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Abstract

In order to cope with uncertainty, human populations living in drylands have developed social-risk
management strategies (SRMS) and own extended ecological knowledge (LEK), which contributes
to their resilience and adaptive capacity. The aim of this study was to address LEK distribution and
variability and to discuss LEK adaptation to drylands. Through ethnobotanical interviews and
vegetation surveys in a Saharan Moroccan village, we tested the hypothesis that LEK is shaped by
plant apparency and by SRMS. Out of 164 plants, 68 were useful for 126 distinct uses. Plant
cultural value obtained from free-lists was positively correlated with plant use value. Plant
apparency was positively correlated with plant cultural value, which corroborated the ecological
apparency hypothesis. No effect of age or gender on LEK was observed. In contrast, permanently-
settled people had a lower level of knowledge than former nomads. The relative intracultural
homogeneity of LEK suggests a reciprocal exchange network system strategy at the village scale,
which may contribute to human adaptation and resilience to arid environments and to global
changes. Nevertheless, LEK seemed interlocked with subsistence activities and with a mobile
lifestyle. Conserving this lifestyle may thus be crucial for people’s resilience in a context of an

uncertain future.
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1. Introduction

Living and sustaining a livelihood in drylands (i.e dry subhumid, semiarid, arid, and hyper-arid
terrestrial regions) is challenging for human populations. Drylands are highly stochastic
environments characterised by harsh conditions, including scarce and unpredictable precipitation,
high temperature, low soil fertility, sparse human settlements and remoteness (Reynolds et al.,
2007). Under these conditions, human populations have developed adaptation strategies to manage
risk and uncertainty, especially with regard to their pastoral activities. Among other examples, herd
mobility is acknowledged as an adaptation to unpredictable resources (Niamir-Fuller, 1999) and
herds’ species diversification enables the optimal exploitation of the scarce vegetation (Coppock et
al., 1986). These risk-management strategies imply both individual actions and cooperative local
practices, embedded in global systems of social risk-management strategy (SRMS, Moritz et al.,
2011). Such systems allow herders to collectively manage risk through specific social institutions,
which contributes to collective and individual resilience. Three kinds of SRMS, aiming at enabling
herds to recover after a crisis (such as severe droughts or diseases), are commonly distinguished.
Firstly, in reciprocal exchange networks systems, pastoralists exchange, loan or give livestock, in
order to reconstitute their herds. Secondly, in patron-client relationship systems, the reconstitution
of herds involves the employment of impoverished herders as shepherds by wealthy ones. Finally,
in some pastoral societies, SRMS are not institutionalised and support is circumscribed within a
given group sphere (Moritz et al., 2011). The system of SRMS therefore regulates the circulation
and the distribution of livestock between herders and contributes to the sustainability of the activity
at society scale.

In complement to SRMS, herders have extended local ecological knowledge (LEK) of rangeland
ecology. LEK, understood as “a cumulative body of knowledge, practice, and belief, evolving by
adaptive processes and handed down through generations by cultural transmission, about the
relationship of living beings (including humans) with one another and with their environment”
(Berkes et al., 2000), contributes to people’s resilience. The term ‘resilience’ is understood here as
the capacity of human groups or individuals to cope with the disruption of their livelihoods and
with a loss of security as a result of the impacts of social, economic or ecological changes (Adger,
2000). For drylands pastoralists, LEK notably enables a heavy sustained use of forage resources
(Davis, 2005) and is furthermore associated with complementary subsistence activities and
practices, such as tree tending (Andersen et al., 2014) or wild plant use (Ladio and Lozada, 2009).
According to a broad range of factors, LEK is neither homogeneous nor static. Firstly, LEK
depends on the plant material, as plants are not evenly used according to their characteristics
(Phillips and Gentry, 1993a) or are not evenly available to people (de Lucena et al., 2012).



Secondly, there is an intercultural variability of LEK, related to heterogeneity between cultural
groups in terms of cultural preferences, activities, views of the world or socio-economic and
environmental conditions (Berkes et al., 2000). Finally, there is an intracultural variability of LEK
depending on age, gender, occupation, or on individual strategies and interests (Lawrence et al.,
2005; Quinlan and Quinlan, 2007). Because LEK is not evenly distributed and is generally limited
to small size groups, it increases the probability of losing knowledge through cultural oscillation
(Begossi et al., 2002). Furthermore, LEK heterogeneity may constitute a sign of LEK erosion due to
local societies’ acculturation (e.g. Benz et al., 2000). Therefore, the intra- and intercultural
heterogeneity in LEK systems contributes to their overall fragility and to people’s vulnerability to
changes, as LEK is linked with their socio-ecological resilience and adaptive capacity (Ruiz-Mallén
and Corbera, 2013).

Considering the diverse strategies of societies in drylands to adapt their lifestyle and activities to
environmental constraints (Niamir-Fuller, 1999), LEK systems may be somehow adapted to these
constraints, which may influence LEK resilience in drylands. In this study, we propose to test this
assumption by focusing on two aspects. On the one hand, the vegetation in drylands is characterized
by general paucity and variability, and people have developed an opportunistic strategy in the
exploitation of this resource (Salzman, 2002). In this context, we tested the hypothesis that the
variability of use and knowledge on plants may be influenced by the availability of plants for
human exploitation. This hypothesis is broadly known in the ethnobotanical research field as the
Ecological Apparency Hypothesis (EAH), which assumes that people preferentially use and know
plants that are more easily accessible (de Lucena et al., 2012). On the other hand, we tested the
hypothesis that LEK systems are shaped by similar SRMS to those observed in pastoral activities.
Transposing these strategies for LEK may lead to contrasted LEK distribution between people. The
exchange networks strategy would imply that LEK is evenly shared among people via extensive
circulation between social groups, genders, ages and so on. Under this assumption, LEK
distribution between people may tend to be homogenous. On the other hand, the patron-client
relationship strategy would imply a discrepancy between “wealthy” or knowledgeable people and
the “poor” or less knowledgeable. This strategy may lead to a concentration of LEK within a
specific group. Finally, the non-institutionalised SRMS strategy may lead to a gradient of
knowledge between groups and heterogeneity according to socio-economic factors.

Our main objectives were thus (1) to identify the useful plants and to assess their abundance in
order to test the EAH, and (2) to quantify the intracultural variability of LEK in order to reveal what
kind of SRMS are shaping LEK. We focused our investigations on a single village located in south-

western Morocco in the sub-Saharan area, in order to limit intercultural variation. This work



provides a basis for discussion on the adaptation of LEK systems to drylands and their vulnerability

in the face of changes in society.

2. Materials and methods

2.1 STUDY SITE

This study was a part of a broader PhD research study on the local management of the Saharan
acacia woodlands and their conservation. Within the scope of this research, the first author spent a
total of 170 days in two Saharan villages between January 2013 and August 2014. Apart from the
ethnobotanical study presented in this paper, several observations made by the first author during
his fieldwork were used here, especially in order to complete the study site presentation in a region
where academic studies and literature are lacking, and to enrich the discussion of the results.

This study was carried out in the village of Taidalt, in south-western Morocco, at the border
between the Anti-Atlas Mountains and the Sahara desert (Figure 1). With mean annual rainfall of
112 mm and average temperature of 19.6°C, the climate is arid with mild winters due the proximity
of the Atlantic Ocean. Vegetation is characteristic of the Saharan biomes, with Acacia tortilis subsp.
raddiana (Savi) Brenan (Leguminosae) as the dominant tree species and Hammada scoparia
(Pomel) Iljin as the dominant shrub, locally associated with Panicum turgidum Forssk. in sandy
riverbeds, Convolvulus trabutianus Schweinf. & Muschler in terrace and Ziziphus lotus (L.) Lam in
the plain (Msanda et al., 2002).

