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Abstract

1. Mahseer (Tor spp. Cyprinidae) are iconic, large-bodied, migratory freshwater
fishes of Asian rivers. Long valued as a food source and serving other societal roles,
these fishes are severely threatened by a broad range of interacting and escalating
human impacts, including dam construction, water pollution, over exploitation and
habitat destruction. Mahseer fishes are therefore beneficial to people both directly
and as indicators of ecosystem functionality and the associated ecosystem service
benefits provided by the rivers they inhabit.

2. A literature review demonstrated that wild mahseer populations have a direct role
in 11 of 36 assessed ecosystem services, and are indicative of a further 18
ecosystem services provided by the habitats which support them.

3. Recognition of this range of ecosystem service benefits is helpful for describing to
non-specialist public and policy-making communities the diversity of values provided
by mahseer fishes and their supporting habitats, and hence the importance of their
conservation.
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4. Assessment of the broad range of ecosystem services to which mahseer
contribute is an approach that could usefully be applied to promote the benefits of
conserving other ‘umbrella’ taxa and the habitats that support them.

Keywords
Asian rivers; ecosystem services; Sustainable Development Goals; flagship
species.

1. Introduction

Freshwater ecosystems are disproportionately vulnerable, with an 84% decline in
freshwater vertebrate populations reported since 1970 (WWF, 2020). This dramatic
decline in freshwater biodiversity has been described as a “quiet crisis...taking place
beneath the surface of the world’s rivers and lakes” (Richter et al., 1997) that is often
invisible to the general public and to policy-makers (Dudgeon et al., 2006; Reid et al.,
2019). In many communities throughout the world, fish and fisheries play a
significant role in economic and social structures. Lynch et al. (2020a; 2020b)
demonstrated that inland fisheries can contribute substantially to increased food
security, poverty alleviation, human well-being and ecosystem functioning.
Sustainable management of inland fisheries relies on maintaining aquatic
ecosystems in a healthy state, yet anthropogenic pressures continue to accumulate,
escalating the pressure on freshwater biodiversity (Mcintyre, Reidy Liermann &
Revenga, 2016; Reid et al., 2019). Freshwater fishes are amongst the most
threatened taxa globally (Cooke, Paukert & Hogan, 2012; Carrizo, Smith & Darwall,
2013; Reid, Contreras MacBeath & Csatadi, 2013), with migratory and megafauna
fishes in alarming decline (Carrizo et al., 2017; He et al., 2017; WWF, 2021).
Although millions of people globally rely on freshwater ecosystems for nutrition,
income, recreational and cultural services (Cooke et al., 2016; Youn et al., 2014),
current trends in exploitation of freshwater resources and fishes demonstrate a
failure to adequately value and protect these systems and the vital ecosystem
services they provide.

1.1 Applying an ecosystem services approach

The need to integrate ‘nature’ with human activities and development needs within
integrated socio-ecological systems is a fundamental component of modern-day
conservation philosophy (Sala & Torchio, 2019). Consequently, systemic
interdependence between people and ecosystems, and the need to recognize and
respect the limits of natural systems to ensure human wellbeing, represent central
aspects of the Millennium Ecosystem Assessment (2005). This interdependence is
also recognised as vital for addressing climate stability (IPCC, 2018) and is also
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explicitly recognised under the Inter-governmental Panel on Biodiversity and
Ecosystem Services (Brondizio et al., 2019; IPBES, 2020). New approaches are
required to safeguard species, habitats, ecosystems and their functions, specifically
recognizing the breadth of societal values dependent upon them (Costanza et al.,
1997; Finlayson et al., 2011; Costanza et al., 2017).

The ecosystem services framework, defined as “...the benefits people obtain from
ecosystems” (Millennium Ecosystem Assessment, (MEA), 2005), identify the
multiplicity and inherently interlinked nature of benefits of natural systems to
humanity. It serves as a conceptual underpinning model articulating how
ecosystems contribute to human wellbeing, in both monetary and non-monetary
terms and in language familiar and relevant to multiple beneficiaries (for example in
terms of food security, disease or flood management, or recreational opportunities).
Importantly, it provides a means of integrating stakeholder views and value systems
into decision-making; in so doing it can raise societal awareness, and strengthens
the case for conservation beyond a simplistic reliance on intrinsic values (Schmidt,
Sachse & Walz, 2016).

