. 4a), which separated groups of PDs based on the similarity of

their garden flora: Atacora Chain and Mekrou–Pendjari; Northern Borgou and Southern

Borgou; Zou; Plateau and Oueme Valley; Pobe; Bassila. At the AEZ level, garden flora of

the semi-arid zone (Atacora Chain, Mekrou–Pendjari, Northern Borgou and Southern

Borgou) was different to that of the humid zone (Plateau and Oueme Valley). Depending

on their geographical proximity, the garden flora of sub-humid zones was similar to that of

either the semi-arid zone or the humid zone. Then, the garden flora of Southern Borgou,

geographically close to the semi-arid zone, was similar to that of this zone, whereas that of

Zou, geographically close to humid zone, was similar to that of the humid zone. Gardens

Fig. 3 a Proportion of In-PD plant species within the HG flora of each phyto-geographical district.
b Correlation between overall plant diversity and local plant diversity (p is the p-value of GLM with a beta
distribution comparing the PDs)
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from Bassila and Pobe showed singularity in their composition and were not similar from

each other or from the gardens of other PDs.

Garden occupancy and conservation status of HG plant species

Regardless of the native or exotic status, most of the 323 plant species recorded occurred in

less than 10% of visited HGs (Fig. 5a). Indeed, 90.82% of plant species were found in less

than 10% of visited HGs, with 48.73% occurring in less than 1% of visited HGs and

76.89% occurring in less than 5% of visited HGs (Fig. 5a). None of the plant species

occurred in more than 75% of HGs (Fig. 5a).

There were significant differences of garden occupancy across PDs (v2, w2 = 170.02,

DF = 32, p-value\0.001; Fig. 5b–j), with more than 50% of plant species at PD level

found in less than 10% of HGs.

Significant differences were found in garden occupancy of native and exotic species at

the country level (v2 test, w2 = 13.5, DF = 4, p-value = 0.009). All native plant species

occurred in less than a quarter of HGs, with 95.61% of them found in less than 10% of HGs

and 57.92% occurring in less than 1% of HGs (Fig. 5a). As regards to exotic plant species,

all of them occurred in almost 75% of HGs, with 88.16% occurring in less than 10% of

HGs and 41.42% in less than 1% of HGs. Therefore, native plant species were more

restricted in their occupancy of gardens compared to exotic plant species.

The 360 HGs flora contained 76 singleton species and 42 doubleton species. Singleton

species were found mostly in Bassila (29 singleton species), Atacora Chain (12 singleton

species) and Zou (9 singleton species). 24 doubleton species in HGs within the same PD

were found mainly in Bassila (12 doubleton species) and Plateau (4 doubleton species). 18

doubleton species occurring in two PDs were found mostly in Mekrou–Pendjari (7 dou-

bleton species), Plateau (6 doubleton species) and Bassila (5 doubleton species).

Of the 76 singleton species, 40 were native and 36 exotic. 75% of native singleton

species were found in Bassila (37.5%), Zou (20%) and Atacora Chain (17.5%). 75% of

exotic singleton species were confined to Bassila (38.89%), Atacora Chain (13.89%),

Northern Borgou (11.11%) and Southern Borgou (11.11%).

Fig. 4 a Non-metric multidimensional scaling of garden flora and b correlation between PDs regarding
their garden flora. AC Atacora Chain, MP Mekrou–Pendjari, NB Northern Borgou, SB Southern Borgou, BA
Bassila, ZO Zou, PO Pobe, OV Oueme Valley, PL Plateau
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Of the 42 doubleton species, 28 were native species, and 14 were exotic species.

However, 17 native doubleton species occurred in the same PD, whereas 11 occurred in

two PDs. 7 exotic doubleton species occurred in the same PD, whereas 7 other exotic

doubleton species occurred in two PDs. Native doubleton species were mostly found in

Bassila, comprising 13 doubleton species among which 10 doubleton species were from

Fig. 5 Garden occupancy by plant species in HGs. AC Atacora Chain, MP Mekrou–Pendjari, NB Northern
Borgou, SB Southern Borgou, BA Bassila, ZO Zou, PO Pobe, OV Oueme Valley, PL Plateau
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the same PD. With regards to exotic doubleton species, they occurred mainly in Plateau,

with 5 doubleton species (3 within the same PD), and in Bassila, with 4 doubleton species

(2 within the same PD).

