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Sample Size Affect Ethnobotanical Index ~ Ethnobotanical indices are widely used to quantify cultural importance of
Values: Bootstrap as a Remedial Approach.  plants in social studies. This study aims to show users of ethnobotanical in-
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dices the effect of sample variation and what methodological approach can be
used to circumvent the problems related to sample variation. The methods

used are to write an algorithm and used to simulate different sample sizes
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approach into account in order to calculate more precise ethnobotanical in-
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1. Introduction

The concept of quantitative ethnobotany is relatively new and was introduced in
1987 by Prance and coworkers [1]. Quantitative ethnobotany may be defined as
“the application of quantitative techniques to the direct analysis of contemporary

plant use data” [2] [3]. Quantification and associated hypothesis testing help to
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generate quality information, which in turn contributes substantially to resource
conservation and development [4]. Quantitative ethnobotany is very useful for
making decisions about the sustainable use of plant resources [5] [6]. Recent stu-
dies have increasingly analyzed ethnobotanical aspects of plants with the use of
ecological indices. The use of ecological indices in ethnobotany dates back to 1980
[7] with the paper of Phillips and Gentry on cultural value indices [2] [3]. Since the
introduction of these indices, other studies have proposed various ethnobotanical
indices often for the same purpose thus creating an embarrassment of choice and a
confusion for the users [8] [9] [10] [11] [12].

Despite their widespread usage, these ethnobotanical indices may be abused.
Like ecological indices, ethnobotanical indices are statistics calculated from a sam-
pled data from a population and used to make conclusions about the population
[13]. In most cases, scientists decide the sample size using an acceptable sampling
technique. However, the values of the indices calculated can depend on the sample
size, and in this case the conclusion about the population can be biased. This is a
major problem in quantitative ethnobotany needing solutions.

In our knowledge, there are very few studies dealing with this research gap in
quantitative ethnobotany. Begossi evaluated the sampling effort on the diversity of
the plants used by local people [14]. This author examined how many informants
should be enough to analyze the diversity of plants used in a population. He found
that, plants diversity varies according to the sample size considered.

The present study proposes bootstrapping as an approach to compute stable
indices in quantitative ethnobotany. Bootstrapping, first introduced by Efron and
Tibshirani, is an accepted and widely used technique for deriving a larger sample
size [15]. The method’s general concept is to re-sample the original sample taken
from the population a large number of times, with statistical inference based on
the effects of the samples thus collected. The data used for the simulation of the
ethnobotanical indices in the present study are relative to the uses of Jatropha
curcas L. by the local people of Benin (West Africa). According to Maes et al, /.
curcasis the most promising species as a sustainable option for biofuels [16]. It is
a shrub of the family of Euphorbiaceae, native to Central America. In Benin, /.
curcasis found throughout the country [17]. It produces seeds containing up to
35% oil easily convertible into biodiesel [18]. This oil has been found to be useful
for medicinal and veterinary uses as an insecticide, and for soap production [19].
The other organs of the species are used in the pharmacopoeia due to their many
therapeutic virtues [17]. This study aimed at: i) evaluating the effect of sampling
effort on index values in quantitative ethnobotany, and ii) using the most stable

indices to analyze the sociolinguistic differences in use value of J. curcas.
2. Material and Methods

2.1. Material
2.1.1. Theory of Bootstrap

The general principle of bootstrap method is the resampling of a large number
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of times (1) a sample initially taken from a population [20]. Parameter estima-
tion and statistical inference are then based on the results of the bootstrapped
samples obtained.

The best known application of the bootstrap is to estimating the mean, u say,
of a population with distribution function F, from data drawn by sampling ran-

domly from that population. The mean is:
U= I xdF (x) (1)

The sample mean is the same functional of the empirical distribution func-

tion, Ze. of
Zn: (X, <x) (2)

where X,,---, X, denote the data. Therefore the bootstrap estimator of the pop-
ulation mean, g, is the sample mean, X :

n

DX 3)

i=1

)?:j'xdlf(x):

=

Likewise, the bootstrap estimator of a population variance is the correspond-
ing sample variance; the bootstrap estimator of a population correlation coeffi-
cient is the corresponding empirical correlation coefficient; and so on.