Demonstrating that functioning ecosystems are vital for human wellbeing promotes
recognition that conservation of nature is fundamental to supporting societal needs.
This is reflected by the central role of ecosystem services in underpinning the
delivery of the United Nations’ Sustainable Development Goals (SDGs) (UN, 2015).
Meeting these SDGs can be linked to maintaining or enhancing flows of ecosystem
services (Everard & Longhurst, 2018), and ecosystem services making direct or
important contributions to subsidiary targets under the SDGs (Wood et al., 2018).
Despite this, the ecological basis underpinning the SDGs are still substantially
neglected (Reid, Contreras MacBeath & Csatadi, 2013).

1.2 Applying the ecosystem services approach to Mahseer fishes

Iconic fish species (sensu Everard & Kataria, 2011) are frequently referred to as
‘focal species’ (e.g. ‘flagship’, ‘umbrella’ and ‘indicator’ species) reflecting the health
of the aquatic habitats that support them and their associated biodiversity (e.qg.
Belmar et al., 2018; Zarkami et al., 2019). However, such assertions have often
lacked supporting evidence demonstrating clear direct or indirect benefits to society.
The need to recognise and promote the societal benefits associated with mahseer
fishes (Tor spp., Cyprinidae) in Asia as a means to improve their conservation was
recognised at the 2" International Mahseer Conference (IMC2) held in Chiang Mai,
Thailand, in February 2020. This paper considers how the diversity of beneficial
ecosystem services associated with mahseer fishes can support the conservation
both of these fishes and of the ecosystems supporting them.

Mahseer are large-bodied, migratory freshwater fishes [which can exceed 35kg in
weight (Carrizo et al., 2017). These potadromous cyprinid river fishes are distributed
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throughout many of the rivers of South and Southeast Asia, including the biodiversity
‘hot-spots’ of the Himalayas and India’s Western Ghats. Across this broad Asian
range, mahseer are threatened by multiple human impacts, including dam
construction (longitudinal river fragmentation), water pollution, over-exploitation and
habitat destruction. Accordingly, of the 16 currently valid species of Tor, seven are
assessed as threatened (‘Vulnerable’ to ‘Critically Endangered’), eight are ‘Data
Deficient’ and one species is assessed as ‘Least Concern’ on the IUCN Red List of
Threatened Species (see Supplementary Material and Pinder et al. (2019) for a
comprehensive review of the genus Tor)).) Despite their high economic and cultural
importance (Nautiyal, 2014; Pinder et al., 2019), countries in which mahseer occur
have rapidly developing economies in which protection of vulnerable habitats is a
relatively low priority (Dudgeon, 2002; Reid et al., 2019). Effective conservation
measures are largely lacking, beyond scattered, small-scale initiatives led by
recreational catch-and-release angling initiatives. While efforts to bolster populations
through the stocking of hatchery cultured mahseer have been underway since the
mid-1970s, no evidence exists to support a positive effect on populations in the wild.
Furthermore, some well-intentioned stocking programmes have been demonstrated
to have had perverse outcomes by spreading mahseer species beyond their native
distribution ranges, where they have competed and threatened the extinction of
endemic mahseer species (Pinder, Raghavan & Britton, 2020). Mahseer also
remain poorly protected by nature conservation legislation; for example, they are not
scheduled under the Indian Wildlife Act 1972 despite being iconic species of Indian
river systems. On the basis of their vulnerability and iconic role, mahseer may qualify
as designated features of any Protected Areas in which they occur. However, there
appear to be no mahseer-driven efforts to restore habitat or control pollution. The
omission of mahseer from nature conservation and environmental management
measures highlights the need for this paper.

This context suggests that mahseer fishes are particularly suitable for applying an
ecosystem services approach as part of a conservation strategy. Therefore, a
comprehensive literature review was undertaken to examine contributions to
ecosystem services provided both directly by wild populations of mahseer fishes as
well as by the functioning of the habitats of which they are indicators. The results
from this analysis can strengthen the case for the conservation of mahseer fishes
and of their habitats by demonstrating the benefits gained by a range of stakeholder
groups, including those responsible for river management.

2. Methods

2.1. Ecosystem service assessment

Assessment of ecosystem service flows can illustrate the range of societal benefits
provided by species and the ecosystems that support them, as well as the
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implications for these benefits when these resources are exploited or managed
(Bagstad et al., 2013; Everard, 2017).