Taidalt village has about 398 inhabitants in 73 housing units (according to the Communal
Development Plan) and is the traditional centre of the tribe Ouled Bouachra. The tribe is part of the
tribal league ATt Noss, which also includes the tribes of Ait Zikri (village of EI Borj — 15 km south
of Taidalt), Ait Brahim (villages of Taghjicht and Targuameit — 50 km north-east of Taidalt) and Ait
Bou’ou (village of Tiglit — 60 km south-west of Taidalt).

Traditionally, people in this area were semi-nomadic herders living in tents. Villages and houses
served as storage for families’ grain and wealth and as meeting points for social events. Villages
were built close to a spring and were also planted with date palm trees. The four tribes belonging to
the tribal league Ait Noss share the same territory (Joumani, 2006). Most of this territory was an
open-access rangeland for virtually all neighbouring Saharan tribes, according to “the “usufruct”
principle of mutual non-destructive use of resources” (Andersen et al., 2014). In addition, the Ait
Noss cultivated grains (barley, maize and wheat) in areas occasionally flooded by unpredictable and
stochastic rainfalls. Cultivation in this area did not necessarily occur every year, nor did it affect the
same areas because of the high inter-annual variability of the rainfall: farmers decided whether to



cultivate depending on the timing (a flood event must occur between September and March) and the
extent of floods (Blanco et al., in press). The main area for grain cultivation was the plain adjacent
to Taidalt, which was subdivided between the four tribes. In the same way, the village of Taghjicht
constituted the main oasis, and every tribe owned some date palm trees there. This common
management of the territory and its resources and the open-access principle of the rangeland are still
in force today, so Taidalt inhabitants only constitute one of the user groups of the territory.

In the middle of the 20th century, sedentarization started to occur in this region, resulting in the
abandonment of pastoral activities by new settlers. During the fieldwork, people cited several
reasons for this sedentarization, including schools, modern amenities (running water, electricity)
and the loss of cattle after drought. Settled families in the village still continue to cultivate cereals
during favourable years and own between five and 15 goats and/or sheep at home for domestic
needs. Wage-earning jobs then became a complementary, or even the main, source of income for
settled families.

In this context of on-going livelihood modernization, vegetation still constitutes a useful resource
for the community. Firstly, vegetation still represents a forage resource for domestic small herds
and for semi-nomadic herders. While in most houses and tents, cooking is done with gas, firewood
and charcoal extracted for woody plants are still used for some specific preparations (e.g. bread and
tea). Plants also ensure various everyday life needs, notably for traditional medicines, aromatic
uses, goatskin tanning, fences around irrigated gardens and tent camps, etc. The use of plants is
allowed both for members of Ait Noss and for herders from other tribes who browse their cattle on
the territory. No extensive commercial exploitation of plants was observed during the fieldwork,
even if surpluses may be sold, especially in the case of medicinal plants. As vegetation growth and
abundance are highly variable in relation with rainfall, no clearly defined patterns of exploitation
were identified during the year. Rather, plant exploitation was shaped by opportunistic behaviour,

specific to nomad societies (Salzman, 2002).
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Figure 1: Study site location: Taidalt village, province of Guelmim, Morocco.

2.2 DATA COLLECTION METHODOLOGY

2.2.1 Preliminary plant survey and investigations

A preliminary phase consisted in the introduction of the first author into the village during a three-
week stay in June 2013. A local assistant was employed and trained to introduce the researcher and
the purpose of the study to the villagers and to act as translator. The local language is Darija, the
Moroccan dialect, mixed in this sub-Saharan area with Hassanya, the language spoken by Sahrawi
people. The French speaking first author previously learned the basics of this language, which
enabled spontaneous discussion with villagers. But for more formal exercises, such as structured
and semi-structured interviews, the local assistant acted as interpreter. Pre-interviews were
conducted to define an appropriate method to survey plant uses and knowledge. For instance,
ethnobotanical transects or “walks-in-the-wood”, common and effective methods in the tropics (e.g.
Giday et al., 2009), were challenged here by the specificity of the area (including the absence of
most plants during this period of drought, the scarcity of vegetation and the difficulty of finding
volunteers to spend hours in the desert). Interviews in the village were finally found to better suit

the local context.



A survey of plant names through informal interviews with villagers was undertaken, and a total of
two weeks were dedicated to botanical exploration of the village territory with three local

informants and two shepherds. During this exploration, 82 specimens were collected for botanical
identification and local names were obtained from informants. These names were then used in the

semi-structured interview presented in section 2.2.2.

2.2.2 Interviews

Interviews were conducted in August 2013 with 37 informants who represented a range of socio-
economic attributes (Appendix A). We addressed the intracultural variability of LEK through age
and gender — two parameters that usually shape LEK distribution (e.g. Benz et al., 2000; de
Albuquerque et al., 2011). The selection of informants was thus based on these two criteria; our
final sample was composed of 19 males and 18 females aged between 20 and 90 and were classified
in four age classes in order to proceed to statistical analysis (Table 1). The size of the sample was
challenged by several constraints. Firstly, the study occurred during a dry year, when a lot of
sedentary people, in theabsence of agro-pastoral activities, went to urban centres to look for
temporary jobs — such mobility is related with the opportunistic behaviour of people in arid
environments and constitutes an adaptation strategy to drought (Salzman, 2002; Scoones, 1994).
Secondly, some inhabitants refused to contribute to the study, for various reasons. It was for
instance particularly difficult to have access to women, because the researcher and assistant were
both men. An opportunistic sample frame was therefore chosen: informants were visited in their
houses or encountered in the village and asked to participate to the study. After the informant
consent, the interview occurred in the informant’s home or in the village, away from crowded areas,
and included two phases.

Firstly, an individual interview consisted in a free-listing exercise, during which the informant was
asked to “cite, during a five-minute period, as many plants that grow on the tribe’s territory as
possible”. A chronometer was started when the informant began to name plants and every plant
name cited was noted in order of citation. Corresponding botanical names were obtained from the
preliminary plant survey and identification, and from Bellakhdar (1997) and Volpato and Puri
(2014), as drought and plant scarcity prevented the observation of all plants cited. This first phase
resulted in 37 individual free-lists and enabled assessment of plant cultural value and its variability
through ethnospecies and informants (see 2.3.1). The term ethnospecies refers to biological entities
recognized by local informants, which do not necessarily correspond to taxonomic biological

species (de Albuquerque et al., 2011).



Secondly, a semi-structured interview was conducted, during which the interviewer proposed plant
names randomly chosen from the list of names obtained in the preliminary phase. For each
ethnospecies, the informant was asked about uses and processing. The number of plants proposed to
each informant depended on the duration of the interview taking into account the informant’s
availability and willingness. Between four and 38 ethnospecies were investigated per interview for
a total of 438 ethnospecies X interviews (Table 1). This data provided a basis for calculating plant
use value and informants use knowledge (see section 2.3.2).

