
Copyright © 2020 by Author/s and Licensed by Modestum Ltd., UK. This is an open access article distributed under the Creative Commons Attribution License which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.  

 

European Journal of Sustainable Development Research 
2020, 4(3), em0122 

e-ISSN: 2542-4742 
https://www.ejosdr.com/  

 

 

Assessment of Ecosystem Services and Capabilities of Communities 

from different Scales and Niches - Implications on Sustainability 

Goals 
 

Padhmanand Sudhakar 1* 

 
1 3 Greyfriars Road, NR1 1PR, Norwich, UNITED KINGDOM 

*Corresponding Author: padbiogermany@gmail.com  

 

Citation: Sudhakar, P. (2020). Assessment of Ecosystem Services and Capabilities of Communities from different Scales and Niches - Implications 

on Sustainability Goals. European Journal of Sustainable Development Research, 4(3), em0122. https://doi.org/10.29333/ejosdr/7843   

 

ARTICLE INFO  ABSTRACT 

Received: 1 Sep. 2019 

Accepted: 20 Feb. 2020 

 

 Ecosystems are complex compendia of biotic and abiotic components and characterized by exchanges of energy 

and mass. Via the actions and functions of the resident components which assemble into communities, 

ecosystems provide both direct/indirect tangible and intangible services to human society as well as the natural 
world. This holds true for ecosystems which cut across various scales and niches. Various frameworks have been 

devised to categorize and evaluate the services provided by ecosystems and/or their components. In this study, 

the services elicited by three specific communities occupying different ecosystem niches and having distinct scalar 

resolution are assessed. Firstly, the microbial communities which reside in the mammalian gut ecosystem, the 

microbial communities in the soil and the indigenous/local communities who inhabit the ecosystems comprising 
their traditional landscapes. Further, the roles and functions of these diverse communities, separated by scale and 

mostly and largely contributing to the homeostasis and functionality of their corresponding ecosystems, are 

evaluated. The services rendered by these communities are then mapped to the United Nations Sustainable 

Development Goals. Finally, the importance of these communities in maximizing social, economic and ecological 

capital is pointed out. 

Keywords: communities, gut microbiota, soil microbiota, indigenous/local communities, ecosystem services, 

sustainable development goals, social, ecological, economic capital 
 

INTRODUCTION 

Across various scales, communities render important functions to their ecosystems which in turn may be part of larger entities 

such as higher-organisms, landscapes, water bodies etc. The functionalities are primarily the result of synergistic interactions 

mediated by the components of these communities with other biotic or abiotic components (Blair et al., 2000). These 

functionalities result in services for human society and well-being. Hence, it is imperative that decision making by societies, 

businesses and governments take into account the services provided by ecological communities (Daily et al., 2009). 

To assess and evaluate the services provided by ecosystems and their components, several frameworks have been proposed. 

The Economics of Ecosystems and Biodiversity (TEEB)(http://www.teebweb.org/) is a global initiative which provides a descriptive 

framework to capture, assign value and assess the functions rendered by nature. The framework thereby enables the 

mainstreaming of ecosystem services (ES) into decision making and policy. The TEEB framework has been widely applied to 

various ecosystems and contexts as a tool to support decision makers in charge of policy portfolios affecting the environment and 

natural resources. 

To demonstrate the applicability of this approach, three different ecosystems from different dimensions of scale are selected 

and a non-exhaustive list of ecosystem services provided by these communities is assessed. As examples of communities in 

ecosystems at a micro-scale, the microbial communities of the mammalian gut and the soil are chosen. At the macro-scale, 

indigenuous and local communities (ILCs) who inhabit various landscapes are chosen. As for the ILCs, the known capabilities 

(Sangha & Russell-Smith, 2017; Sangha et al., 2018) of the ILCs as a result of their long-term relationships with their ecosystems 

are enlisted. Such capabilities of the ILCs have been demonstrated to be useful in dealing with ecological restoration (Reyes-García 

et al., 2019) and managing ecosystems for the purposes of conservation (Benyei et al., 2019; Reyes-García & Benyei, 2019) in 

addition to contributing to the well-being of the ILCs themselves (Freeman, 2019; Sangha et al., 2015). 