The ecosystem service classification scheme from the RAWES (Rapid Assessment
of Wetland Ecosystem Services) approach, adopted by the Ramsar Commission
under Ramsar Resolution XI1.17 (Ramsar Convention, 2018), was used for this
assessment. This is adapted from the MEA (2005) classification of ecosystem
services, comprising provisioning, regulating, cultural and supporting service
categories. Supporting services and regulating services are deliberately retained in
this assessment as their roles in ecosystem integrity and resilience are important for
decision-making at policy and practical levels (Everard, 2017). This is despite them
being redefined as functions in some subsequent ecosystem service classifications
to avoid ‘double-counting’ benefits (e.g. TEEB, 2010; Braat & de Groot, 2012).

2.2 Literature review

A literature review, using Google Scholar and Web of Science, and the search terms
‘mahseer’ and ‘Tor’, was undertaken to determine the contribution to ecosystem
services made directly by mahseer fishes and, by inference, the functions of
catchment habitats on which mahseer depend. Due to several complicating factors,
(notably the problem that many societal benefits are generally defined without being
referred to as ecosystem services), it was not practical to conduct a fully systematic
review. Therefore reports, news and other informal sources were included in
addition to peer-reviewed literature, thereby ensuring that important benefits were
not overlooked.

2.3 Assignment of scores in this assessment

Evidence concerning the direct contributions of mahseer fishes, or the indirect
implications of their presence as indicators, was applied to each of the 36 ecosystem
services within the RAWES classification. As literature directly linking mahseer
fishes to ecosystem service flows is very sparse, the scoring system in Table 1 was
applied.

Table 1: Scores assigned to ecosystem services contributions from mahseer fishes
and the habitats supporting mahseer populations

Score Rationale for assignment of score

assigned

+++ Strong evidence related directly to mahseer

++ Indirect evidence of likely contributions of mahseer fishes, derived
from references addressing other fishes

+ Inferred from the roles of mahseer in ecosystems either as (1)
indicators of intact and functional ecosystems; or (2) resulting from
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their roles in ecosystems (predation or other roles in food webs,
bioturbation, etc.)

0 No supporting evidence. Nonetheless, this does not imply that not
role is served (e.g. where mahseer indicate intact catchment that
might have potential roles in services such as fire regulation or
noise/visual buffering.)

3. Results

3.1 Mahseer and ecosystem services

Ecosystem service contributions of mahseer fishes and their supporting habitats are
outlined for each of the MEA (2005) categories in the Supplementary Material.
Tables respectively for Provisioning, Regulating, Cultural and Supporting services in
the Supplementary Material provide assigned scores and supporting evidence for the
direct or inferred contributions of populations of mahseer fishes, or of the habitats
supporting wild, self-sustaining populations and for which mahseer serve as
indicators. Recognition of the broad range of ecosystem service values can be
helpful for describing to general public and policy-makers the range of benefits
provided by mahseer fishes and their supporting habitats. Table 2 summarises these
contributions.

Table 2: Contributions of mahseer fishes to ecosystem services (see details in the
Supplementary Material)

Ecosystem S ervi ces Contributions of mahseer fishes to the

assessed ecosystem service

Provisioning services
6 out of 9 services for which evidence is available, 2 as +++, 1 as + and 3 as +

Fresh water available for abstraction and use ++
Food production (e.g. crops, fruit, fish, etc.) +44+
Fibre and fuel production (e.g. timber, wool, etc.) +
Genetic resources (used for crop/stock breeding and biotechnology) +++

Biochemicals, natural medicines, pharmaceuticals

Ornamental resources (e.g. shells, flowers, etc.)

Harvesting of clay, mineral, aggregates, etc.

Waste disposal

O 0|0+ |+

Energy harvesting from natural air and water flows (if relevant)
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Regulating services

10 out of 14 services for which evidence is available, 2 as +++, 1 as + and 7 as +

Air quality regulation +
Local climate regulation - microclimate, temperature, precipitation +
Global climate regulation - greenhouse gas sequestration, etc. +
Water regulation (timing and scale of run-off, flooding, etc.) +
Natural hazard regulation (i.e. storm protection) +
Pest regulation 0
Disease regulation — human +++
Disease regulation — stock +++
Erosion regulation +
Water purification and waste treatment +
Pollination and seed dispersal ++

