
Do diversity indices, Firmicutes/Bacteroidetes ratios,  
and 16S rRNA gene tests, taken together,  

help determine biotic administration?

Abstract
The combined determination of diversity indices, Firmicutes/Bacteroidetes ratios, and 16S rRNA gene genetic testing could help determine 
the appropriate biotic for various health conditions. The combined determination of Shannon indices, Simpson diversity indices, Firmicutes/
Bacteroidetes ratios, and 16S rRNA gene genetic testing would aid in the management of gastrointestinal disorders. Therefore, understanding this 
process, and especially the composition of the bacterial community, will provide information on various health conditions and potential biotic 
management.

Furthermore, a specific understanding of the various functions of the gut microbiome is vital, including the breakdown of indigestible food particles 
and the production of vitamins B and K, which support the immune system. Therefore, understanding the balance of the different groups of 
microorganisms is crucial for maintaining homeostasis and preventing illness. 
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Introduction
The presence of the new super-organ, known as the Gut Microbiome 

(GM), has proven to be of enormous importance, as it is linked to 
numerous gastrointestinal disorders, and through the Firmicutes/
Bacteroidetes diversity index (IDF/B), we have been able to identify 
numerous problems. The microbiome was discovered by Antonie van 
Leeuwenhoek, a German scientist. We have learned that its evaluation 
is crucial in numerous gastrointestinal disorders. Firmicutes are 
mainly composed of Gram-positive bacteria, which also participate in 
the fermentation of complex carbohydrates and in the production of 
SCFA such as butyrate, acetate, and propionate, which contribute to 
the function of the intestinal barrier and regulate immune responses. 
Bacteroidetes are Gram-negative bacteria that constitute approximately 
30% of the GM and maintain intestinal homeostasis. They degrade 
the complex polysaccharides of dietary fiber, producing short-chain 
fatty acids, which serve as energy sources; they also regulate immune 

function [1]. The GM is a complex ecosystem composed of trillions of 
microorganisms that reside primarily in the large intestine. This diverse 
community plays a fundamental role in maintaining human health by 
influencing digestion, immunity, and even mental well-being. It is linked 
to inflammatory bowel disease, type 2 diabetes, high blood pressure, and 
colorectal cancer [2].

Firmicutes/Bacteroidetes Diversity Indices

Are crucial for understanding gut health and its effects on overall well-
being. A higher relative abundance of Firmicutes is often associated 
with obesity and elevated levels of pro-inflammatory cytokines such 
as TNF-α, which define a pro-inflammatory state [3]. Mantovani A and 
colleagues have included liver conditions in the diversity index, and, as 
a marker, the presence of Proteobacteria predicts liver decompensation 
and mortality [4]. Understanding the relationships between gut 
microorganisms and host phenotypes is fundamental to well-being 
and disease. This suggests opportunities for targeted interventions 
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that alter the microbiome to improve host health [5]. In Inflammatory 
Bowel Disease (IBD) treated with biologics, species richness and alpha 
diversity of the community were significantly lower in patients with 
active IBD and gradually increased after biologic therapy. A decrease 
in Firmicutes and an increase in Bacteroidetes were observed in actives 
condition [6].

Alpha and Beta Diversity

There is variation in the determination of analytical methods for the 
study of bacterial communities. In part, this is because alpha diversity 
metrics come from other disciplines and are not necessarily valid in 
microbial culture. We see the complexity when reviewing 19 different 
metrics of microbial alpha diversity, with something similar occurring 
in beta diversity [7].

Genetic Testing of the 16s rRNA Gene

The role of the microbial gene in gastrointestinal pathologies, 
including gastric cancer, has recently garnered significant interest. This 
is primarily due to 16S ribosomal RNA sequencing technology and 
the potential mechanisms by which diagnostic microbial biomarkers 
influence stomach cancer. These biomarkers have shown potential 
in the early detection of colorectal cancer, although this remains a 
subject of debate. In stomach cancer, a decrease in Faecalibacterium, 
Roseburia, Lachnospira, and Bifidobacterium is observed, along 
with an enrichment of Desulfovibrio, Streptococcus, Fusobacterium, 
and Escherichia [8]. Next-generation sequencing has revolutionized 
virtually all areas of biotechnology and has become a key technology 
in the field of genomics. With its unprecedented throughput, scalability, 
and speed of data generation, it allows researchers and clinicians 
to study biological systems with unprecedented levels of detail and 
resolution. The vast amount of information generated by next-generation 
sequencing facilitates the understanding of genomic variations, disease 
mechanisms, and resistance, contributing to the development of 
improved diagnostics. Currently, first-generation, next-generation, and 
third-generation sequencing technologies exist. The third generation is 
constantly being updated and optimized [9].