More generally, if 0, = (9( F) denotes the true value of a parameter, where ¢

is a functional, then
0=0F(8) (4)

is the bootstrap estimator of 6.

Parametric (simulation), semi-parametric (adding noise) and nonparametric
bootstrap (resampling) are the three variants of bootstrap. These variants differ
in the way the sample is drawn from the population data. In contrast to nonpa-
rametric and semi-parametric bootstraps, the parametric bootstrap assumes that
the data comes from a known distribution of unknown parameters (for example,
data may come from Poisson or negative binomial distributions for counts, or
normal distribution for continuous characters). Three methods of bootstrap are
used to draw sampling from population: Ordinary, Balanced, and Moving Block
Bootstraps. In ordinary bootstrap, the bootstrap samples are drawn by a simple
random sample, with replacement, from the values in the approximated popula-
tion. The number of bootstrap for accurate estimation of the standard errors va-
ries from 50 to 1000 while 1000 or more bootstrap samples are recommended to
calculate the confidence intervals [15]. In this study, 1000 was considered ap-

propriate to obtain desired results.

2.1.2. Framework of the Bootstrap
Many statistical problems can be represented as follows: given a functional f,
from a class { fite z’} , we wish to determine the value of a parameter ¢ that

solves the population equation,
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E{(f,(Fp.F)IR)} =0 (5)

where F; denotes the population distribution function and F = F s the em-
pirical distribution function, computed from the sample X = X,,---, X .
The basic steps in the bootstrap procedure are [15]:

e Step 1. Construct an empirical probability distribution, F,, from the sample
by placing a probability of 1/n at each observed value x,---,X, of the sample.
This is the empirical distribution function of the sample, which is the nonpa-
rametric maximum likelihood estimate of the population distribution, £

e Step 2. From the empirical distribution function, F,, draw a random sample
of size n with replacement. This is a resample.

e Step 3. Calculate the statistic of interest, T_, for this resample, yielding T, .

o Step 4. Repeat steps 2 and 3 B times, where B is a large number, in order to
create B resamples. The practical size of B depends on the tests to be run on
the data. Typically, Bis at least equal to 1000 when an estimate of confidence
interval around T, is required as in this study.

e Step 5. Construct the relative frequency histogram from the B number of T
by placing a probability of 1/Bat each point, T,*,T.?,---,T"® The distribution
obtained is the bootstrapped estimate of the sampling distribution of T, . This
distribution can now be used to make inferences about the parameter, which

is to be estimated by T, .

2.1.3. Ethnobotanical Indices

According to Phillips, quantitative ethnobotany is the application of quantitative
techniques to analyze plant use data [21]. These methods can be used to answer
the question: how important is species, or plants to people? Quantitative ethno-
botany gives a response on the Relative Cultural Importance (RCI) of plants and
vegetation to people [22]. The most used technique by ethnobotanists to assess
the RCI of plants is the calculation of an ethnobotanical index. In function of
RCI, ethnobotanical indices can be grouped and divided into three categories
[3]: Informant consensus, subjective allocation, and uses totaled. The Informant
consensus approach is the most used in quantitative ethnobotany [23] [24]. The
indices considered in this study are selected from the informant consensus ap-
proach (Table 1). They are defined to determine the number of interviewees
who use a given species and the distribution of the use among the interviewees
(ID), to measures the degree of homogeneity of the interviewee’s knowledge
(IE), and to measures the importance of the use categories of the species and

their contribution to the total use value (UE).

2.1.4. Case Study

In total, 44 localities were surveyed at a rate of four per Department of Benin
except the Department of Littoral where the agricultural production systems are
almost non-existent. The sample size (704) for this study was calculated using
the standard approximation of the binomial distribution [26], with a margin er-

ror of 3% and a proportion of individuals who had previously used the organs of
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J. curcas of 79.17% (obtained from an exploratory study). So, ethnobotanical
surveys were conducted among 704 respondents (individual). The respondents
were randomly selected from each locality and the data collected from each res-

pondent concerned the use forms of J. curcas.