The empirically distant communities were chosen in this study in order (a) to demonstrate the applicability of the ES 

framework in compiling integrated policy paradigms aimed at improving public health and environmental sustainability in a 
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contiguous manner, (b) to showcase the need for tailored and contextually-relevant frameworks evaluating ecosystem services 

and services to ecosystems and (c) to bridge the gap between different groups of ES researchers embedded in diverse 

epistemological contexts. By mapping the ESs provided by the chosen communities to the 17 Sustainable Development Goals set 

by the United Nations, it is posited that the functions imparted by these communities contribute to social, economic and 

ecological capital. 

SELECTING THE ECOSYSTEMS AND COMMUNITIES 

Microbial communities comprising a mixture of bacteria, viruses, fungi etc and differing in composition and abundance reside 

in the ecosystems of both the gut and the soil. While gut microbial communities have an important influence on human 

health/disease (Sánchez et al., 2017), previous research has shown how molecular components of the mammalian gut are involved 

in mediating homeostatic functions (Jones et al., 2018) as well as interacting with microbial proteins (Sudhakar et al., 2019). In a 

similar manner, the microbial communities in the soil are central to several key services which are not only key to agriculture and 

food production (Jacoby et al., 2017) but also in several other critical processes. 

However, the ILCs were chosen for a different set of reasons which relate to a range of factors. These include the existential 

threats faced by these communities (Begotti & Peres, 2019) and the relevance of these human communities in combating global 

challenges such as climate change and biodiversity loss (Etchart, 2017). Many of these capabilities are based on diverse knowledge 

systems which give rise to a sense of stewardship (Bennett et al., 2018) and a set of socio-ecological values which arise as a result 

of the relationships forged between human beings and nature (Neeganagwedgin, 2013). Interestingly, the capabilities imparted 

on ILCs include ecological knowledge which empower them to take care of their immediate ecosystems. The ecological knowledge 

also helps contribute to initiatives focussed on mitigating climate change and biodiversity loss (Benyei et al., 2019). Hence, the 

example of ILCs and their capability functions is expected to increase the awareness of ILCs and their ecological importance among 

natural scientists in the Western world. 

The aforementioned communities in this study were chosen due to one other overarching reason - the possibility offered by 

the application of systems thinking (Williams et al., 2017) to reveal their interconnectedness (Table 1). As an example, Western 

diets are known to have negative impacts on gut microbial communities which dispose the affected individuals to a plethora of 

modern diseases (Telle-Hansen et al., 2018). As a result, researchers have started to study the gut microbial communities of ILCs 

as a means of discovering new knowledge and practices such as diet for restoring gut health (Stagaman et al., 2018). The 

traditional knowledge of ILCs in managing their ecosystems including the soils (Rajasekaran & Warren, 1995) need to be 

acknowledged and evaluated. At the same time, there is a long-standing paradigm in which the ILCs have bore the brunt of Western 

influences. This happens directly or indirectly via habitat destruction, violation of land rights etc which threaten the very existence 

of the ILCs (Begotti & Peres, 2019). Hence, the issue of ILCs need to be highlighted both from the perspective of opportunities and 

threats. 

Table 1. Some of the ecosystem services provided by the gut microbiota, categorized according to the modified (addition of 

indicator functions) TEEB classification of ecosystem services 

Provisioning functions 

● Production of short chain fatty acids 

● Synthesis of vitamins 
● Digestion of proteins 

● Metabolism of polyphenols  

References 

(Muñoz-Tamayo et al., 2011; Wang et al., 2014) 

(Gustafsson et al., 1962; Magnúsdóttir et al., 2015) 
(Dai et al., 2013; Smith and Macfarlane, 1996) 

(Clavel et al., 2006; Russell et al., 2008; Tomas-Barberan et al., 2014) 

Regulating functions 

● Maintaining gut barrier integrity 

● Glucose homeostasis 

● Warding off pathogens 
● Controlling obesity 

● Role in cardiovascular diseases 

References 

(Hiippala et al., 2018) 

(De Vadder et al., 2014; Tolhurst et al., 2012) 