Firmicutes/Bacteroetes ratio

In obese animals and humans, there is a higher proportion of 
Firmicutes/Bacteroidetes, making it a potential biomarker. However, 
there is no consensus among researchers. Considerable variations exist 
in the composition of GM among individuals within the same population, 
possibly due to different lifestyle factors such as physical activity and 
diet, as well as food additives, antibiotics, and contaminants. Therefore, 
it is recommended that future studies identify the different variables 
[10].

The Firmicutes/Bacteroidetes ratio 

Kusnadi Y, and his group [11], conducted an extensive review to 
determine the suitability of using the IDF/B in conditions such as type 
2 diabetes mellitus, noting that the F/B ratio is a marker of intestinal 
dysbiosis. They observed a decrease in the ratio, with a significant 
negative correlation with blood glucose levels. This correlation was not 
significant in fasting glucose, postprandial glucose levels, or glycated 
hemoglobin.

The Shannon-Wiener Index, also known as the Shannon-Wiener Index, 
is a measure of biodiversity in ecological communities. It quantifies 
species diversity based on their relative abundance and distribution, 
with higher values ​​indicating greater diversity. Gastrointestinal patients 
seek answers in their own gut health. Even as services are under 
scrutiny regarding the standardization of processes, the Shannon Index 

is calculated as the sum of the cumulative relative abundances of the 
five most abundant organisms in the bacteriome. Josh Doolittle and his 
team [12] present the Dominance Dysbiosis Index to assess bacterial 
diversity and identify it as a key indicator of intestinal dysbiosis. It is 
calculated by summing the cumulative relative abundances of the five 
most abundant organisms in the bacteriome and including the Shannon 
Index.

Simpson’s Diversity Indices

The Simpson diversity index is a measure of diversity that considers 
the number of species present, as well as the relative abundance of each. 
As species richness and uniformity increase, so does diversity. GM 
is a modulator in the pathophysiology of type 2 diabetes; genetic and 
environmental factors interact to control it, while also contributing to 
insulin resistance and obesity. This study analyzes obese patients, treated 
or not with bariatric procedures [13], analyzing fecal microbiota with 
high-throughput sequencing using V4 16S rRNA primers. The surgical 
group showed abundance and diversity of Bacteroides, Akkermansia, 
and Dialister, suggesting that surgery increases microbial richness and 
abundance.

Intestinal dysbiosis

Intestinal dysbiosis is an imbalance or alteration of the gut microbiota, 
in which beneficial microorganisms decrease and potentially harmful 
microorganisms increase, disrupting normal intestinal function. It is 
associated with multiple pathologies, such as irritable bowel syndrome, 
diarrhea, multiple sclerosis, allergies, type 1 diabetes mellitus, 
inflammatory bowel diseases, rheumatoid arthritis, Alzheimer’s disease, 
autism, Parkinson’s disease, and metabolic disorders (obesity, type 
2 diabetes mellitus, and atherosclerosis). Clinically, it presents with 
abdominal pain and distension, as well as diarrhea, with chronic and 
metabolic diseases being the most frequent underlying conditions [14].

Biotics

As an adjunct therapy, probiotics are mentioned (Weizmannia 
coagulans, Alkalihalobacillus clausii, Lacticaseibacillus rhamnosus, 
Limosilactobacillus reuteri, Saccharomyces boulardii, Lactobacillus 
rhamnosus GG, L. reuteri DSM 17938, L. plantarum DSM 9843 and 
Bifidobacterium lactis Bb-12). Intestinal dysbiosis is usually generated 
by three events: increased pathobionts, decreased commensals and loss 
of bacterial diversity [15]. 

Fecal Microbiota Transplantation. In Diversity Indices

It can restore bacterial diversity in the digestive tract, being essential 
in recurrent C. difficile infection and readily adopted by the recipient. Its 
effects are unpredictable in Inflammatory Bowel Disease [16]. Heiner 
T and his group point out [17]: Understanding how FMT modifies 
microbial diversity and reduces the increase in pathobionts is necessary 
to optimize therapeutic outcomes. Furthermore, dysbiosis, generates an 
increase in pathobionts, potent organisms, under certain conditions.