2.2. Methods

2.2.1. Simulation Approach
The sampling distribution of each ethnobotanical index (Table 1) was studied by
simulation using Matlabv: 2011. The initial sample was a binary matrix of 704
lines representing the respondents and 10 columns representing the different use
forms. The knowledge of a given use form was coded 1 and 0 otherwise. The al-
gorithm for characterizing the distribution of the ethnobotanical indices consi-
dered is illustrated below:

Step 1. From the initial sample x of 704 interviewees, one bootstrapped sample
X', of size n, was obtained by simple random sample with replacement;

Step 2. Compute four ethnobotanical indices bootstrapped ID*, IE*, UD* et UE*;

Step 3. Step 1 and 2 are repeated 1000 times and the average values of the four
ethnobotanical indices were computed;

Step 4. Step 1 to 3 were repeated for 200 different values of sample size 1 be-
tween 50 and 10,000 in increments of 50;

Step 5. Computed position (mean, median, 1** quartile, 3¢ quartile, minimum,

maximum) and dispersion (standard deviation) parameters for the 200 values of

Table 1. Ethnobotanical indices computed.

Parameters Formulas Main Values interpretation References
Interviewee diversity ID = —X[(nis/ris) log: (nis/ris)] Measures how many 0<ID<log: (n) (n= [25]
value (ID) nis = number of uses-citations by  interviewees used a given number of interviewees).
interviewee i; ris: total number of  species and how its uses are
uses-citations by interviewees distributed among the
interviewees
Interviewee IE = ID/IDmax; Measures the degree of 0<IE<1; [25]
equitability value =~ ID = Interviewee diversity homogeneity of the IE < 0.5,
(IE) Value; interviewee’s knowledge Heterogeneous knowledge;
IDmax = log2(n); n = total number IE > 0.5 Homogeneous
of interviewees) knowledge.
Use diversity value UD = —XPc*log:(Pc) Measures the importance of 0 < UDs < log: (p); [25]
(UD) Pc = tux/p the use categories and how  p = total number of
tux: number of indications they contribute to the total ~ indications recorded on the
recorded by category; p: total value of uses species
number of indications for all
categories.
Use equitability UE = UD/UDmax Measures the degree of 0<UE<; [25]
value (UE) UD = Use diversity value; homogeneity of knowledge UE < 0.5, Heterogeneous

UDnmax: Use diversity value
maximal. IDmax = loga(p); p = total

about use categories knowledge; UE = 0.5,

Homogeneous knowledge.

number of indications)
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each ethnobotanical index to characterize their empirical distribution; frequency
histograms of index values were also constructed;
Step 6. For each index, a trend line was constructed by considering the 200

index values as a function of the n-sample sizes considered.

2.2.2. Application to Assess the Ethnic Differences in Use Value of J. curcas
The 704 respondents were classified per sociolinguistic group (Bariba, Dendi,
Fon, Haoussa, Lokpa, Nago, Otamari, Peulh, Wama), age group, and gender.
Young people were those under 30 years, adults were those between 30 and 60
years, and old people were those over 60 years. For each category related to age,
gender or sociolinguistic group, the sample was scaled 1000 times with the same
size of 100 to eliminate the effect of sample size on the index values. The differ-

ent categories were compared using permutation variance analysis [27].

3. Results and Discussion

3.1. Simulation Results

3.1.1. Effect of Variation in Sample Size on the Ethnobotanical Index Values

The local people interviewed listed a total of ten uses for J. curcas, with medicin-
al and bioenergy uses predominating (Table 2). The characteristics of the sam-
pling distribution for the ethnobotanical indices are presented in Table 3. Fig-
ure 1 presents the simulated population values of the four ethnobotanical indic-
es considered. This figure shows that use diversity value (UD) (Figure 1(c)) and
use equitability value (UE) (Figure 1(d)) varied very little in function of the
number of respondents, with average values of 1.82 and 0.55, respectively. The
interviewee’s diversity (ID) (Figure 1(a)) and equitability (IE) (Figure 1(b)) be-
liefs, on the other hand, varied significantly depending on the number of respon-

dents considered. The interviewee’s diversity (ID) (Figure 1(a)) values ranged

Table 2. Ethnobotanical uses of J. curcas.