From the pool of 323 plant species recorded in HGs, only 32 species, representing

9.91% of the total, have already been evaluated for their conservation status and red listed

by IUCN, Benin or both IUCN and Benin.

Of the 23 species red listed by IUCN and recorded in HGs, three were threatened by

extinction (vulnerable): Khaya senegalensis, Rhodognaphalon brevicuspe and Vitellaria

paradoxa, whereas two were near threatened: Irvingia gabonensis,Milicia excelsa; and the

other 18 were of least concern or data deficient.

Of the 12 species red listed in Benin and recorded in HGs, 11 were threatened, among

which 7 were vulnerable species: Borassus aethiopum, Chrysophyllum albidum, Kigelia

africana, Pentadesma butyracea, Terminalia superba, V. paradoxa and Zanthoxylum

zanthoxyloides, 2 were endangered species (K. senegalensis, Christiana africana); and 2

were extinct in the wild (Acanthus montanus, Caesalpinia bonduc).

Some of the abovementioned threatened species were widely distributed across PDs.

For instance, K. senegalensis was recorded in 6 out of 9 PDs, C. bonduc was found in 5 out

9 PDs and V. paradoxa was found in 4 out of 9 PDs. Other threatened species were

confined to two PDs (i.e.M. excelsa in Bassila and Zou) and some to one PD (P. butyracea

in Bassila).

Regardless of their conservation status assigned by IUCN or Benin red lists of threat-

ened species, the analysis of rarity index of the 323 plant species recorded in HGs revealed

that 91.40% of HG plant species were not frequent, with 36.53% of the flora being

singleton or doubleton species. Based on the number of locations—the number of PDs

where the species occurred—four categories of conservation status of species in HGs were

obtained: CR (41.02%), EN (33.68%), VU (18.95%) and LC (6.62%). When considering

three of the threatened species categories (CR ? EN ? VU), more than 90% of uncom-

mon HG plant species were threatened. Although exotic plant species dominated HG flora,

they were more threatened than native species (Fig. 6).

Fig. 6 Conservation status of uncommon plant species based on number of locations (a) and zones of
occurrence of rare plant species (b). Threatened status: LC least concern, VU vulnerable, EN endangered,
CR critically endangered. PDs: AC Atacora Chain,MP Mekrou-Pendjari, NB Northern Borgou, SB Southern
Borgou, BA Bassila, ZO Zou, PO Pobe, OV Oueme Valley, PL Plateau.
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Considering the proportion of threatened species hosted at PD level, more than 50% of

the garden flora at all PDs levels (Table 6) were threatened, with BA having more than

80% of its species threatened.

Discussion

This study examined the conservation benefits of HGs in Benin. It investigated their

contribution to the maintenance of In-PD plant species, assessed the conservation status of

plant species at the HG ecosystem level and discussed the implications of the observed

results for the conservation of plant species, either crops or wild.

The findings showed that the HG flora in Benin is composed of diversified plant species

that represent the PD’s surrounding vegetation. Unfortunately, most of these species were

found to be threatened at the HG level.

When considering the pool of flora either observed (323 plant species) or predicted

(398.79 ± 11.81), HGs in Benin hosted between 11.51 and 14.21% of plant species and

44.32% of plant families of the national flora. The species accumulation curves did not

reach the asymptote after the 360 visited gardens, suggesting that additional effort is

required for sampling and garden inventories. Therefore, the true proportion of national

flora hosted in HGs could be higher. These figures confirm HGs are important hotspots of

agro-biodiversity as already reported in the past (Galluzzi et al. 2010; Srithi et al. 2012;