(Jacobson et al., 2018; Kamada et al., 2013) 
(Cani et al., 2008; Gao et al., 2018);  

(Chan et al., 2016; Li et al., 2017; Stepankova et al., 2010) 

Supporting functions 

● Modulation of bile acid properties 

● Priming the host immune system 

● Reducing gut inflammation and related diseases 
● Neo-natal and early-life development 

References 

(Gustafsson et al., 1977; Jones et al., 2008; Van Eldere et al., 1996) 

(Ohnmacht et al., 2015) 

(Laval et al., 2015; Nishida et al., 2018; Pascal et al., 2017; Sun et al., 2019) 
(Dzidic et al., 2018; Ficara et al., 2018; Zhuang et al., 2019) 

Cultural functions 

● Psychological well-being via the gut-brain axis 

● Relational value 

References 

(Bonfili et al., 2017; Bravo et al., 2011; Kennedy et al., 2017; McVey Neufeld et al., 2015) 

- 

Indicator functions 

● Indicator of healthy and disease states 

References 

(Armour et al., 2019; Ren et al., 2019; Wirbel et al., 2019) 
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METHODOLOGY 

Selection of Frameworks used for the Evaluation of Ecosystem Services and Capabilities 

The customary TEEB model (http://www.teebweb.org/) with the already established provisioning, regulating, supporting and 

cultural functions’ categories with the addition of indicator functions is applied to assess and evaluate the services provided by 

microbial communities of the mammalian gut ecosystem and the soil ecosystem. With the aim of capturing the services provided 

by ILCs to ecosystems, the customized framework proposed by Combert et al. (2015) was used to enlist and categorize the different 

capabilities and functions of ILCs is applied.  

Literature Mining 

The evidence related to the functions and services of the communities were retrieved from Pubmed (until August 31, 2019) 

based on pairwise searches between two sets of keywords as follows. Set 1: gut microbiota, gut microbiome, soil microbiota, soil 

microbiome, indigenous populations, indigenous communities, indigenous and local communities. Set 2: functions, 

functionalities, roles, capabilities, services. The inferred functions and services of the communities based on the literature were 

categorized into various classes based on the TEEB model (regulating, provisioning, supporting, cultural and indicator functions) 

for the gut/soil microbiota and the service classes (protecting, enhancing, restoring and supporting based on Comberti et al 2015) 

for the ILCs respectively. Each of the functions and services were subsequently mapped manually to the corresponding sub-goals 

of the SDGs. 

RESULTS AND DISCUSSION 

Assessment of Ecosystem Services and Capabilities of the Communities 

Using the frameworks described above, the services provided by the three chosen communities to their corresponding 

ecosystems were assessed and categorized (Tables 1-3). Decades of research on the mammalian gut microbial community has 

revealed its role in various functions which can be classified into the provisioning, regulating, supporting, cultural and indicator 

categories. From helping the host digest the food to enabling the absorption and assimilation of nutrients such as vitamins, short 

chain fatty acids, polyphenols, the gut microbiota elicits its functions via various mechanisms (see Table 1 for references). The gut 

microbiota also regulates and supports a variety of other processes in addition to providing nutrients to the host. These include a 

wide range of homeostatic functions such as warding off pathogens, maintaining the gut barrier integrity, priming the immune 

system and modulating the properties of bile acids. Unsurprisingly, the gut microbiota is either involved in the prevention of or 

associated with disorders such as cardiovascular disease, obesity, inflammatory bowel disease among others. Due to the recently 

discovered gut-brain axis, scientists have also discovered the role of the microbiota in cognition and psychological well-being thus 

Table 2. Some of the ecosystem services provided by the soil microbiota, categorized according to the modified (addition of 

indicator functions) TEEB classification of ecosystem services. * denote marketable services 

Provisioning functions 

● Freshwater provision 

● Produce (food, fiber, timber, clay) 
● Bioactive compounds and genetic resources* 

References 

(Grenni et al., 2009) 

(Trivedi et al., 2017) 
(Martín and Liras, 2019) 

