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Abstract 

It is essential to measure biodiversity to determine the stability of a community of species. A good 

measure gives precise, reliable, and efficient information about the community structure. This study 

was conducted to evaluate the statistical properties and test some alpha diversity indices' efficiency 

through a bootstrap resampling. The available birds' data were being applied in some alpha diversity 

indices. Moreover, the Shapiro-Wilk test is being used to test the normality of the index. All indices 

analyzed have p-values higher than the alpha level of significance (α=0.05), indicating that the 

index's bootstrap sampling distribution is normally distributed. Mostly, all indices are consistently 

efficient at large sample sizes. The Menhinick richness index is more efficient in measuring birds' 

species richness since it has the smallest means squared error (MSE) values. Among the diversity 

indices studied in this paper, Simpson's diversity index generated smaller mean squared error (MSE) 

values; thus, it is a more efficient diversity index in measuring birds' diversity. The Shannon 

evenness index is more efficient among the five evenness indices in measuring species evenness of 

birds because it provides the smaller MSE values. 
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Introduction 

Efficiency is a measure of an estimator's quality, and it can be measured by empirically comparing 

variations of relative values of several possible estimators (Nikulin, 1994). A good estimator 
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provides a close estimation of the parameter that is being estimated and produces an estimate that 

has the quality of being efficient. Efficiency will serve as a basis to select an estimator that will 

closely capture the real scenario. An estimator that has a smaller variance would be preferred to be 

more efficient. The lower the estimator's variation, the more efficient the distribution of the 

estimator around the parameter being estimated (Trapani & Horvat, 2016). It is necessary to 

measure the efficiency of an estimator to determine the most accurate estimates for given statistical 

procedures and to evaluate the quality of an estimate when it is used to represent the whole sample 

or in making an inference about the unknown parameters (Fisher, 1921; Rao, 1962).  

Efficiency can also be measured in biodiversity. In this study, diversity indices will serve as 

estimators, and these indices' efficiencies will be measured. Biological diversity, commonly known 

as biodiversity, is the scientific term for the diverseness of life on Earth. It also composes all living 

organisms from all sources, including wildlife, marine, and forests (Chivian & Bernstein, 2010). In 

ecology, a diversity index is a statistic that is used to quantify the species diversity in an ecosystem.  

These indices measure the number of different species present and the abundance of each species.  

They also give meaningful information about a species' commonness and rarity in a specific 

community (Gross et al., 2019). Biodiversity can be measured and monitored at three spatial scales, 

namely, alpha diversity, beta diversity, and gamma diversity. This study focuses on alpha diversity. 

Alpha diversity can be measured according to species richness, species evenness, or species 

diversity (Launchbaugh, 2009).  

Species richness refers to the number of species present in a particular area or a community (Brown 

et al., 2007). Species evenness is the equitability in the distribution of individuals among species 

(Odum, 2000). Moreover, species diversity involves both richness and evenness of species (Krebs, 

1999). The standard alpha diversity indices used nowadays are the Shannon index, Simpson index, 

and Berger-Parker index. Biologists have been extraordinarily innovative and proposed a large 

number of diversity indices. It is significant to understand the proper use of these measurements or 

indices by looking at its assumptions, different properties, and how they behave when it is applied 

on a particular community (Gross et al., 2019). It is essential to analyze and determine some alpha 

diversity indices' efficiency since an efficient index provides more reliable, precise, and informative 

results. This means that one can determine which diversity index is appropriate for a particular 

species or community structure.  

To compare the efficiency of indices using bootstrap resampling, this study was conducted. 

Bootstrap resampling is a recently developed technique in making certain statistical inferences that 

require modern computer power to simplify intricate calculations of traditional statistical theory. 

Bradley Efron introduced it in 1979 and a very general sampling procedure for estimating the 

distributions of statistics based on independent observations. Moreover, bootstrap resampling is 

shown to be successful in many situations, which is being accepted as an alternative to the 

asymptotic methods (Efron & Tibshirani, 1993). 

The study's main objective was to measure the efficiency of some alpha diversity indices using 

bootstrap inference on bird data. Specifically, it aimed to compute actual values of the different 

indices using avifauna or birds data and conduct and analyze simulation study to measure some 

alpha diversity indices' efficiency using bootstrap resampling. 
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Material and methods 

Bootstrapping for Biodiversity Indices 

In measuring the efficiency of the identified alpha diversity indices, the bootstrap simulation was 

conducted to the bird's data, as shown in figure 1. The data used in this study was extracted from 

the paper of Donna Mariel T. Calimpong and Olga M. Nuñeza entitled "Avifaunal Diversity of 

Bega Watershed, Prosperidad, Agusan del Sur." This set of data contains 83 species of birds, and 

it has 582 individuals. Five hundred eighty-two (582) individuals of birds were bootstrapped 

following the sample sizes, and several resamples used in this study. This study's sample sizes are 

10, 30, 65, and 95; each having resamples of 50, 500, and 1000. Each sample and resample is used 

to solve the values of the different alpha diversity indices, and the corresponding mean, standard 

deviation, and mean squared error was calculated. 

Also, it is necessary to test the normality of the sampling distribution of the bootstrap estimates. 

Shapiro-Wilk test is being applied to test the normality of the bootstrap estimates. This is necessary 

since the bootstrap estimates can only be meaningful when its sampling distribution is normal. 