Fecal Bacteriophage Transplantation in diversity indices. 

Zuo T and his team [18] performed ultra-deep metagenomic 
sequencing of virus-like particle preparations and sequencing of 
bacterial 16S ribosomal RNA in stool samples from 24 subjects with 
CDI and 20 healthy controls. Subjects with CDI showed significantly 
higher abundance of Caudoviral bacteriophages and lower diversity, 
richness, and uniformity of Caudovirals compared to healthy controls.

Comments

The National Institute of Diabetes, Digestive and Kidney Diseases 
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coordinates with the AGA and other institutions to create more research 
programs. This will help to get closer to understanding the various 
aspects of GM [19]. Deaths from gastrointestinal processes have 
increased in the USA over the last three decades, and little is known 
about the disparities [20].

Conclusions
•	 Biodiversity research and its application require precise and 

consistent definitions of diversity [21].

•	 The alpha of the Fisher logarithmic series and the fundamental 
biodiversity parameter were highly correlated with each other, as 
were the Margalef, species richness, and Chao species abundance 
indices. [22].

•	 Diversity indices are important for environmental monitoring and 
conservation, although there is no consensus on which ones are 
most appropriate and informative. [23].

Conflicts of Interest
The authors declare that they do not have affiliation or participation in 

organizations with financial interests. 

Ethical Approval
This report does not contain any studies with human or animal subjects 

carried out by the authors. 

Informed Consent
The authors obtained informed written consent from the patients, in 

order to develop this article. 

Declaration on the use of artificial 
intelligence

The authors declare that no generative artificial intelligence was used 
in the writing of this manuscript.

1.	 Sidebottom AM (2023). A Brief History of Microbial Study and 
Techniques for Exploring the Gastrointestinal Microbiome. Clin 
Colon Rectal Surg. Jan 25;36(2):98-104. 

2.	 Khalil M, Di Ciaula A, Mahdi L, Jaber N, Di Palo DM, Graziani A, 
et al (2024). Unraveling the Role of the Human Gut Microbiome in 
Health and Diseases. Microorganisms. November 15;12(11):2333. 

3.	 Orbe-Orihuela YC, Lagunas-Martínez A, Bahena-Román M, 
Madrid-Marina V, Torres-Poveda K, Flores-Alfaro E, et al 
(2018). High relative abundance of firmicutes and increased TNF-α 
levels correlate with obesity in children. Salud pública. Méx vol. 60 
no. 1 Cuernavaca ene./feb.

4.	 Mantovani A, Longo L, Thoen RU, Rampelotto PH, Salinas R, 
Guerreiro GT, et al (2024). Firmicutes/Bacteroidetes and Firmicutes/
Proteobacteria ratios are associated with worse prognosis in a cohort 
of Latin American patients with cirrhosis. Clinics. Vol 79.

5.	 Manor O, Dai CL, Kornilov SA. et al (2020). Health and disease 
markers correlate with gut microbiome composition across 
thousands of people. Nat Commun 11, 5206.

References

6.	 Yu-Chieh  Tsai,  Wei-Chen  Tai,  Chih-Ming  Liang,  Cheng-
Kun Wu, Ming-Chao Tsai, Wan-Hsiang Hu, et al (2025). Alternations 
of the gut microbiota and the Firmicutes/Bacteroidetes ratio after 
biologic treatment in inflammatory bowel disease. Journal of 
Microbiology, Immunology and Infection. Volume 58, Issue 1, Pages 
62-69. 

7.	 Cassol I, Ibañez M, Bustamante JP (2025). Key features and 
guidelines for the application of microbial alpha diversity metrics. 
Sci Rep. Jan 3;15(1):622. 

8.	 Wang Y, Qiu X, Chu A, Chen J, Wang L, Sun X, Wang B, Yuan Y, 
Gong Y. Advances in 16S rRNA-Based Microbial Biomarkers for 
Gastric Cancer Diagnosis and Prognosis. Microb Biotechnol. 2025 
February;18(2): e70115.

9.	 Gupta AK, Gupta UD. Chapter 19  - Next Generation Sequencing 
and Its Applications. Animal Biotechnology. Models in Discovery 
and Translation. 2020: 395-421. 