Regulating functions 

● Control of pathogens, pests and diseases  

● Carbon sequestration and regulation of green-house emissions*  

● Remediation of soils and plants from toxins and pollutants  

● Prevention of antibiotic resistance genes’ accumulation  
● Cycling, fixation and bioavailability of nutrients in the soil 

● Plant health and immunity  

● Transformation of organic matter 

● Chelation of metals 

References 

(Blaya et al., 2016) 

(Dang et al., 2019; Lladó et al., 2017; Simonin et al., 2017; Xu et al., 2017) 

(Li et al., 2019) 

(Pérez-Valera et al., 2019) 
(Tang et al., 2019) 

(Chialva et al., 2018; Kong et al., 2019; Yu et al., 2019) 

(Cui et al., 2019; Fernández-Bayo et al., 2019; Li et al., 2018) 

(Jones et al., 2019; Mesa et al., 2017) 

Supporting functions 

● Provides physical and biochemical medium/components for plant 
growth, flowering etc 

● Supporting the soil microbial communities including earthworms 

etc 

● Facilitates symbiosis between species (plant-bacteria, bacteria-

fungi etc) 

References 

(Durán et al., 2018; Lu et al., 2018; Sui et al., 2019) 
 

(Topalović and Heuer, 2019) 

 

(Garrido-Oter et al., 2018; Gupta et al., 2019) 

 

Cultural functions 
● Relational value 

References 
- 

Indicator functions 

● Indicator of heavy metal pollution  

● Indicator of plant health  

● Indicator of nutrient availability and assimilation 

References 

(Šrut et al., 2019) 

(Köberl et al., 2017) 

(Hermans et al., 2017) 
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giving rise to cultural benefits and functions. Since changes in gut microbial compositions are associated with transition to disease 

states, the gut microbial communities also serve as indicators of disease development and progression. Unfortunately, none of 

the ESs provided by the gut microbiota could be categorized as marketable and there exists no Basic Value Transfer 

models/measures to even assign valuation to the non-marketable ESs. 

Similarly, the soil microbiota elicits a plethora of functions (Table 2) to different constituents of the ecosystem, in which it is 

embedded in. These include direct provisional functions such as novel bioactive compounds and indirect provisional functions 

which serve to provide fuel, timber, produce via plants and trees which are nourished by the soil microbiota. Due to its interactions 

with a large number of other biotic and abiotic entities, the soil microbiota is at the helm of a large number of regulating and 

supporting functions (see Table 2 for references). These range from controlling nutrient cycling and making nutrients available to 

plants and facilitating symbiotic relationships involving plants, fungi to name a few. With respect to indicator functions, soil 

microbial compositions are used as markers for plant health and heavy metal pollution. The ESs are made up of two marketable 

ESs include “Carbon sequestration and regulation of green-house emissions” and “Bioactive compounds and genetic resources” 

with the rest belong to the non-marketable category. Provisioning and Regulating ESs of the non-marketable variety can be 

monetized using Basic Value Transfer (BVT) figures from other studies performed in similar contexts while Well-Being valuation 

methods can be used for the Cultural ESs. 

In contrast to the gut and soil microbial communities whose ecosystem services were mostly assessed in terms of their 

contributions to human well-being, the role of the indigenous and local communities (ILCs) were categorized based on a “service 

to ecosystems” framework put forward by (Comberti et al., 2015). The framework lets researchers put the perspective back on the 

ILCs and the services they render to ecosystems to be classified into four distinct types: protecting, enhancing, restoring and 

supporting. As can be gleaned from Table 3, ILCs and their knowledge have been used in various contexts to either maintain or 

restore the functionality of ecosystems. In the current context where human society is encountering the hard truths of ecological 

degradation, exploitation of natural resources, loss of biodiversity and climate change, the roles played by ILCs become all the 

more prominent due to the fact that ILCs reside in biodiverse areas with huge future potential for carbon sequestration (see Table 