During interviews, questioning people in their own environment (home, village, etc.) appeared to be
crucial in order to create an atmosphere of confidence and to maximize the information. In
consequence, other people were present (family members, friends, etc.) during the interviews in 12
cases (out of 37). During the free-listing, secondary informants were asked remain silent. During
the semi-structured interviews, they were invited to contribute after the interview with the main
informant was completed. The information obtained by secondary informants enabled us to obtain
an exhaustive list of uses and processing for each ethnospecies, and to calculate plant use value (see
section 2.3.2). Finally, through the first and second phases of interviews, this study involved a total
of 52 informants in 26 households (13% of the total population of the village and 36% of the

households). All analyses were performed on the basis of ethnospecies and not of botanical species.

Table 1: Number of informants and of ethnospecies proposed during the semi-structured interviews

per gender and age.

Age class (years) 15-29 30-44 45-59 >59 Total

Men

Sample size 5 4 5 5 19

Number of species proposed 61 30 78 98 267

Unknown species* 31 (51%) 6 (20%) 6 (8%) 4 (4%) 47 (18%)
Women

Sample size 3 5 7 3 18

Number of species proposed 28 38 77 28 171

Unknown species* 3 (11%) 6 (16%) 3 (4%) 1 (4%) 13 (8%)
Total of species 89 68 155 126 438

Incl. unknown species* 34 (38%) 12 (18%) 9 (6%) 5 (4%) 60 (14%)

*Unknown species refers to species proposed by the interviewer but unknown to the informant.

2.2.3 Vegetation survey

Vegetation surveys were performed from September to October 2013 in the plain and terraces
surrounding the village (over a radius of about 10 km), where most agro-pastoral activities take
place. Forty-six points were randomly computed with the ArcGIS 10.0 software. Each point was the
starting point of a transect guided with a randomly computed azimuth. A vegetation survey was

done for each substantial change in vegetation or in abiotic environment (soil, topography). A plot



consisted in a 50x50 m square where all of the species were recorded and were associated with an
abundance-dominance (AD) index (Braun-Blanquet, 1964). A total of 141 plots were performed.
For a species i, we defined (1) the ecological frequency (EF) as the ratio between the number of
plots in which the species i was observed and the total number of plots; and (2) the average AD

index as the mean of the AD indexes attributed to the species i in the 141 plots.
2.3 DATA ANALYSES
2.3.1 Free-list analyses

Free-lists were analyzed with FLAME, an Add-In running on EXCEL® environment, which
provides similar analyses to the ANTHROPAC software (Pennec et al., 2012). We calculated F,
the frequency of appearance of the ethnospecies a and S,, the Smith salience index, which assesses

plant cultural value (Smith and Borgatti, 1997), as:

Li—R,+1
_Z?’a%

N

Sa

with  N: Total number of informants;

Li: Size of the list for the informant i;

Ra: Rank of appearance of the ethnospecies a.
The study of the correlation between the Smith salience index and (1) the ecological frequency and
(2) the average AD index allowed testing of the ecological apparency hypothesis.
The competence of the informant i in the cultural domain was assessed in a two-dimensional space
defined by L; and by the summed frequency F; = Z'gj:l F,. Finally, the distance between two

informants i and j was calculated with Jaccard’s index of similarity:

M;qj0 + Mg jq
M;iijo + Migj1 + Mij1

Aijz

with  M;qjo: Number of ethnospecies appearing in the list of i and not in the list of j;
M, ;1: Number of ethnospecies appearing in the list of j and not in the list of i;
M;, ;1 Number of ethnospecies appearing in the lists of i and j;

The assessment of informants’ competence informed on their plant knowledge on the basis of their

capacity to cite plant names during a free-list exercise.



2.3.2 Plant use classification and use value

A principle of triangulation was followed to confirm uses through (1) repetition (cited by at least
two persons in two distinct interviews), (2) direct observation or (3) informal confirmation by
secondary informants and other villagers. Plants were classified in six categories: medicinal,
technological, edible, construction, multi-category and unused (Table 2). We calculated for each
plant the reported use value (RU) as the sum of confirmed uses (Gomez-Beloz, 2002). As all
ligneous species were found to be useful as firewood, this use was excluded from RU calculation,
because it introduced a systematic bias to RU value for woody species. RU thus measures the
importance of ethnospecies in terms of number of uses (firewood excluded). It differs from the use
value defined by Phillips and Gentry (1993), which measures the number of uses known by each
individual for each plant and which would have required extensive interviews (see Discussion).
Rather, informants’ use knowledge was assessed for each category of use with a use knowledge
index (UKI). For instance, the medicinal UKI was defined as the ratio between the number of
medicinal uses reported by an informant and the total number of medicinal plants this informant
was asked about. As defined, UKI allowed assessment of informant knowledge from their capacity

to cite plant uses, as it may differ from their capacity to cite plant names.



Table 2: Numbers of ethnospecies and reported use value by use category.

Use category Number of Reported use
ethnospecies value
Medicine 40 76
- Gastrointestinal 15 22

- Dermatological

- Respiratory

- Gynecological/andrological

- Culture-bound syndromes

- Pain/febrile diseases

- Fever

- Skeleto-muscular

- Ophthalmological

- Urological

- Poisonous animal bites

- Cardiovascular

- Other/Unclassified
Technology and handicraft

- Goatskin tanning

- Goatskin cleaning

- Hair care

- Oral/ body hygiene

- Tools and objects

- Textile cleaning
Construction

- Fence

- Roof
Edible

- Snack

- Herb

- Food

- Other
Total

Incl. multi-category species
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2.3.3 Statistics

Statistics were computed with the R software (R Core Team, 2014). Normal distribution was tested
with Shapiro tests. For normal distributions, Student test was used for mean comparisons; for non-
normal distributions, the non-parametric Wilcoxon test was used. As the type of use may affect
plant cultural value (Benz et al., 2000), we tested the influence of the use category on the Smith
index through the Kruskal-Wallis test and the correlation between Smith index and RU through
Spearman test. The EAH was tested through a Spearman test between the plant apparency (EF and
average AD index) and the Smith index. To address the variability of LEK between informants, we
analysed the influence of a range of individual socio-economic attributes, including age, gender,
main occupation, marital status and nomadic experience (see Appendix A). The influence of age on
informant knowledge was tested through a Spearman test and the influence of gender through a
Wilcoxon test. An ANOVA was used to test the simultaneous influence of gender and use category

on the Smith index. Because of non-normal distributions or heteroscedasticity, the effect of marital



status and occupation was tested with the Kruskal-Wallis test. Finally, Wilcoxon test was used to
address LEK difference between permanently-settled people and former nomads. All tests used a
5% factor for validation.

3. Results

3.1 RICHNESS OF THE LOCAL ETHNOFLORA

A total of 164 ethnospecies were mentioned in the free-lists, among which 118 (72%) were
identified to species level and 17 (10%) to genus level (Appendix B). A total of 43 botanical
families and 110 geneses were represented. The most highly represented families included
Compositae (20 ethnospecies), Leguminosae (15 ethnospecies) and Amaranthaceae and
Brassicaceae (11 ethnospecies each). The average number of ethnospecies listed by informant was
30.0 (£ 9.2 SD), with a minimum of 14 for a seventeen year-old man and a maximum of 47 for a
forty-three year-old man. Most frequently cited ethnospecies where talh (Acacia tortilis subsp.
raddiana; 97% of the informants), argan (Argania spinosa (L.) Skeels, Sapotaceae; 97%), sbat
(Stipagrostis pungens (Desf.) de Winter, Poaceae; 92%) and kerkaz (Diplotaxis spp. DC.,
Brassicaceae; 89%). Talh had the highest Smith salience index (0.833), followed by argan (0.716),
remt (Hammada scoparia; 0.614), mulbeina (Launea arborescens (Batt.) Murb., Compositae;
0.612) and kerkaz (0.596). Only 15 ethnospecies were cited by more than 50% of the informants
and 49 ethnospecies by more than 20% of them. Additionally, 50% of the ethnospecies were
mentioned by fewer than 9% of the informants and 45 ethnospecies were mentioned by only one

informant.