10.	 Magne F, Gotteland M, Gauthier L, Zazueta A, Pesoa S, Navarrete 
P, Balamurugan R. The Firmicutes/Bacteroidetes Ratio: A Relevant 
Marker of Gut Dysbiosis in Obese Patients? Nutrients. 2020 May 
19;12(5):1474. 

11.	 Kusnadi Y, Saleh MI, Ali Z, Yuristo E, et al. Firmicutes/
Bacteroidetes Ratio of Gut Microbiota and Its Relationships with 
Clinical Parameters of Type 2 Diabetes Mellitus: A Systematic 
Review. February 2023. Open Access Macedonian Journal of 
Medical Sciences 11(F):67-72. 

12.	 Josh Doolittle, Jason R Devlin, Jacques Izard, SIMPLIFIED INDEX 
FOR ASSESSING MICROBIAL DIVERSITY OF THE HUMAN 
DIGESTIVE TRACT IN A CLINICAL SETTING,  Inflammatory 
Bowel Diseases, Volume 31, Issue Supplement_1, February 2025, 
Pages S58–S59.           

13.	 Cortez RV, Petry TZ, Carvatto PP, Taddei CR, et al. Shifts in 
intestinal microbiota after duodenal exclusion favor glycemic 
control and weight loss: a randomized controlled trial. July 2018. 
Surgery for Obesity and Related Diseases 14 (11). 

14.	 Carías Domínguez AM, de Jesús Rosa Salazar D, Stefanolo JP, Cruz 
Serrano MC, Casas IC, Zuluaga Peña JR (2025). Intestinal Dysbiosis: 
Exploring Definition, Associated Symptoms, and Perspectives for 
a Comprehensive Understanding - a Scoping Review. Probiotics 
Antimicrob Proteins. 17 (1):440-449. 

15.	 Moreno CX. Dysbiosis in the gut microbiota. December 2022. G. 
E. N.: Official organ of the Venezuelan Society of Gastroenterology, 
Endocrinology and Nutrition. 76 (1); 17-23

16.	 Vaughn BP, Vatanen T, Allegretti JR, Bai A, Xavier RJ, Korzenik 
J, et al. Increased Intestinal Microbial Diversity Following Fecal 
Microbiota Transplant for Active Crohn's Disease. Inflammatory 
Bowel Diseases, 01 September 2016, 22(9):2182-2190.

17.	 Heiner T, Leung DT, Vallecillo ZM, Flynn A, Marchetti 
M, Akeefe A. Fecal Microbiota Transplant Increases Fecal 
Microbiome Diversity. 64. Undergraduate Research Journal 
(2025). 

18.	 Zuo T, Wong SH, Lam K, Lui R, Cheung K, Tang W, et al. 
Bacteriophage transfer during faecal microbiota transplantation 
in  Clostridium difficile  infection is associated with treatment 
outcome. Gut. 2018 Apr;67(4):634-643. 