Uses % interviewees Relative frequency* (%)
Medicinal 98.44 64.11
Bioenergy 15.63 10.18

Hedge 14.49 9.44

Magical 14.2 9.25

Food 2.7 1.76

Cosmetic 2.27 1.48

Hobbies 1.99 1.3
Phyto-veterinary 1.85 1.2
Phyto-sanitary 1.7 1.11
Fertilization 0.28 0.19

*Total number of citations for each use divided by the total number of citations for all

uses.
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Table 3. Empirical parameters of the distribution of ethnobotanical indices related to /.

curcas.
Parameters ID IE UD UE
Mean 11.74 0.99 1.82 0.55
Standard of deviation 1.38 0.00 0.01 0.00
Minimum 5.52 0.98 1.74 0.55
Maximum 13.16 0.99 1.83 0.61
Q1 11.18 0.99 1.82 0.55
Median 12.16 0.99 1.82 0.55
Q3 12.74 0.99 1.82 0.55
80 120+ (b)
70
100f
> 60F B
o 2 80f
g > g
=2 =2
E 40¢ E 60k
30F
40
20
10+ 20F
0 b
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1IE
U ) 180f (d)
800} 160
7004 140
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3, 500 3
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100} 20
0 ; : - . 0 \ . i e
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UD UE

Figure 1. Simulated populations values of the 4 ethnobotanical indices considered.

from 5 to 13 on a scale of 1 to 13. The largest values of these indices are also
those with the highest frequencies in the simulated population (Figure 1). ID
(Figure 1(a)) was more sensitive to the sample size used, enabling only compar-
isons of various cases with the same number of respondents, partly supporting
Reyes-Garcia et al findings [11]. UD (Figure 1(c)) and UE (Figure 1(d)), on the
other hand, are less affected by sample size than ID (Figure 1(a)). These find-
ings back up previous findings in species ecology. In fact, Pielou’s fairness in

measuring the homogeneity of the distribution of species in a population does
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not depend on the number of species [28]. Furthermore, UD (Figure 1(c)) dis-
covered to be more sensitive to the number of uses considered than to the size of
the respondents, which explains its relative low variance as the size of respon-

dents increases.

3.1.2. Determination of the Minimal Sample Size for the Stability of the
Indices

Figure 2 presents the evolutionary trend of the four ethnobotanical indices con-
sidered in function of the samples size. The value of the interviewee’s diversity
(ID) (Figure 2(a)) increases steadily with the sample size while the other three
indices have a plateau starting from characteristic values. For interviewee equi-
tability (IE) (Figure 2(c)), the maximum value (0.99) was noted around 1000
interviewees (greater than the study sample size) while for the use diversity (UD)
(Figure 2(b)), the maximum value of 1.82 was obtained for a sample size of 750
(slightly higher than the study sample size of 704). The same trend was noted for
the use equitability (UE) (Figure 2(d)).

3.2. Application Results: Ethnic Differences in Use Value of J. curcas

The analysis of variance with permutation showed significant difference between
age-sex categories for all indices (P value < 0.05; Table 4). A high difference of
knowledge was noted for adult people (man and women) compared to other
age-sex groups (Table 4). The knowledge of adults on /. curcas was more ho-
mogeneous than the other age sex groups (IE = 0.98; see Table 1 for interpreta-
tion of the indices). Considering the UE index, we noted that there is a better
homogeneity of knowledge about use categories of /. curcas among old people,

in particular old women (UE = 0.716).