3.2 CULTURAL VALUE HETEROGENEITY BETWEEN PLANTS

3.2.1 The influence of plant use on plant cultural value

Useful ethnospecies represented 41% of the total number of cited ethnospecies and had 126
distinguished uses (Table 2). Useful ethnospecies included 59% of medicinal, 32% of technological,
31% of edible and 9% of construction plants. Thirty plants (44%) had several uses and nineteen
(28%) were multi-category, including 13 medicinal, 10 edible, 12 technological and 5 construction
plants. Highest RU were found for ralh (10 uses, three categories), remt (6 uses, two categories) and
atil (Maerua crassifolia Forssk., Capparidaceae), chih (Artemisia sp. L., Compositae) and mheinza
(Cleome amblyocarpa Barratte & Murb., Cleomaceae) (4 uses, two categories).



Used ethnospecies were more often cited by informants than unused ones: amongst the 49
ethnospecies cited by more than 20% of the informants, 34 were used and 15 were not. Mean Smith
salience index was 0.15 (+ 0.18 SD) for used ethnospecies and 0.05 (x 0.09 SD) for unused ones,
with a significant difference (Wilcoxon test, p <0.001). Additionally, the RU was positively
correlated with Smith index (Spearman test, p<0.001, p=0.43) (Figure 2a). Thus the more useful a
plant was, the higher was its cultural value.

Use category also influenced salience index (Kruskal-Wallis test, p<0.001) (Figure 2b). Mean
salience index was highest for species used for construction, with significant differences between
every other use category (Wilcoxon test, all p<0.01). Conversely, no difference was found between
medicinal, edible and technological plants’ salience indexes (all p >0.39). Multi-category plants had
higher mean salience index than others (respectively, 0.28 + 0.26 and 0.10 £+ 0.10 SD; p=0.010).
Unused plants had lower salience index than every other plant category (all p<0.001). Thus the type

and diversity of uses both influenced the plant cultural value.
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Figure 2: Plant use and salience index. a) Correlation between the reported use value and Smith's

salience index; b) Mean Smith salience index by use category (bars represent standard deviation).

3.2.2 The influence of ecological apparency on plant cultural value

A total of seventy-one species were observed in the vegetation survey and average species number
per plot was of 6.7 (£ 4.6 SD). In parallel, only 16 species were found in more than 10% of the
plots. The most frequent species were remt (EF=94.3%), mulbeina (63.8%) and talh (56.0%).
Average AD index was the highest for remt (AD=1.57), mulbeina (0.82), sedra-I-beida and
Cynodon dactylon (L.) Pers. (Poaceae) (0.27), kherdeg (0.26) and falh (0.25). The plant ecological

frequency was positively correlated with their Smith salience index (Spearman correlation,



p<0.001, p=0.47). The correlation between the AD index and the Smith index was also positive and
significant (p<0.001, p=0.53) but with a fuzzier pattern (Figure 3).
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Figure 3: Correlation between ethnospecies Smith salience index and a) the ecological frequency

and b) the abundance-dominance index.

3.3 LEK DISTRIBUTION BETWEEN INFORMANTS

3.3.1 Variability of plant knowledge between informants

The average number of cited ethnospecies was 30.1 (£ 9.2 SD) for men and 29.8 (+ 9.4 SD) for
women. No correlation was found between age and free-list size (Spearman test, p=0.220). Free-list
size was not influenced by gender (Wilcoxon test, p=1), by marital status (Kruskal-Wallis test,
p=0.324) or by informant’s main occupation (p=0.625). Furthermore, the informant competence
was not patterned by age or gender (Figure 4A). Smith salience index was influenced by the use
category (ANOVA, F=161.96, p<0.001) but no effect of gender (F=0.05, p=0.822) and no
interaction between gender and use category was observed (F=0.44, p=0.819), as illustrated in
Figure 4B.
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Figure 4: a) Informants’ competence according to age and gender (men in black; women in grey).
The y coordinate corresponds to the number of ethnospecies he/she mentioned. The x coordinate
corresponds to the sum of frequencies of the ethnospecies he/she mentioned; b) plant Smith salience

index variation according to use category and gender obtained from the ANOVA analysis.

In contrast, former nomads named significantly more plants (32.4 = 8.9 SD) than permanently-
settled people (24.2 + 7.4 SD) (Wilcoxon test, p=0.01). Smith index differed between former
nomads and permanently-settled people (p<0.001). In parallel, Smith index showed no difference
between the 30-44, the 45-59 and the more than 59 year-old informants (Wilcoxon tests, all
p>0.05), while it distinguished the 15-29 year-old informants from all the latter age categories
(paired Wilcoxon test, all p<0.01). Thus, as former nomads (55.5 + 15.0 SD year-old) were
significantly older than permanently-settled people (30.9 + 7.6 SD; p<0.001), there may be an
autocorrelation between age and nomadic experience. We thus compared Smith index between
permanently-settled people only (N=12) and found no influence of age (p=0.09). So free-list size
and Smith index were more influenced by the nomadic experience than by the age.

In addition, the informants’ distance matrix showed a core of informants and five groups of outliers
(Figure 5). Outliers 1, 2 and 3 included 8 of the 12 permanently-settled informants. This group of
outliers was split into men (circle 1) and women (circle 2 and 3). In contrast, informants in circles 4
and 5 (Figure 5) were three middle-aged women who had lived as semi-nomads for more than 20

years before settling.
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Figure 5: Relative Jaccard’s distance between informants. Men are coded in black and women in
grey. Squares code for permanently-settled people and triangles for former nomads. Circles indicate

groups of outliers.

3.3.2 Variability in plant use knowledge between informants

Among the ethnospecies proposed during the semi-structured interviews, the share of unknown
species varied with age and gender (Table 1). On average, women knew more species than men, but
the difference between genders was very high for the youngest people and tended to disappear with
age. The share of unknown species was 6% for former nomads and 41% for permanently-settled
people while UKI was always lower for the latter (Figure 6). For instance, total UKI was 28.3%
lower for permanently-settled people than for former nomads, but this difference varied between
use categories: edible UKI was 42.0% lower, technological UKI was 42.6% and medicinal UKI was
22.4% lower.
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Figure 6: Comparison of Use Knowledge Indexes between former nomads (25 informants) and
permanently-settled people (12 informants).

4. Discussion

4.1 CULTURAL VALUE VARIABILITY AMONG SPECIES

Our results showed a variation of cultural value between ethnospecies, which is an important and
frequent conclusion in ethnobotany studies (e.g. Begossi et al., 2002; Benz et al., 2000; Lawrence et
al., 2005; Phillips and Gentry, 1993). Cultural value was furthermore concentrated around a limited

number of plants and varied according to their use and apparency.