Salinity regulation - implications for soil salinity build-up

Fire regulation - tendency of ecosystems in the catchment to burn

o

Noise and visual buffering - impacts on the buffering effects of
ecosystems

Cultural services

7 out of 7 services for which evidence is available, all as +++

Cultural heritage +++
Recreation and tourism +++
Aesthetic value ++4+
Spiritual and religious value ++4+
Inspiration of art, folklore, architecture, etc. +++
Social relations (e.g. fishing, grazing or cropping communities) +++
Educational and research +++

Supporting services

6 out of 6 services for which evidence is available, 0 as +++, 1 as ++ and 5 as +

Soil formation +
Primary production +
Nutrient cycling ++
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Water recycling +
Photosynthesis (production of atmospheric oxygen) +
Provision of habitat +

3.2 Structured review of mahseer publications

Of 641 references located by literature search, 46 publications were used in the
supporting analysis set out in the Supplementary Material. The ecosystem service
contributions of mahseer fishes, together with the functional habitats of which wild,
self-sustaining mahseer populations are indicative, are clearly diverse and
substantive. In total, positive contributions (+++, ++ or +) were identified for 29 out of
the 36 assessed ecosystem services.

Of these 29 ecosystem services, there was strong evidence (+++) of direct
contributions by mahseer fishes to all seven cultural services, but only for two
provisioning services (food and genetic resources), two regulating services (both
relating to the role in mahseer in controlling disease vectors) and no supporting
services. Mahseer played roles inferred from other fishes (++) in just three
ecosystem services, relating to roles in ecosystem cycling contributing to fresh
water, pollination and seed dispersal, and nutrient cycling. These roles in ecosystem
functions also led to inference of roles (+) in 15 of the 36 assessed services,
including seven of the 14 assessed regulating services and five of the six assessed
supporting services.

A recent structured literature review by Pinder et al. (2019) of papers published
between 1950 and 2017 addressing the genus Tor concluded that the literature was
substantially biased towards the utilitarian value of mahseer in aquaculture and as
food, with some papers also addressing angling and spiritual values. Cumulative
publication numbers from a total of 591 papers produced before the end of 2017
expressed by selected contextual category were: Biology & Aquaculture (361: 61%);
Molecular / Taxonomy (90: 15%); Other (including Review, Recreation &
Conservation) (71: 12%); Ecology (54: 9%); and Wild Population Status (15: 25%).
The review found a substantial lack of literature addressing the importance of wild
populations of mahseer, the roles they play within ecosystems, and their non-
utilitarian contributions to human wellbeing, broadly consistent with the evidence
gaps identified in this study.

4. Discussion

The significant number of cultural services for which there is evidence of direct
contributions reflects the societal importance of mahseer fishes. By contrast,
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utilitarian uses reflected by direct evidence for just two of the nine assessed
provisioning services (food and genetic resources) is somewhat surprising,
particularly given the widespread exploitation of aquatic and other natural resources
as food in Asian countries. However, evidence from pottery and other
archaeological records (such as bones in middens) as well as the worship of
mahseer fishes across much of their biogeographic range (see Supplementary
Material) suggests that mahseer were widely worshipped, imposing taboos on their
consumption. Mahseer are nonetheless eaten by some communities, and the
provisioning service of ‘genetic resources’ is also directly linked to their value as food
particularly in aquaculture and in the stocking of rivers.

Despite a sparse literature giving little direct evidence of the value of the
contributions of mahseer fishes to many of the other positively assessed ecosystem
services (18 out of 29 positively assessed services were ++ or +), these fishes
nonetheless play important roles as indicators of the wider benefits provided by the
habitats supporting their populations. The loss of mahseer from a system would
therefore be indicative of the loss or degradation of these wider but nonetheless
important ecosystem services being compromised or lost (notably those relating to
fresh water provision, carbon and nutrient cycling, pollination and seed dispersal,
and maintenance of hydrological regimes). Despite a lack of direct evidence of
contributions to all ecosystem services, all services are inherently interdependent.
This highlights the importance of accounting for all of these values, including those
relating to the often-overlooked supporting services, within decision-making. It also
recognises that indicator organisms such as mahseer fishes have roles beyond
simply reflecting the vitality of the ecosystems. They can also indicate the resilience
of the ecosystems that support them and the capacity of these systems to provide a
wide range of societally important ecosystem service benefits. This in turn is
important in terms of the contributions that ecosystem services make to meeting the
SDGs, and inter alia supporting continuing multiple dimensions of human well-being.
Figure 1 represents these flows of benefits provided by mahseer fishes and the
ecosystem that support them.