doi: 10.1055/s-0042-1760678.
doi: 10.1055/s-0042-1760678.
doi: 10.1055/s-0042-1760678.
doi: 10.3390/microorganisms12112333
doi: 10.3390/microorganisms12112333
doi: 10.3390/microorganisms12112333
https://doi.org/10.21149/8133
https://doi.org/10.21149/8133
https://doi.org/10.21149/8133
https://doi.org/10.21149/8133
https://doi.org/10.21149/8133
DOI: 10.1016/j.clinsp.2024.100471
DOI: 10.1016/j.clinsp.2024.100471
DOI: 10.1016/j.clinsp.2024.100471
DOI: 10.1016/j.clinsp.2024.100471
https://doi.org/10.1038/s41467-020-18871-1
https://doi.org/10.1038/s41467-020-18871-1
https://doi.org/10.1038/s41467-020-18871-1
https://www.sciencedirect.com/author/25229355800/weichen-tai
https://www.sciencedirect.com/author/55142693800/chihming-liang
https://www.sciencedirect.com/author/55955820000/chengkung-wu
https://www.sciencedirect.com/author/55955820000/chengkung-wu
https://www.sciencedirect.com/author/23471138400/mingchao-tsai
https://www.sciencedirect.com/journal/journal-of-microbiology-immunology-and-infection
https://www.sciencedirect.com/journal/journal-of-microbiology-immunology-and-infection
https://www.sciencedirect.com/journal/journal-of-microbiology-immunology-and-infection/vol/58/issue/1
doi: 10.1038/s41598-024-77864-y
doi: 10.1038/s41598-024-77864-y
doi: 10.1038/s41598-024-77864-y
doi: 10.1111/1751-7915.70115
doi: 10.1111/1751-7915.70115
doi: 10.1111/1751-7915.70115
doi: 10.1111/1751-7915.70115
https://www.sciencedirect.com/book/9780124160026/animal-biotechnology
PMCID: PMC7285218.
PMCID: PMC7285218.
PMCID: PMC7285218.
PMCID: PMC7285218.
https://doi.org/10.1093/ibd/izae282.138
https://doi.org/10.1093/ibd/izae282.138
https://doi.org/10.1093/ibd/izae282.138
https://doi.org/10.1093/ibd/izae282.138
https://doi.org/10.1093/ibd/izae282.138
D:\My Data\PROOFS\SCMS\2026\Issue 5\SCMS-26-RW-015\DOI. 10.1016\j.soard.2018.07.021
D:\My Data\PROOFS\SCMS\2026\Issue 5\SCMS-26-RW-015\DOI. 10.1016\j.soard.2018.07.021
D:\My Data\PROOFS\SCMS\2026\Issue 5\SCMS-26-RW-015\DOI. 10.1016\j.soard.2018.07.021
D:\My Data\PROOFS\SCMS\2026\Issue 5\SCMS-26-RW-015\DOI. 10.1016\j.soard.2018.07.021
https://www.researchgate.net/publication/383791162_Intestinal_Dysbiosis_Exploring_Definition_Associated_Symptoms_and_Perspectives_for_a_Comprehensive_Understanding_-_a_Scoping_Review
https://www.researchgate.net/publication/383791162_Intestinal_Dysbiosis_Exploring_Definition_Associated_Symptoms_and_Perspectives_for_a_Comprehensive_Understanding_-_a_Scoping_Review
https://www.researchgate.net/publication/383791162_Intestinal_Dysbiosis_Exploring_Definition_Associated_Symptoms_and_Perspectives_for_a_Comprehensive_Understanding_-_a_Scoping_Review
https://www.researchgate.net/publication/383791162_Intestinal_Dysbiosis_Exploring_Definition_Associated_Symptoms_and_Perspectives_for_a_Comprehensive_Understanding_-_a_Scoping_Review
https://www.researchgate.net/publication/383791162_Intestinal_Dysbiosis_Exploring_Definition_Associated_Symptoms_and_Perspectives_for_a_Comprehensive_Understanding_-_a_Scoping_Review
https://academic.oup.com/ibdjournal/article-abstract/22/9/2182/4562012?redirectedFrom=fulltext
https://academic.oup.com/ibdjournal/article-abstract/22/9/2182/4562012?redirectedFrom=fulltext
https://academic.oup.com/ibdjournal/article-abstract/22/9/2182/4562012?redirectedFrom=fulltext
https://academic.oup.com/ibdjournal/article-abstract/22/9/2182/4562012?redirectedFrom=fulltext
https://nutritionfacts.org/video/fecal-transplant-experiments-show-the-microbiomes-role-in-aging/?gad_source=1&gad_campaignid=10885197527&gbraid=0AAAAADunDm6sdRlfUBSD8TRPg4QDf3ncW&gclid=Cj0KCQjwkYLPBhC3ARIsAIyHi3R5pCSfEQ38G2WYc-xifHKnEixypwkDLSmp-NNhhLOj-pTZjMyTX8saAtPEEALw_wcB
https://nutritionfacts.org/video/fecal-transplant-experiments-show-the-microbiomes-role-in-aging/?gad_source=1&gad_campaignid=10885197527&gbraid=0AAAAADunDm6sdRlfUBSD8TRPg4QDf3ncW&gclid=Cj0KCQjwkYLPBhC3ARIsAIyHi3R5pCSfEQ38G2WYc-xifHKnEixypwkDLSmp-NNhhLOj-pTZjMyTX8saAtPEEALw_wcB
https://nutritionfacts.org/video/fecal-transplant-experiments-show-the-microbiomes-role-in-aging/?gad_source=1&gad_campaignid=10885197527&gbraid=0AAAAADunDm6sdRlfUBSD8TRPg4QDf3ncW&gclid=Cj0KCQjwkYLPBhC3ARIsAIyHi3R5pCSfEQ38G2WYc-xifHKnEixypwkDLSmp-NNhhLOj-pTZjMyTX8saAtPEEALw_wcB
https://nutritionfacts.org/video/fecal-transplant-experiments-show-the-microbiomes-role-in-aging/?gad_source=1&gad_campaignid=10885197527&gbraid=0AAAAADunDm6sdRlfUBSD8TRPg4QDf3ncW&gclid=Cj0KCQjwkYLPBhC3ARIsAIyHi3R5pCSfEQ38G2WYc-xifHKnEixypwkDLSmp-NNhhLOj-pTZjMyTX8saAtPEEALw_wcB
https://pubmed.ncbi.nlm.nih.gov/28539351/
https://pubmed.ncbi.nlm.nih.gov/28539351/
https://pubmed.ncbi.nlm.nih.gov/28539351/
https://pubmed.ncbi.nlm.nih.gov/28539351/