4.1.1 Use value vs Cultural value

Turner (1988) suggested that the cultural value of a plant is “virtually synonymous with use of a
plant, when "use" is interpreted in its widest, most general context”. Our results indicated a positive
correlation between RU and Smith index, which tends to confirm Turner’s proposal. For instance,
Acacia tortilis subsp. raddiana had the highest RU and Smith index. The latter result was also
found by Volpato and Puri (2014) in refugee camps of the Western Sahara, which indicates a high
regional valuation of this tree species and its cultural importance. Conversely, Argania spinosa had
the second highest Smith index and a relatively low RU, which highlights that the use value is not
necessarily an optimal proxy of the cultural value. In particular, the plant’s pastoral value may also
play a substantial role in its cultural valuation (Linstadter et al., 2013). Furthermore, some uses are
not material and belong to the immaterial and socio-cultural sphere, through stories, legends, and

beliefs. Consequently the Smith salience index may be more reliable to assess the cultural value of



plants than other use value indexes. On the other hand, the Smith index suffers from several
limitations related to the limitations of the free-listing method (see Quinlan and Quinlan, 2007).
Quantifying cultural value thus remains a challenging exercise that requires complementary

qualitative approaches if it is to be addressed fully and in its full complexity.

4.1.2 Plant cultural value and use category

Our results indicate a differential valuation of plants according to the use category. The high
valuation of construction may be explained by the fact that it represents only six species and that
five of them were multi-category species. Surprisingly, medicinal plants were not more highly
valued than edible or technological species, notwithstanding the fact that they represent the greatest
richness in terms of species and use. The dominance of medicinal plants is common in the
literature, but other uses are also important to fulfil everyday life needs. This is particularly relevant
in arid environments where people have developed multi-resource strategies to adapt to risk and
uncertainty (Salzman, 2002).

We also noted during the interviews that several informants reported “cognitive use” and not
“active use” (sensu de Albuquergue and de Lucena, 2005). For instance, some species were useful
for food, cosmetics or hygiene, but only few elders effectively used them, as people now have
access to markets for cheap food and other products. We unfortunately were unable to make a
systematic distinction between cognitive and active use, mainly because it would have required
individual history investigations and long-term observations. This may constitute a limit to establish
a nexus between cultural and use values. We therefore recommend for further ethnobotanical
studies paying careful attention to distinguishing active use from collective knowledge or from the

memory of former practices.

4.1.3 The ecological apparency hypothesis

According to the EAH, the largest, most dominant and most frequent plants should have the highest
use value (de Lucena et al., 2007). The EAH has been corroborated by several studies, but the
correlation then depends on the choice of the indicator used to assess ecological apparency. Authors
generally used basal area (e.g. Lawrence et al., 2005; de Lucena et al., 2007), plant frequency and
density (Thomas et al., 2009) or number of individuals (Galeano, 2000). If basal area seems
appropriate for tree species, we considered that ecological frequency and species cover were better
suited to the shrub and grass vegetation of dryland landscapes. Through these indexes, our results
showed a higher valuation of more apparent species, which corroborates the EAH. In contrast, the



absence of correlation with RU may be due to methodological limitations. We used in this study the
reported use value defined for a plant as the sum of confirmed uses (Gomez-Beloz, 2002). Other
studies that tested the EAH mostly used the overall use value defined as the average use value (UV)
obtained from the informants (Phillips and Gentry, 1993a). We think that the UV and the Smith
salience index may be more robust for quantitative analyses than RU. Our experimental design
unfortunately prevented us from calculating UV: because of the high number of ethnospecies, all
informants were not interviewed on all the plants. To perform statistically robust tests, we thus
worked with group-aggregated UKI rather than with individual indexes.

Furthermore, testing the EAH may not be obvious in drylands and we identified two possible biases
in our vegetation survey. On the one hand, the study occurred in a dry year and may underestimate
the apparency of species that grow only during wet years (especially annual species). Conversely, a
survey that would occur during a wet year may overestimate the apparency of these species. This
bias is thus inherent from snapshot studies that fail to address variability. On the other hand, the
mobility of nomadic and semi-nomadic people may change their perception of plant apparency. As
herders and families move towards diverse rangelands and places seeking for valuable forage
(Linstadter et al., 2013), they increase the time during which they are in contact with certain
species. They additionally may be in contact with various types of vegetation. As our vegetation
survey was done around the village, there may be substantial differences between measured
apparency and perceived apparency by former nomads, even if they are now mostly sedentary.
Mobility and variability have thus major implications for ethnobotanical studies by implying an
enlargement of the duration and of the scale of the study, with particular attention to patterns of

movements and to people’s life history.

4.2 SHARING KNOWLEDGE: A SOCIAL RISK-MANAGEMENT STRATEGY?

4.2.1 Reciprocal exchange networks of LEK

Our results indicate no effect of age or gender on plant valuation. In contrast, plants were not evenly
used by men and women, as women remain the major prescribers of medicinal plants and
construction is men’s work. These results contrast with most studies that rather reported an effect of
gender specialization and age on plant knowledge (e.g. Luoga et al., 2000; Begossi et al., 2002;
Lawrence et al., 2005; Quinlan and Quinlan, 2007) and a limited circulation of knowledge within
communities (Ghimire et al., 2004). It cannot be ruled out that the size of our sample (37 free-lists
and 53 participants to the interviews) may have failed to reveal variability. However, the size of the

village population in itself constituted the main limitation to our sample. Furthermore, increasing



the sample by undertaking complementary work in another village would have introduced
intercultural variation.

Despite this potential limitation, our results are consistent with several studies that addressed
intracultural variation in LEK in the African arid regions and reported a relative homogeneous
distribution of LEK between gender and age, while most of the heterogeneity was observed
between villages (Kristensen and Lykke, 2003; Lykke et al., 2004). Furthermore, these studies and
ours focused on people aged over 18, while people may have acquired LEK by adolescence.
Consequently, if LEK is homogeneous when adulthood is reached, further study would be
necessary to investigate LEK learning during childhood. Considering the influence of plant
apparency on plant cultural value, LEK homogeneity between adults may be explained by the fact
that people have the same access to plants, even if they do not share knowledge. This assumption
would suggest that human culture is primarily shaped by environmental features, but this
environmental determinism approach has been challenged by cultural ecology (Geertz, 1963). In
particular for LEK, literature suggests that even if plant availability influences LEK, variations
between people may still be observed across age (Phillips and Gentry, 1993b) or gender (Lawrence
et al., 2005). The alternative hypothesis to explain LEK homogeneity is a broad circulation of
knowledge between ages and genders. Several observations made during the fieldwork led us to
favour this hypothesis. Firstly, while most medicinal and technological uses were the attribute of
women, men described these uses in a detailed manner, which suggested that they possess the
know-how. This is consistent with the observations of VVolpato and Puri (2014), who observed
amongst Sahrawi people in Algeria an occasional involvement of women in men-dedicated work,
and suggest that this involvement may contribute to the circulation and homogenization of LEK.
Additionally in our study, all informants considered that plant knowledge should be shared with
anyone who needs it and affirmed they would share information on plants with any relatives (family
and village members, men and women, etc.). Such talk was corroborated by informal discussions
and observations of everyday life interactions between people: in case of illness, people received
advice and help from their relatives, especially elders, at a broader scale than that of the family.
Such social norms may promote the circulation and the homogenization of LEK within Taidalt
village. Our result may thus suggest that at village scale, the LEK system is shaped by a reciprocal
exchange networks strategy. Further study would nevertheless be required to provide comparison

with results at a broader scale.