Clarke et al. 2014; Salako et al. 2014) and commonly accepted by scientists and conser-

vation organizations around the world. HGs in Benin are also proven to host important wild

plant species (57.27% of garden flora). However, looking at the membership of garden

flora, the findings showed the predominance of exotic plant species (52.63%), as also

observed by Smith et al. (2006) in HGs in the UK. With regards to the distribution of plant

diversity and its membership across PDs and AEZs, gardens from Bassila and Zou (sub-

humid zone) were the richest (ranging 128–166 species), whereas the less rich gardens

(ranging 79–87 species) were from Plateau, Oueme valley and Pobe (humid zone). For

gardens in the sub-humid zone, their greater plant diversity was also reported by Salako

et al. (2014). This could be explained by the geographical position and natural attributes of

the sub-humid zone, which, acting as a crossroad, concentrates most ethnic groups of the

country (Judex et al. 2009; Etnologue 2015) and offers large farmlands where people from

Table 6 Priority PDs for plant conservation actions in HGs

PD AEZ Species richness Singleton and doubleton species Threatened species

n n % n %

BA Semi-humid 166 65 38.98 133 80.12

AC Semi-arid 112 16 14.4 74 66.07

MP Semi-arid 107 15 13.56 68 63.55

OV Humid 87 8 9.32 54 62.07

PL Humid 87 7 8.47 52 59.77

NB Semi-arid 94 8 8.47 56 59.57

ZO Semi-humid 128 15 11.86 76 59.38

PO Humid 79 5 5.93 45 56.96

SB Semi-humid 88 4 4.24 45 51.14
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the two other AEZs migrate from temporarily or indefinitely for agricultural purposes.

Regarding the relatively low plant diversity in the humid zone, among other reasons, the

small size of gardens of humid zone (Salako et al. 2014) is probably the driver of its low

species richness (Smith et al. 2006; Gbedomon et al. 2015).

For all PDs in the AEZs, exotic plant species dominated the garden flora, suggesting that

HGs are better conservation ecosystem at regional and global level rather than local level.

The high prevalence of exotic plant species in gardens can be related to the attributes of

gardens where important tradeoffs (Taylor et al. 2016) occur to maintain different func-

tions (Idohou et al. 2014) including food, medicine, ornamentation, etc. Because food

production is the primary function of HGs (Kumar and Nair 2004), garden flora is con-

sistently influenced by this function (Skarbø 2014) and is largely composed of food spe-

cies, as for instance in Benin (Idohou et al. 2014; Salako et al. 2014). These food species,

mainly the domestic crops, are well known to be mostly exotic in most of the places they

are grown (Marris 2014). The presence of exotic plant species in HGs is then an intrinsic

attribute of HGs and is observed elsewhere in the world (Smith et al. 2006; Woldeyes et al.

2016). In addition to food species, HGs also harbor numerous medicinal and nutraceutical

plant species worldwide (Albuquerque et al. 2005; Bajpai et al. 2013; Clarke et al. 2014;

Furlan et al. 2016) and, in particular, in Benin (Idohou et al. 2014; Salako et al. 2014).

Some studies have reported the predominance of exotic species in the pool of medicinal

herbs. (Albuquerque 2006) explained this predominance of exotic species by the hypoth-

esis of diversification. This hypothesis considers that the presence of exotic species in local

traditional medicine takes the role of increasing the spectrum of alternatives for treating

specific illnesses. Therefore, exotic species shall ameliorate the local medicinal plant

formulary with species containing highly bioactive secondary metabolic compounds. This

is likely to be one reason supporting the predominance of exotic species in HGs and

corroborates the view that the primary driver of HGs is their composition and that con-

servation outcomes should be viewed as a positive added value. Although exotic plant

species are not yet an issue in Benin, its prevalence in HGs could indicate an increasing

presence of these plant species in the different ecosystems in Benin, and then an envi-

ronmental issue in coming years. However, at HG level, this pattern should not be counted

as a disadvantage. In opposition to the global thinking that all non-native species are

invasive and ‘‘not good’’, all exotic plant species planted or intentionally maintained in

gardens are useful and under control of gardeners. In any case, ‘‘nativeness’’ is just an

environmental value, and maintaining more or fewer exotic/native plant species in HGs

does not prevent plant species from extinction.