4Citation: Dr. Álvaro Zamudio Tiburcio.,et al. “Do diversity indices, firmicutis/bacteroidetes ratios, and 16s rrna gene testing together help determine biotics 
administration?”. Scholastic Medical Sciences 3.5 (2026): 01-04.

Do diversity indices, firmicutis/bacteroidetes ratios, and 16s rrna gene testing together help determine biotics administration? Authors:
Dr. Álvaro Zamudio Tiburcio., et al.

19.	 Aldhaleei WA,  Wallace MB, Bi   Y,  Rusk MA, Bhagavathula AS 
(2025). Racial, Ethnic, and Geographic Disparities in Digestive 
Diseases Mortality in the United States, 2000–2019. Clinical 
Gastroenterology and Hepatology Volume 23, Issue 1,  January, 
Pages 59-68.e.16

20.	 Shen, Y (2025). The concept and quantification of diversity.  Nat. 
Rev. Biodivers. 1, 282.

21.	 Kunakh O, Volkova AM, Tutova GF, Zhukov O (2023).  Diversity 
of diversity indices: Which diversity measure is better?. May 2023. 
Biosystems Diversity 31 (2): 131-146.

22.	 Cultid-Medina CA, Escobar F. Pautas para la estimación y 
comparación estadística de la diversidad biológica. December 2019. 
In book: La biodiversidad en un mundo cambiante: Fundamentos 
teóricos y metodológicos para su estudio. Publisher: D. R. (c) 
Universidad Autónoma del Estado de Hidalgo.

23.	 Measuring Biodiversity: Indices and Types of Diversity. EVS. 
Institute. Enviromental studies. October 8, 2025   

https://www.sciencedirect.com/author/7102642843/yan-bi
https://www.sciencedirect.com/author/56398498300/akshaya-srikanth-bhagavathula
https://www.sciencedirect.com/journal/clinical-gastroenterology-and-hepatology
https://www.sciencedirect.com/journal/clinical-gastroenterology-and-hepatology
https://www.sciencedirect.com/journal/clinical-gastroenterology-and-hepatology/vol/23/issue/1
https://doi.org/10.1038/s44358-025-00046-9
https://doi.org/10.1038/s44358-025-00046-9
DOI: 10.15421/012314
DOI: 10.15421/012314
DOI: 10.15421/012314
https://www.researchgate.net/publication/340104672_Pautas_para_la_estimacion_y_comparacion_estadistica_de_la_diversidad_biologica_qD
https://www.researchgate.net/publication/340104672_Pautas_para_la_estimacion_y_comparacion_estadistica_de_la_diversidad_biologica_qD
https://www.researchgate.net/publication/340104672_Pautas_para_la_estimacion_y_comparacion_estadistica_de_la_diversidad_biologica_qD
https://www.researchgate.net/publication/340104672_Pautas_para_la_estimacion_y_comparacion_estadistica_de_la_diversidad_biologica_qD
https://www.researchgate.net/publication/340104672_Pautas_para_la_estimacion_y_comparacion_estadistica_de_la_diversidad_biologica_qD
https://evs.institute/biodiversity-conservation-and-management/measuring-biodiversity-indices-types-diversity/
https://evs.institute/biodiversity-conservation-and-management/measuring-biodiversity-indices-types-diversity/