4.2.2 LEK system adaptation to arid environments

LEK is considered to enable people to sustain a living in their local environment and to be a key
point for adaptive co-management — i.e. for the integration of local ecological, social and economic
information in management plans by decision makers (Gadgil et al., 2003). In arid environments,
which are characterized by a high level of uncertainty and risk, LEK is particularly useful for
people’s resilience in the face of hazards (Colding et al., 2003). More specifically, it has often been
argued that sharing LEK is a key attribute in stochastic environments (Niamir-Fuller, 1999). Our
results are consistent with a broad sharing of LEK in drylands, which may be considered as a risk-
management strategy. Strategies to cope with risk in drylands include mobility, diversity,
flexibility, reciprocity and reserves (Fernandez-Gimenez and Le Febre, 2006) and may also be at
play for LEK systems. Mobility enables individuals to widen their social and ecological
environment and to have access to a diversity of plant and related knowledge. This access is granted
by reciprocity, i.e. if individuals agree to share their knowledge among themselves. Reciprocity and
mobility thus constitute two requirements for individuals to diversify their knowledge. This
diversification and the constitution of an individual set of knowledge in turn increases individuals’
flexibility, as more plants and uses are known. Individual flexibility appears as particularly crucial
in arid environments, where people often travel alone or in small groups throughout vast and hostile
territories for long periods, to browse their animals or seek suitable rangelands. It is not rare that
men travel without women, and thus have to be independent enough to cook or treat themselves
medically. Constituting an individual pool of knowledge thus enables them to cope with isolation.
In adopting a reciprocal exchange networks strategy, people in arid environments contribute to
collectively building individual resilience and adaptive capacity (Ruiz-Mallén and Corbera, 2013)
in the face of unpredictability, risk and isolation.

Conversely, we also identified in Taidalt village particularly knowledgeable outliers, represented by
middle-aged women who were formerly semi-nomads. As different kinds of SRMS often overlap
within a society (Moritz et al., 2011), key informants may be the sign of a lesser patron-client
relationship strategy. Key informants are considered to be crucial to the maintenance of LEK, while
at the same time, their disappearance has detrimental effects on the level of knowledge of the whole
village (Begossi et al., 2002). The vulnerability of LEK increases as the size of the group owning
this LEK decreases (Agrawal, 1995). Consequently, the homogeneity of LEK within a human group
may tend to maximize the number of people owning LEK and to contribute to LEK resilience,
while the presence of key informants may be seen as a factor of vulnerability. Complementary,
heterogeneous LEK distribution may be a sign of LEK erosion (Benz et al., 2000; Case et al.,

2005). The presence of key informants may reflect the negative effects of the sedentary lifestyle on



LEK as a result of a decrease in mobility and a loss of contact with the learning environment
(Ohmagari and Berkes, 1997). Those women, former nomads, may have kept high level of LEK
from their nomadic lifestyle, while most of other villagers may have lost theirs. Further study would
be required to test this assumption and to better understand the causes and consequences of the
presence of key informants. In this perspective, addressing the variability of knowledge between
current nomads and settled-people may be especially relevant, whereas a settled lifestyle may not be
the only factor of LEK erosion.

4.3 A THREATENED LEK SYSTEM?

4.3.1 Changes in practices and associated LEK erosion

Our results showed differences in LEK between former nomads and permanently-settled people,
which may highlight a LEK change in the face of changing livelihoods. The extent of this change
however depends on plant use, because some activities collapse while others continue (Ohmagari
and Berkes, 1997). In Taidalt village, all inhabited houses had, at the time of this study, industrial
wood roofs, and most new houses are today built with concrete blocks, instead of wattle and daub.
Alongside the abandonment of traditional construction practices, permanently-settled informants
had very low construction UKI. In contrast, the knowledge gap between former nomads and
permanently-settled people was the lowest for medicinal plants. Despite there being a health care
centre in the village and the proximity of an urban centre, plants still remained an active source of
treatment at the time of this study. All informants mixed traditional and allopathic medicine, which
is a common phenomenon (Matavele and Habib, 2000). This underpins a process of diversification,
rather than of competition, between two complementary medicinal systems that do not exactly
cover the same fields of illness. In contrast, modern construction materials may fulfil, or even
exceed, all the attributes of traditional ones, which may have favoured substitution processes.
Access to a market economy and related goods is known to drastically influence LEK. Most of the
time, this influence is negative for LEK conservation, because people tend to replace plant uses and
materials with market ones or to change occupations. Sometimes however, markets may positively
contribute to LEK, for instance in economically valorizing a plant resource. Thus, the changing
economic context may have constrasting effects on LEK and may not impact all LEK in the same
way (Benz et al., 2000), as our results suggest. In order to better understand these processes, we
suggest that monitoring the variability of LEK between plants and within social groups may be a

suitable method to assess LEK system change and potential erosion in a changing context.



4.3.2 LEK and agro-pastoral activities: a common future?

As LEK is rooted in a specific socio-environmental context, it may be threatened by changes of this
context. A scientific consensus seems to exist on the close interlocking between LEK, subsistence
activities (Galeano, 2000) and people’s contact with the learning social and ecological environment
(Ohmagari and Berkes, 1997). In Taidalt, young men usually go to school and then look for paid
employment. They find temporary jobs in urban areas and may return to the village during periods
of unemployment. They consequently spend little time in the learning environment and are poorly
implicated in subsistence activities, which may contribute to weakening their LEK. Conversely,
young women go to primary and sometimes secondary school, but then settle back in their family
before being married. They then contribute to livestock tending and other subsistence activities
within the learning environment. This phenomenon may explain the gap of knowledge between
young men and young women.

Additionally, traditional semi-nomadic grazing is poorly considered by settlers, because of its
harshness and low profitability and because it prevents children from acquiring formal education.
The overall conservation of LEK in this region, and in dryland agro-pastoral societies in general, is
thus in question. As observed by Hobbs et al. (2014) in the Eastern Sahara, “those who settle lose
their desert knowledge, become poor, and find themselves unable to fall back on to the security
provided by traditional knowledge and skills”. If young generations in dryland societies forget
LEK, they will narrow their flexibility as they will not be able to go back to a pastoral lifestyle, and
thus will reduce their adaptive capacity (Berkes et al., 2000). On the other hand, Volpato and Puri
(2014) observed a phenomenon of LEK dormancy resulting from (1) exclusion from the learning
environment, (2) formal education and (3) a shift in cultural values, favoured by the mass media.
They nevertheless suggest in a more dynamic perspective that LEK may be revitalized through a
return into the learning environment and by means of vertical and horizontal transmission.
Homogenous LEK distribution patterns and still living key informants may be beneficial to such
renewal, but it would also require the local re-involvement and interest of people in traditional
activities. This is challenged in drylands by a regressive environmental discourse blaming
pastoralists for desertification (Davis, 2005) and the paucity of integrated policies designed to
support or to act together with agro-pastoral activities. At the same time, LEK is considered by
scientists as particularly crucial to complete our understanding of drylands and to help to better
conserve these vulnerable ecosystems (Reynolds et al., 2007). This worrisome gap between
practitioners’ and scientists’ representations regarding traditional societies, activities and their

effects on the environment is not new. But sharing results for some and concern for others may be a



first step towards more integrated actions towards both nature conservation and also people’s

welfare and development.