3 for references). In general, ILCs also have a huge incentive to protect such areas since it is the very same areas from which the 

either derive their livelihood and/or cultural benefits. ILCs not only protect and maintain their ecosystems using adaptive 

knowledge and cultural practices (Table 3) but also contribute either on their own or in collaboration with other like-minded 

agencies to restore degraded ecosystems like lakes, mangroves and forests. The adaptive knowledge of ILCs can be exemplified 

for example by their know-how on keystone species, planting strategies, biomass recycling, ecosystem succession, soil fertility 

among others. Furthermore, with their cultural practices, ritual prohibitions and reverence for cultural keystone places, they also 

Table 3. Some of the services provided by Indigenous and Local Communities (ILCs) and ILC knowledge as evaluated by the 

“Services to Ecosystems” framework proposed by (Comberti et al., 2015). * denote marketable services 

Protecting services 

● Prevent landscape change 

● Information on keystone species 
● Imparting protection based on sense of place attributes 

● Ritual regulations and cultural prohibitions 

 

References 

(Horiuchi et al., 2011) 

(Garibaldi and Turner, 2004; Wangpakapattanawong et al., 2010) 
(Cuerrier et al., 2015; Lepofsky et al., 2017) 

(Angsongna et al., 2016; Colding and Folke, 1997; Foin and Davis, 1984; 

Rappaport, 1967; Spangenberg et al., 2014) 

Enhancing services 

● Soil enrichment using biomass recycling 

● Diversity enhancing and climate change mitigating anthropogenic 
burning 

● Diverse practices to maintain grassland productivity and function 

● Interplanting to increase species diversity in forests 

● Maintaining fish stocks 

● Manage ecosystem succession 
● Combat climate change via carbon sequestration* 

● Prevent desertification 

● Trait modification and selection 

● Transplantation and relocation 

● Seed dispersal 

References 

(Solomon et al., 2016) 

(Russell-Smith et al., 2015; Shaffer, 2010; Storm and Shebitz, 2006; 
Trauernicht et al., 2015) 

(Babai and Molnár, 2014; Stenseke, 2009) 

(Ford and Nigh, 2015) 

(Thornton et al., 2015) 

(Diemont and Martin, 2009; Douterlungne et al., 2008) 
(Salick et al., 2014) 

(Macharia, 2004) 

(Balée and Erickson, 2006) 

(Erickson, 2010) 

(Shepard and Ramirez, 2011) 

Restoring services 
● River restoration 

● Restoration of mangroves and wetlands 

● Restoration of lakes 

● Restoring forests and watersheds 

 
● Diverse approaches to restore mountain landscapes 

● ILC knowledge as baseline sources for informing restoration targets 

● Restore population of particular species 

● Monitoring restoration of ecosystems 

References 
(Fox et al., 2017) 

(Selvam et al., 2003) 

(Coombes, 2007) 

(Clement and Amezaga, 2009; Douterlungne et al., 2008; Paudyal et al., 

2015; Wangpakapattanawong et al., 2010) 
(Long et al., 2003) 

(Eckert et al., 2017; Mustonen, 2013; Storm and Shebitz, 2006) 

(Hansson 2001) 

(Danielsen et al., 2013; Hartoyo et al., 2016) 

Supporting services 

● Inclusion of cultural practices 
● Enhancing cultural-ecological integrity 

● Serving as repositories of knowledge thus contributing to human 

capital 

References 

(Cuerrier et al., 2015; Lepofsky et al., 2017; Russell-Smith et al., 2015) 
(Sangha et al., 2015; Sangha et al., 2018) 

(Benyei et al., 2019; Kelbessa, 2013; Reyes-García and Benyei, 2019) 
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contribute to a sense of place and socio-ecological values which help conserve ecosystems. Thus, from diverse epistemological 

perspectives (Tengö et al., 2014), the activities and knowledge of ILCs service ecosystems to keep them functional. The only 

marketable ES for ILCs was identified as the “Combat climate change via carbon sequestration” via C-bonds by virtue of Payment 

for Ecosystem Service protocols. 