Regardless of the ‘‘nativeness’’ or not of plant species, HGs are part of the larger

ecosystem—in this study, at PDs and AEZ levels—which offers a pool of plant species to

gardeners. The findings showed that garden flora is composed of a large part (more than

60% and up to 97%) of the flora of the PDs they belong to. Therefore, HGs are not

isolated ecosystems but rather connected to and representative of the vegetation of their

surrounding landscape. The influence of out-PDs vegetation on the garden flora of another

PD was found to be remarkable mainly in some HGs of Sub-humid and semi-arid zones,

determining 16.66 to 84.62% of the flora of some HGs. Even if not presented in this

manuscript, people migration was found to drive the influence of out-PDs vegetation of

garden flora, with owners of HGs which have experienced migration at least once having

high proportion of Out-PD plant species in their gardens. Such an interaction between

plant distribution and ethnic migration was also evidenced in Benin by Assogbadjo et al.

(2012). In another way, the influence of out-PDs vegetation on the garden flora of another

PD was found to be fairly dependent on the physical distance between PDs. Overall,
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neighbouring PDs were very similar regarding their gardens’ flora. For instance, the

garden flora of the following assemblages (AC and MP), (NB and SB), (ZO, PL and OV)

was very similar, whereas that of BA and PO was very distinctive. Even if not investi-

gated in this paper, beyond environmental and socio-cultural factors, the existence and

extent of the seed and seedling exchange network could explain the similarity and dis-

similarity among PDs with regards to their garden flora (Calvet-Mir et al. 2012a, b).

Indeed, gardeners within the same PD or neighbouring PDs are probably members of the

same seed and seedling exchange network. With increasing distance, the influence of the

network gets weaker. As a consequence, for sites selection for future in situ conservation

purposes, the assemblage defined by similar PDs could be selected rather than each PD

member of the assemblage being selected separately. Because the distinctive PDs (BA and

PO) act as places of particular interest, site selection should compulsorily account for each

of these PDs.

Beyond the richness and quality of membership (native/exotic) of garden flora, the

distribution of individual species as well as their conservation status at the HG level is

another issue of interest. Indeed the relevance of HGs for biodiversity conservation should

be analysed with their capacity to represent agro-biodiversity at multiple levels over small

spaces (Hodgkin et al. 2002). The garden occupancy analysis indicated that most plant

species (90.82%) occurred in less than 10% of gardens, with a high proportion of singleton

and doubleton (36.53%). The conservation status based on garden occupancy and number

of locations of presence indicated that most HG plant species are rare (threatened)

including plant species already red listed by IUCN and Benin. These alarming observations

could indicate a critical situation whereby some plant species, mainly singleton and

doubleton, will no longer exist within HG ecosystems. However, again, this situation does

not necessarily suggest that HGs are not good systems of conservation. The situation

should rather be analysed taking into account the intrinsic pattern of HGs. Indeed HGs are

composed of different vegetation strata (Fernandes and Nair 1986; Abdoellah et al. 2002;

Abebe et al. 2013) but are predominantly of the herbaceous strata (Abebe et al. 2013;

Gbedomon et al. 2015). With such a structure, HG flora composition is highly dynamic

(Coomes and Ban 2004; Abebe et al. 2006) even across the seasons and years (Bernholt

et al. 2009; Cruz-Garcia and Struik 2015). Plant species may disappear and reappear later

in the same garden or elsewhere, depending on the choice of gardeners. As long as the

conservation function will be a by-product of the production function in home gardening

rather than an objective, the efficacy of these ecosystems in sustainably maintaining plant

species diversity will be questionable.

In this paper, the findings are based on one year of data collection and capture only

variation across the seasons. Time series data over a longer period are required to show a

stable and robust trend in spatial occupancy and conservation status of plant species at the

HG level. Furthermore, the rarity cut-off point (rarity index [90%), defined as the

threshold of occurrence below which plant species are considered as being widespread,

was based on empirical case studies and does not stand as an absolute value. Therefore, this

value may be flexible (Leroy et al. 2012) and, consequently, may affect the conclusions

with regards to the conservation status of HG species in Benin.
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