5. Conclusion

In the last decades, substantial changes in livelihoods have occurred for human populations in
drylands. These changes include sedentarization, the dismissal of traditional subsistence activities
and growing contact with the market economy, and have led to structural and functional alterations
of the socio-economic sphere. Nevertheless in South-Western Morocco, rural people are still
somehow implicated in agro-pastoral activities and have conserved a substantial knowledge of
nature. People tend to value plants that are more useful and more easily available, which
corresponds to the “opportunistic” behaviour pattern observed for nomad pastoralists (Salzman,
2002). In addition, this study showed a relative intracultural homogeneity of LEK, allowed by the
wide circulation of knowledge between people. As LEK systems are embedded in larger social
systems (Berkes et al., 2000), this homogeneity may be rooted in the system of social norms based
on reciprocity and exchange that characterizes human societies in drylands (Niamir-Fuller, 1999).
Furthermore, the homogeneity may ensure the global resilience of LEK systems in the face of
context changes by limiting the risk of cultural oscillations. However, the transmission of LEK to
the youngest dryland generations may be challenged by a permanently-settled lifestyle and a
disconnection with the learning environment. In a context of uncertainty, losing LEK may be highly
damaging in narrowing the livelihood options for this population. Revitalizing LEK may
consequently be of crucial importance for dryland populations’ resilience and their adaptive

capacity, which may involve supportive politics in favour of an agro-pastoral mobile lifestyle.
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Appendix A: Informants’ socio-economic data. “Years in tent” column refers to the lifetime spent

as semi-nomadic pastoralist.

Years in

Informant Gender  Age Marital statute Children Main occupation tent
ETH1H Male 62 Married 4 Worker 22
ETH2F Female 41 Married 5 Housewife 20
ETH3H Male 27 Single 0 Worker 0
ETH4H Male 45 Married 3 Worker 12
ETH5F Female 56 Single 0 Housewife 30
ETH6F Female 21 Widowed 1 Co-op worker 0
ETH7F Female 72 Married 3 Housewife 32
ETH8H Male 25 Single 0 Worker 0
ETH9H Male 90 Married 3 Retired 67
ETH10H Male 76 Married 8 Worker 33
ETH11H Male 58 Married 2 Worker 19
ETH12H Male 42 Married 0 Worker 0
ETH13H Male 43 Married 3 Worker 0
ETH14H Male 20 Single 0 Student 0
ETH15H Male 55 Married 3 Worker 19
ETH16H Male 37 Married 0 Shopkeeper 0
ETH17F Female 81 Married 3 Housewife 62
ETH18H Male 43 Married 3 Breeder 24
ETHI19F Female 37 Single 0 Co-op worker 0
ETH20F Female 57 Widowed 4 Co-op worker 40
ETH21H Male 57 Married 6 Retired 19
ETH22F Female 44 Married 5 Co-op worker 15
ETH23F Female 47 Married NC Housewife 8
ETH24F Female 71 Widowed 7 Housewife 32
ETH25F Female 47 Married 4 Co-op worker 24
ETH26H Male 60 Married 6 Worker 29
ETH27H Male 63 Married 6 Businessman 20
ETH28H Male 28 Single 0 Worker 0
ETH29H Male 28 Single 0 Worker 0
ETH30H Male 58 Married 5 Businessman 20
ETH31F Female 58 Widowed 3 Housewife 21
ETH32F Female 41 Single 0 Co-op worker 18
ETH33F Female 48 Married 5 Co-op worker 22
ETH34F Female 33 Single 0 Co-op worker 16
ETH35F Female 25 Single 0 Co-op worker 0
ETH36F Female 58 Married 3 Housewife 40
ETH37F Female 28 Single 0 Shopkeeper 0




Appendix B: List of the plant species cites by informants, ranked by Smith Salience index score, as

associated frequencies and reported use values (RU).

Smith

Local name Scientific name Authority Botanical family index Freq. RU
calh Acac_ia tortilis subsp. _ _
S raddiana (Savi) Brenan Leguminosae 0,833 97% 10
argan Argania spinosa (L.) Skeels Sapotaceae 0,716 97% 3
remt Hammada scoparia (Pomel) Iljin Amaranthaceae 0,614 78% 6
mulbeina Launaea arborescens (Batt.) Murb. Compositae 0612 78% 3
kerkaz Diplotaxis spp. DC. Brassicaceae 059 89% 0
gahwan Chrysanthemum spp. Compositae 0,539 81% 0
sder Ziziphus lotus (L)) Lam Rhamnaceae 0,510 81% 2
gendal Convolvulus trabutianus Schweinf. & Muschler ~ Convolvulaceae 0426 60% 1
kherdeg Lycium intricatum Boiss. Solanaceae 0421 62% 2
sbat Stipagrostis pungens (Desf.) de Winter Poaceae 0,379  92% 2
mrekba Panicum turgidum Forssk. Poaceae 0,368 70% 3
rtem Retama raetam (Forssk.) Webb Leguminosae 0,316 60% 1
sedra-lI-beida Farsetia aegyptia Turra Brassicaceae 0,305 46% 1
garsa Limonium sinuatum (L.) Mill. Plumbaginaceae 0,290 57% 1
afasas o Benthem ex Benth. & _

Warionia saharae Coss. Compositae 0,264 54% 3
hebalya Heliotropium bacciferum Forssk. Boraginaceae 0,253 46% 0
hara Eruca vesicaria (L.) Cav. Brassicaceae 0,253  65% 0
jefna Gymnocarpos decander Forssk. Caryophyllaceae 0,250 43% 1
daghmas Euphorbia_ officinarum _ _

subsp. echinus (Hook.f. & Coss.) Vindt Euphorbiaceae 0,239 38% 1

- Podospermum laciniatum (Guss.) Gemeinholzer &

gharima subsp. decumbens Greuter Compositae 0,234  46% 0
tafsa Astericus graveolens (Forssk.) Less. Compositae 0,233 35% 1
gertifa Brocchia cinerea (Delile) Vis. Compositae 0214 41% 0
k’ailt-1-khell | avandula coronopifolia Poir. Lamiaceae 0212 43% 3
khubuiza Malva parviflora L. Malvaceae 0,188 38% 1
chih Artemisia sp. L. Compositae 0,186 38% 4
tasra Salsola vermiculata L. Amaranthaceae 0,172  35% 1
njem Cynodon dactylon (L.) Pers. Poaceae 0,168  46% 0
halab Periploca laevigata Aiton Apocynaceae 0,165 30% 2
tazya Asphodelus tenuifolius Cav. Xanthorrhoeaceae 0,141  30% 1
henzab Emex spinosa (L.) Campd. Polygonaceae 0,141 32% 0
rikum Traganopsis glomerata Maire & Wilczek Amaranthaceae 0,138 22% 1
demban Caylusea hexagona (Forssk.) M.L. Green Resedaceae 0,137 35% 1
hemuida Rumex vesicarius L. Polygonaceae 0131 35% 1
hedej Citrullus colocynthis (L.) Schrad. Cucurbitaceae 0,122 30% 3
deza Aizoon canariense L. Aizoaceae 0,120 22% 0
chdida Ephedra alata Decne. Ephedraceae 0120 22% 1
tabazwagt Morettia canescens Boiss. Brassicaceae 0,109 22% 0
atil Maerua crassifolia Forssk. Capparidaceae 0,106 22% 4
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Forsskaolea tenacissima

Trigonella anguina
Ajuga iva

Anastatica hierochuntica

Searsia tripartita
Stipa capensis
Euphorbia calyptrata
Asparagus sp.
Medicago sp.
Matthiola maroccana

Ammodaucus leucotrichus

Tamarix sp.
Calendula maroccana
Glossonema boveanum

Caralluma retrospiciens

Anvillea garcinii subsp.
radiata

Echium horridum

Cleome amblyocarpa
Kleinia anteuphorbium
Limonium sinuatum
Pergularia tomentosa
Calotropis procera
Paronychia argentea
Lotus jolyi

Ceratolimon feei

Picris asplenioides
Volutaria crupinoides
Salsola longifolia

Thymus spp.
Calendula spp.
Carrichtera annua
Plantago spp.
Matthiola maroccana
Fagonia cretica
Launaea mucronata
Sarcocornia fruticosa
Commiphora africana
Atriplex halimus
Helianthemum lippii
Salvia aegyptiaca
Neurada procumbens
Eryngium illicifolium
Ogastemma pusillum

L.