Contribution of Ecosystem Services Rendered by the Communities to the Sustainable Development Goals 

In order to relate the relevance of the chosen communities to macro-level perspectives, their services were mapped to the 17 

Sustainable Development Goals (SDGs) proposed by the United Nations (Table 4, Supplementary Table 1). Due to its very specific 

niche, the gut microbiota particularly impacts the SDGs by its effect on the third goal of “Ensuring healthy lives and promotion of 

well-being for all at all ages”. Of note, the gut microbiota is involved in the mammalian health and development at different life 

stages and is implicated in both maintaining health and when disrupted in mediating diseases. However, due to its impact on the 

health of human populations around the world, it is a major contributor to social capital and the opportunity costs of healthcare. 

On the other hand, the soil microbiota because of its connections to a large number of biotic and abiotic components, could 

impact 13 of the 17 SDGs (Table 4, Supplementary Table 1). The ecosystem services of the soil microbiota could be mapped 

strongly to SDG2 (“End hunger, achieve food security and improved nutrition and promote sustainable agriculture”), SDG3 

(“Ensure healthy lives and promote well-being for all at all ages”), SDG8 (“Promote sustained, inclusive and sustainable economic 

growth, full and productive employment and decent work for all”), SDG13 (“Take urgent action to combat climate change and its 

impacts”), SDG15 (“Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat 

desertification, and halt and reverse land degradation and halt biodiversity loss”) among others thus contributing to social, 

ecological and economic capital. 

The services provided by the ILCs to the ecosystems also displayed comparable mapping profiles with 12 SDGs linked to the 

services (Table 4, Supplementary Table 1). Although not surprising, the services of the ILCs and their knowledge could be mapped 

to prominent SDGs such as SDG13 (“Take urgent action to combat climate change and its impacts”), SDG14 (“Conserve and 

sustainably use the oceans, seas and marine resources for sustainable development”), SDG15 (“Protect, restore and promote 

sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land 

degradation and halt biodiversity loss”), SDG12 (“Ensure sustainable consumption and production patterns”) and SDG6 (“Ensure 

availability and sustainable management of water and sanitation for all”). However, it is noteworthy to mention that in addition 

to goals associated with various tangible components, the services of the ILCs could also contribute to cultural, educational and 

well-being aspects such as SDG 11.4 (“Strengthen efforts to protect and safeguard the world’s cultural and natural heritage”) and 

SDG 4.7 (“By 2030, ensure that all learners acquire the knowledge and skills needed to promote sustainable development, 

including, among others, through education for sustainable development and sustainable lifestyles, human rights, gender 

equality, promotion of a culture of peace and non-violence, global citizenship and appreciation of cultural diversity and of 

culture’s contribution to sustainable development”). The ILCs thus via their services positively influence social, ecological and 

economic capital. 

DRAWBACKS OF THE STUDY 

Negative Functions of Communities are Ignored 

Although ESs in the traditional sense refer to positive benefits rendered to human beings, services which impart negative 

effects have also been reported (Li et al., 2014; Power, 2010; Shackleton et al., 2016). For instance, the gut as well as the soil 

Table 4. Mapping ecosystem services and services to ecosystems rendered by the gut/soil microbial communities and ILCs 

respectively to the UN Sustainable Development Goals. Details on how the ESs map and services to ecosystems map to the sub-

goals can be found in Supplementary File 1 

SDG Gut microbiota Soil microbiota ILCs 

No poverty    

Zero hunger    

Good health and well-being    

Quality education    

Gender equality    

Clean water and sanitation    

Affordable and clean energy    

Decent work and economic growth    

Industry, innovation & infrastructure    

Reduced inequalities    

Sustainable cities and communities    

Responsible consumption & production    

Climate action    

Life below water    

Life on land    

Peace, justice and strong institutions    

Partnerships for the goals    
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microbiota is a reservoir of antibiotic resistance genes (Baron et al., 2018; Hu et al., 2013; Relman & Lipsitch, 2018). There has been 

widespread debates and criticisms on the categorization of negative functions (Shapiro & Báldi, 2014; Villa et al., 2014). However, 

the negative functions and the uncertainties which they could putatively elicit are a cause for concern. 

No Context Specificity 

The ESs assessed in this study for all three communities were based on evidence collected from studies conducted all over the 

world. In other words, the assessment is very generalized without any specificity in terms of context such as socio-cultural 

phenomena (Everard et al., 2018; van Riper et al., 2017) or site-specific information while the ESs are interpreted collectively. While 

the approach can be applicable to specific contexts, the results in the study cannot be interpreted beyond generalities. This 

drawback also meant that scenario building and projection could not be performed. 