(b) 1.84
1.82
0 1.8
8 1.78 -
6 g 1.76
4 <; 1.74
2 | 1.72
0 ‘vn"v'n"'mrn"v"""nmrvm'n"""rr"n"n"l"mn"v 1.7 TR TN TNy L] TIINITIE I I eI Tem
CO0000OOOOOODDDOD SO0 D
mumumuvmumumumumuumununmunumumuymunmumuym nVununmunmuvmuumuvmumumumuwmwmunmunme,m
CNOFOONRNFTOONNT OO N~ AN ONO T — ™
S NRATFTH OO0 R N S~ NNATTNORN RS
Number of interviewees Number of interviewees
(c) 1.00 (d 82%
| 059
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Figure 2. Evolutionary trend of ethnobotanical indices as a function of sample size.
DOI: 10.4236/0japps.2022.1211121 1765 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2022.1211121

G. D. S. J. Charlemagne et al.

There was significant difference between socio-cultural groups for all indices
(Pvalue < 0.05; Table 5). We noted a high diversity of knowledge for Fon compared
to other socio-cultural groups. Moreover, the knowledge of Nago on /. curcas

was more homogeneous than the other socio-cultural groups (IE = 0.981).

Table 4. Mean (m), standard of deviation (s) and probability values of ethnobotanical in-

dices in function of gender.

Categories ID Ub UE
Age-sex m s m s m $ m $

AW 194 7.465 0.018 0.983 0.002 1.844 0.131 0.582 0.048
AM 219 7.676 0.015 0987 0.002 1.290 0.173 0.460 0.065
YM 50 5.547 0.021 0.983 0.004 1.458 0.326 0.564 0.110
YW 103 6.574 0.018 0.983 0.003 1.438 0.158 0.619 0.091
ow 62 5.834 0.032 0.980 0.005 2.268 0.234 0.716 0.066
oM 76 6.104 0.032 0.977 0.005 2.052 0.237 0.647 0.073

Global 704 9.329 0.009 0960 0.001 1.825 0.087 0.549 0.029
Prob. 0.001 0.001 0.001 0.001

ID = interviewee diversity index; IE = interviewee equitability index; UD = use diversity
index; UE = use equitability index. AW: Adult women; AM: Adult man; YM: Young man;
YW: Youn women; OW: Odl women; OM: old man.

Table 5. Mean (m), standard of deviation (s) and probability values of ethnobotanical in-

dices in function of socio-cultural groups.

ID UD UE
Ethnic N
m s m ] m s m s
Bariba 50 5,506 0.032 0.976 0.006 1.810 0.178 0.662 0.071
Berba 41 5.249 0.043 0980 0.008 1.182 0.298 0.531 0.094
Dendi 25 4.549 0.033 0.980 0.007 0.946 0.317 0.539 0.108
Fon 363 8.376 0.011 0.985 0.001 1.837 0.133 0.580 0.050
Haoussa 7 2.513 0.077 0972 0.027 0.905 0.485 - 0.020
Lokpa 28 4.707 0.038 0.979 0.008 1.296 0.258 0.626 0.110
Nago 133 6.921 0.023 0981 0.003 1.801 0.179 0.553 0.057
Otamari 32 4.886 0.047 0.977 0.009 1.463 0.365 0.675 0.095
Peulh 8 2.733 0.091 0973 0.033 1.015 0.760 - 0.020
Wama 17 3.973 0.020 0972 0.005 2.031 0427 0.742 0.141
Global 704 9.329 0.009 0960 0.001 1.825 0.087 0.549 0.029
Prob, 0.001 0.001 0.001 0.001

ID = interviewee diversity index; IE = interviewee equitability index; UD = use diversity

index; UE = use equitability index.
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Regarding the use diversity and the use equitability, the highest values of the in-
dices were obtained by the Wama socio-cultural groups. The people knowledge
on the uses of /. curcasis very homogeneous (IE index close to 1) and can be ex-
plained by the fact that the uses of the plant are very little diversified and are
transmitted from several generations. As a result, the new generations share the
same knowledge about the plant. Moreover, the present study revealed that the
index of interviewee’s diversity (ID) linked to J. curcas varies significantly ac-
cording to age-sex and of the interviewed, unlike the results obtained with Vitex
doniana [29], and also varies between the sociolinguistic groups of the people
surveyed as for Parkia biglobosa [30] and Adansonia digitata [31].

4. Conclusion

This study shows that the bootstrap is one statistical tool that can help avoid the
effect of sample size on the estimation of ethnobotanical indices. The high the
sample size, the more accurate and stable the estimation of ethnobotanical in-
dices. We recommend that scientists consider the results of this study to better

appreciate the cultural importance of plant species.
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