Delile

(L.) Schreb.

L.

(Ucria) Moffett
Thunb.

Coss. & Kralik

Coss.
Coss.

(Ball.) Ball
(Decne.) Decne

(Ehrenb.) N.E.Br.
(Coss. & Durieu)
Anderb.

Batt.

Barratte & Murb.
(L.) Haw.

(L.) Mill.

L.

(Aiton) Dryand.
Lam.

Batt.
(Girard) M.B.Crespo &
Lledo

L.
(Desf.) Cass. ex Maire
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L.
L.
(L) DC.

Coss.

L.

(Forssk.) Muschl.
(L.) AJ. Scott
(A.Rich.) Endl.
L.

(L.) Dum. Cours
L.

L.

Lam.

(Coss. & Durieu ex

Urticaceae
Leguminosae
Lamiaceae
Brassicaceae
Anacardiaceae
Poaceae
Euphorbiaceae
Asparagaceae
Leguminosae
Brassicaceae
Apiaceae
Tamaracicaceae
Compositae
Apocynaceae
Apocynaceae

Compositae
Boraginaceae

Cleomaceae
Compositae
Plumbaginaceae
Asclepiadaceae
Apocynaceae
Caryophyllaceae
Leguminosae

Plumbaginaceae

Compositae
Leguminosae
Amaranthaceae

Lamiaceae
Leguminosae
Brassicaceae
Plantaginaceae
Brassicaceae
Zygophyllaceae
Asteraceae
Amaranthaceae
Burseraceae
Amaranthaceae
Cistaceae
Lamiaceae
Neuradaceae
Apiaceae
Boraginaceae

0,105
0,104
0,102
0,102
0,101
0,099
0,095
0,095
0,091
0,091
0,089
0,087
0,085
0,084
0,080
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0,078
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0,055
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0,049
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0,044
0,036
0,036
0,033
0,031
0,030
0,030

30%
27%
19%
22%
22%
30%
16%
14%
24%
16%
24%
22%
19%
24%
19%

22%
16%
14%
19%
14%
16%
16%
19%
14%
14%

16%

14%
11%
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8%
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11%
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awriwur
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kharibach

rebriba
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Astragalus sp.
Centaurea pungens
Fagonia sp.
Acacia gummifera

Convolvulus althaeoides
Asphodelus microcarpus

Acacia ehrenbergiana
Nerium oleander
Suaeda vermiculata
Terfezia ovalispora

Tetraena gaetula
Chenopodium murale
Balanites aegyptiaca
Salsola foetida

Launaea capitata
Deverra scoparia
Tamarix sp.
Rosmarinus officinalis

Crotalaria saharae
Foeniculum vulgare
Volutaria lippii

Launaea nudicaulis
Cyperus sp.

Stipagrostis plumosa

Peganum harmala
Ricinus communis

Beta patteralis
Scorzonera undulata
Lotus glinoides

Eremobium aegyptiacum

Brocchia cinerea
Lavandula angustifolia

Bonnet & Barratta)
Brummitt

Pomel

Willd.

L.

Salzm. & Viv.
Hayne

L.

Forssk. Ex J.F.Gmel.
Pat.

(Emb. & Maire) Beier &

Thulin

L.

(L.) Delile
Delile

(Spreng.) Dandy
Coss. & Durrieu

Coss.
Mill.
(L.) Cass. Ex maire

(L.) Hook f.

Munro ex T.Anderson

L.
L.

Moqg.
Vahl
Delile

(Spreng.) Asch. Ex
Boiss.

(Delile) Vis.
(DC.) Guinea

Leguminosae
Compositae
Zygophyllaceae
Leguminosae

Convolvulaceae

Xanthorrhoeaceae

Leguminosae
Apocynaceae
Amaranthaceae
Terfeziaceae

Zygophyllaceae
Amaranthaceae
Zygophyllaceae
Amaranthaceae

Compositae
Apiaceae
Tamaracicaceae
Lamiaceae

Leguminosae
Apiaceae
Compositae

Compositae
Cyperaceae

Poaceae

Zygophyllaceae
Euphorbiaceae

Amaranthaceae
Compositae
Leguminosae

Brassicaceae

Compositae
Lamiaceae

0,030
0,029
0,028
0,028
0,026
0,026
0,026
0,024
0,023
0,023
0,023

0,023
0,023
0,022
0,022
0,021
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0,021
0,021
0,021
0,020
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0,019

0,019
0,019
0,019
0,019

0,018
0,018
0,018
0,018

0,017
0,017
0,017
0,017

0,016
0,014
0,014
0,014
0,014

11%
11%
11%
8%
5%
8%
5%
5%
8%
3%
3%

5%
11%
8%
3%
3%

5%
5%
3%
5%
3%
5%
3%
5%
3%

5%

5%

5%
11%

3%
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fernan
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khniniza
ibsis-n’dj
sb’d-1-‘abt
‘aneb-d-dib
timkilt
akhir dib

smar

kerkaz-I-
khaiba

greizni
askaf
tifaf
blchwika

raret-1-erneb
seliane

subsp. pyrenaica

Lupinus digitatus

Adenocarpus cincinnatus

Reseda sp.

Diplotaxis spp.
Euphorbia granulata

Androcymbium gramineum

Aizoon spp.

Vicia sativa

Linum usitatissimum
Polypogon maritimus

Gymnocarpos sclerocephalus
Haplophyllum sp.

Kickxia aegyptiaca
Artemisia reptans

Albuca amoena
Euphorbia regis-jubae

Plocama reboudiana
Trichodesma calcaratum

Ifloga spicata
Solanum nigrum

Juncus maritimus

Diplotaxis spp.

Nucularia perrinii
Sonchus spp.

Forssk.

(Ball) Maire

L.

DC.
Forssk.

(Cav.) J.F.Macbr.

L.
L.

Willd.
(Decne.) Dahlgren &
Thulin

A. Jussieu

(L.) Nabelek

C.Sm. Ex Link
(Batt.) J.C.Manning &
Goldblatt

J.Gay
(Coss. & Durieu)
M.Backlund & Thulin

Coss. & Batt.

(Forssk.) Sch.Bip.
Mill.

Lam.

DC.

Batt.

Leguminosae

Leguminosae

Resedaceae

Brassicaceae
Euphorbiaceae

Colchicaceae

Aizoaceae
Leguminosae
Linaceae
Poaceae

Caryophyllaceae
Rutaceae

Plantaginaceae
Compositae

Asparagaceae
Euphorbiaceae

Rubiaceae
Boraginaceae

Compositae
Solanaceae

Juncaceae

Brassicaceae

Amaranthaceae
Compositae

0,013
0,012
0,012
0,012
0,011
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0,008
0,008
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0,007
0,007
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0,007
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0,007
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0,006
0,005

0,005
0,005
0,005
0,005
0,005
0,004
0,004
0,004
0,003

0,003
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0,001
0,001
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