Qualitative Nature of the Assessment 

Due to the non-contextuality of the assessment, quantitative measures for example related to assigning values to the BVT for 

a bunch of services could not be performed since these could be different based on the region/country in which the evidence 

corresponding to the ES was reported. 

Inter-dependencies among Services, Capacities and Capabilities Ignored 

ESs seldom occur in isolation and are usually inter-dependent either based on direct/indirect mechanistic evidence or 

observed associations. For instance, the ability of the gut microbiota to produce short chain fatty acids is linked to maintenance 

of the gut barrier integrity via mechanistic effects (Mörkl et al., 2018; Morrison & Preston, 2016; Parada Venegas et al., 2019). 

Facilitation of symbiotic relationship by the soil microbiota is closely linked to plant health and immunity as well as the control of 

pathogens (Harman & Uphoff, 2019; Vannier et al., 2019). Also, quantitative information about the capacity allocation of the 

communities for various inter-dependent ESs is lacking and hence such information has also not been included in the study. In 

addition to the existence of such inter-dependencies among a plethora of ESs, there is an added degree of complexity in the case 

of ILCs. ILCs have complex relationships with their ecosystems as exhibited by the services they impart to the ecosystems. In 

addition, they provide well-being benefits and capability functions which are imparted to the ILCs as a result of such interactions 

(Sangha & Russell-Smith, 2017; Sangha et al., 2015, 2018). Such intricate relationships in the domain of socio-ecological 

interactions at the backdrop of complex knowledge systems and behavioural sciences have not been considered in the study. 

IMPLICATIONS FOR SCIENCE, POLICY AND INDUSTRY 

Gut Microbiota 

As demonstrated based on evidence from literature (Table 1), the gut microbiota contributes both to the physical and mental 

well-being of humans thus contributing to human capital. Recent research has also demonstrated that exposure to routinely used 

medicaments and therapeutics (Forslund et al., 2015), xenobiotic agents (Liang et al., 2019) present either in the food or other 

products also affect the gut microbial composition, sometimes (Chassaing et al., 2017) tipping it over to diseased states. From a 

product efficacy perspective, especially in the case of therapeutics, the gut microbiota has the potential to metabolize and alter 

the intended activity or absorption of therapeutic molecules (Enright et al., 2016). Thus, the gut microbiota is not only affected by 

its exposure to substances (such as therapeutics, xenobiotics and agents in the food) but also determine their metabolism, toxicity 

and efficacy. In the above discussed contexts, corporations and industries, especially in the food, pesticide/fertilizer and 

pharmaceutical sector need to be more cognizant of gut microbiota-mediated ill-effects or the non-beneficial/harmful effects on 

the gut microbiota upon exposure to compounds in their products. In tune with this, an increasing number of clinical trials have 

started to investigate the gut microbiota as part of their efficacy and safety norms. However, this needs to become a widespread 

practice (in clinical trials or risk assessment protocols) in the pharmaceutical, food and pesticide/fertilizer sectors globally so as 

to enhance product quality from a consumer safety point of view. This requires policy level legislative and regulatory frameworks 

to be put in place to enforce the altered safety and risk assessment protocols. 

Soil Microbiota 

The soil microbiota is demonstrated to have a wide range of ESs (Table 2) even based on our limited assessment and hence is 

bound to have far-reaching impacts arising from different anthropogenic activities and natural events - directly and/or indirectly. 

While it is out of the scope of this study to outline all the possible drivers which affect the soil microbiota, the most important ones 

which have a heavy-footprint, need prioritization in terms of research and where legislation needs to be enacted, are identified. 

Among other factors, the composition of the soil microbiota determines soil fertility and function in terms of its ability to support 

plant health by enhancing symbiotic relationships (Garrido-Oter et al., 2018; Gupta et al., 2019) which not only promote 

productivity but also the nutrition of the produce. 