To evaluate the bootstrap estimates' efficiency, the mean squared error (MSE) is being considered. 

Mean squared error is used to compare the effectiveness of the estimators. If the mean squared error 

value is low, both its bias and variance are low; then an estimator is said to be efficient. 

 

 

Figure 1. Bootstrap procedure for biodiversity Indices Flowchart 

 

Results 

Species Richness Measures 

Figure 2 shows the bootstrap estimates of the species richness indices of Margalef and Menhinick. 
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Using the Shapiro-Wilk test, both Margalef and Menhinick richness indices are normally 

distributed since they produced p-values higher than the level of significance α=0.05 (See Table 

A.1). 

In comparing the MSE values of both indices, the Menhinick richness index generated smaller MSE 

values than Margalef, considering every combination of sample and resample. This result also 

indicates that Margalef richness index produces larger variation when the sample size is small, 

making it sensitive to smaller sample sizes. Thus, the Menhinick richness index is more efficient 

in measuring the species richness of birds. 

 

 

Figure 2. Bootstrap estimates for species richness indices 

 

Species Diversity Indices 

Figure 3 shows the bootstrap estimates of the diversity indices of Shannon, Simpson, and Berger-

Parker. Using the Shapiro-Wilk test, Shannon, Simpson, and Berger-Parker diversity indices are 

normally distributed since they produced p-values higher than the level of significance α=0.05 (See 

Table A.1). 

By comparing the MSE among the three indices, the Simpson diversity index produces smaller 

MSE values. This result suggests that the Simpson diversity index provides more practical and 

appropriate information for measuring the diversity of species of birds. Furthermore, it can also be 



36| Journal of Wildlife and Biodiversity 5 (1): 32-39 (2021) 

 

noted from this result that the Shannon diversity index is sensitive to smaller sample sizes since it 

produces higher variations in smaller sample sizes. 

 

Figure 3. Bootstrap estimates for species diversity indices 

 

Species Evenness Indices 

Figure 4 shows the bootstrap estimates of the species evenness indices, namely, Shannon, Heip, 

Simpson, Hill's Ratio, and Modified Hill's Ratio. Using the Shapiro-Wilk test, the bootstrap 

estimates of these species evenness indices are normally distributed since each generated p-values 

greater than the level of significance α=0.05 (See Table A.1). 

In comparing the MSE of the species evenness indices, Shannon's evenness index generated smaller 

MSE values. This suggests that the Shannon evenness index is more efficient compared to the other 

identified species evenness indices. This result also indicates that Simpson, Hill's Ratio, and 

Modified Hill's Ration evenness indices are sensitive to sample size. They produce higher 

variations when the sample sizes are smaller. 

 

Discussion 

In measuring the species richness of birds, the result of this paper suggests that the Menhinick 

richness index is more efficient than the Margalef richness index. The Menhinick index will estimate 

the richness of birds' species more accurately compared to the Margalef richness index. According 
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to Antoney (2015), the Menhinick richness index assumes a relationship between the number of 

species and the number of individuals, and Menhinick values vary with samples containing different 

numbers of individuals. He stated that the Menhinick index would be useful in measuring the species 

richness of the avian community. Besides, according to Williams et al. (2005), the Menhinick index 

is easy to compute, but it is sensitive to sample size.  

 

 

Figure 4. Bootstrap estimates for species evenness indices 

 

On a different note, this paper also suggests that the Simpson diversity index provides more practical 

information and is appropriate for measuring the diversity of species of birds, since it produced a 

smaller degree of errors in the conducted simulation. According to Fontana et al. (2011), the 

Simpson diversity index emphasizes a community's evenness and being less sensitive to species 

richness. Their paper recorded the high impact of urbanization on the community composition of 

the avian community.  Moreover, the Simpson index is preferred compared to the Shannon diversity 

index since the Shannon index is more sensitive to sample sizes. The minimum sample size needed 

to compute the Simpson diversity index is 15-20 (Williams et al., 2005).  

Lastly, in measuring the evenness of birds' species, the Shannon evenness index generated the least 

errors compared to the other indices included in the simulation. This suggests that the Shannon 

evenness index is more efficient and will give more accurate estimates. According to Woldemariam 

(2018), the Shannon index is useful in measuring avifauna species' evenness. Besides, according to 

Redowan (2015), the Shannon evenness index accurately captured the right evenness of species, the 

spatial patterns they observed or the remotely sensed data agreed with the ground information.  
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Conclusion 

In this simulation, all of the bootstrap sampling distribution of the identified indices for species 

richness, diversity, and evenness are typically distributed, as shown in Table A.1. The bootstrap 

estimates of these indices were generated and compared. Among the species richness indices, 

Menhinick's richness index is the most efficient given that it caused the least errors among the other 

indices. While among the diversity indices under the study, Simpson's diversity index produced the 

least MSE values indicating that it is the most efficient index. Moreover, Shannon's evenness index 

is the most efficient among the identified species evenness indices since it produced the least errors. 

For future simulation studies, one may consider different datasets to validate this study's findings. 

One may also account for other diversity indices such as Brillouin, Camargo evenness index, 

Fisher's Alpha, and one may also use other simulation procedures like Jackknife resampling to 

evaluate the index empirically. 
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