Misinformed choices in the farming sector have led to the overuse and abuse of agricultural inputs such as fertilizers and 

pesticides which detrimentally impact the function and composition of the soil microbiota. Pesticide exposure not only results in 

depreciating the supporting and regulating ESs (Chowdhury et al., 2008) of the soil microbiota but also has unintended 

consequences on plant health (Mitra and Raghu, 1998) and resistance of pests/pathogens (Bagchi et al., 2016) thus impacting food 

security. Besides, fertilizers and pesticides also end up in the food-chain due to systemic bioaccumulation in the produce and run-

offs into the water-bodies (Carvalho, 2017). Meanwhile, regenerative agriculture and its various forms (LaCanne & Lundgren, 2018) 
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have been shown to impart beneficial impacts on the soil microbiota by enriching its diversity (Hendgen et al., 2018) and thereby 

enhancing plant health and nutrition (Tsvetkov et al., 2018). 

a. In light of the above, it is imperative to enact legislation, policy and research frameworks in order to improve the diversity 

of the soil microbiota and thereby the various ecosystem services provided by the soil microbiota. This could include, but not 

limited to Providing incentives for corporations to develop soil- and biodiversity-friendly compounds for use in agriculture 

b. Harmonized documentation and research on best practices of soil management from across the globe 

c. Enhanced risk assessment protocols to evaluate the unintended and off-target effects of pesticides and fertilizers, and 

ameliorate them 

d. Payment for Ecosystem Service based tools and approaches to incentivize farmers adopting regenerative agriculture and 

its practices 

e. Providing free certification for farmers practising regenerative agriculture and their produce or legislate community-

reviewed peer-certification such as Participatory Guarantee Systems (Home et al., 2017; Montefrio & Johnson, 2019) 

ILCs 

Despite their geographical, socio-cultural and epistemological separation from mainstream societies, the services of the ILCs 

to the SDGs are substantial (Tables 3-4) and hence need to be acknowledged scientifically, politically and economically. ILCs not 

only rely on their ecological habitats for sustenance but also derive the capabilities (as a result of their long-term interactions with 

their ecosystems) which enable them to provide services enhancing/restoring ecosystem functions (Reyes-García et al., 2019). In 

the above described context, conservation measures aimed at ecosystems in which ILCs reside need to go hand-in-hand with 

programmes geared towards ILC well-being, especially in scenarios where there are complex interactions between the ILCs and 

their ecosystems. Moreover, in the current global scenario which is characterized by heavy anthropogenic footprints on climate 

change, biodiversity loss and natural resource depletion, the knowledge and practices of the ILCs have huge potential in socio-

ecological and human eco-dynamics research (Fitzhugh et al., 2018). As a response, science and policy measures need to be geared 

towards 

a. Increased engagement and inclusion of ILCs in scientific research to discover new knowledge to manage ecosystems, 

biodiversity, soil health, gut health among others 

b. Equitable recognition of ILCs in the proceeds and academic/economic benefits of intellectual property derived from ILC 

knowledge 

c. Increased recognition and acknowledgement of alternative and parallel knowledge systems which are characteristic of ILC 

cultures and way of life 

d. Enhanced protection of ILC habitats and ecosystems 

e. Better provision and recognition of ILC rights and access to traditional lands and resources for sustenance, way of life, 

intergenerational education and cultural practices 

CONCLUSION 

By evaluating the services elicited by communities (gut microbiota, soil microbiota, and ILCs) representative of three different 

ecosystems from different scalar resolutions using customized frameworks and mapping them onto the SDGs proposed by the 

United Nations, the contribution of the communities to human, ecological and economic capital is demonstrated. Although not 

context specific and limited to qualitative assessments, it is evident that the gut microbiota, soil microbiota and the ILCs provide 

both material and cultural benefits to mainstream human societies as well as other components of the ecosystems. Examples of 

anthropogenic activities which disrupt the services provided by these communities are identified and recommendations to 

enhance/restore their capacities in providing the ecosystems functions are laid out. The assessment carried out in this study 

provide evidence to researchers and policy makers from multiple sectors to appreciate the services provided by distinct 

communities and how these services can be leveraged and harnessed to enhance human, ecological and social capital. 
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