Figure 1: Schematic illustrating flows of multiple and diverse ecosystem services
from mahseer fishes and the habitats that support them, in providing direct and
indirect benefits for human wellbeing
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Mahseer fishes and the habitats that support them provide multiple and diverse
ecosystem services, directly and indirectly, of benefit to human wellbeing

Garcia-Moreno et al. (2014) recognise that maintaining freshwater biodiversity is
essential to ensure the future functionality of freshwater ecosystems, securing the
socio-economic benefits they provide for people. At present, substantial research
gaps exist relating specifically to mahseer fishes and their supportive habitats to
flows of ecosystem services, and onwards to the meeting diverse human needs.
These knowledge gaps endorse the view of Reid et al. (2017) that the ecological
roots underpinning the SDGs are still substantially neglected. Nonetheless, it is wise
to adopt a precautionary principle to protect these and other prominent species, not
merely for inherent conservation purposes but as a proxy strategy for securing a
wide range of direct and indirect societal benefits for local communities provided
both by these fishes and the habitats that support them.

Although this assessment is incomplete, primarily due to major gaps in the literature,
it does demonstrate the utility of the ecosystem services framework for recognising
multiple, interlinked societally important values of iconic species and the supportive
ecosystems of which they are indicative. It does so by spanning inherently
interlinked, often fragmented, policy interests. It also presents a framework for the
integration of different values systems and societal perspectives, enabling more
relevant dialogue and decision-making in respect of resource exploitation, reducing
impacts and applying effective conservation measures. It can also provide a

Societal benefits of mahseer fishes and habitats as a basis for conservation; Page 10



FULL TEXT: Everard, M., Pinder, A.C., Claussen, J.E. and Orr, S. (In press). Assessing the societal
benefits of mahseer (Tor spp.) fishes and habitats to strengthen the basis for their conservation.
Aquatic Conservation. In press.

platform for assessing often overlooked unintended consequences of development
decisions. For example, the systemic ramifications of dam-building decisions for
mahseer populations, both directly and as indicators of the functioning of their
supporting habitats are often ignored in dam-building decisions, but could be
revealed by an ecosystem services analysis potentially promoting parallel appraisal
of alternative development options or enhanced mitigation measures (Everard,
2013).

The systemic overview provided by ecosystem services assessment can help
identify multi-beneficial uses of natural resources, such as the development of
recreational angling markets around mahseer beneficial to local livelihoods and the
regional economy based on conservation-minded catch-and-release angling. Thus,
recreational catch-and-release angling without killing fish to secure economic
returns, whilst recognising the spiritual and cultural importance of these fishes, has
been demonstrated in the Western Ramganga River in the Indian Himalayas
(Everard & Kataria, 2011) and in South India (Pinder & Raghavan, 2013).

This type of dialogue and enquiry can also promote awareness of the often formerly
disregarded though diverse socio-economic and cultural values provided by species
and the continued functioning of the habitats that support them for multiple. It can
thereby alert policy-makers, as well as local resource managers and beneficiary
communities, to the importance of functioning aquatic ecosystems and the key role
of mahseer as indicators. This in turn should lead to better policy and practical
management decisions and actions about their implications for vulnerable and
indicator taxa, helping to secure environmental protection and conservation
measures that contribute to sustainable development. This assessment of
ecosystem service provision by mahseer fishes and their supporting habitats can
serve as a model for broadening perception of the values of other focal taxa and the
ecosystems that support them.

5. Acknowledgements

The senior author’s research time and conference registration fees were supported
by the International Water Security Network, which is funded by Lloyd’s Register
Foundation, a charitable foundation helping to protect life and property by supporting
engineering-related education, public engagement and the application of research.
The senior author is also grateful to the World Wide Fund for Nature (WWF) for
funding travel, and to the Fisheries Conservation Foundation for supporting
accommodation, when attending the 2"? International Mahseer conference in Chiang
Mai, Thailand, in February 2020.

6. Data Availability Statement

Societal benefits of mahseer fishes and habitats as a basis for conservation; Page 11



FULL TEXT: Everard, M., Pinder, A.C., Claussen, J.E. and Orr, S. (In press). Assessing the societal
benefits of mahseer (Tor spp.) fishes and habitats to strengthen the basis for their conservation.
Aquatic Conservation. In press.

All data used in this study are summarised within the paper.

7. Conflict of Interest statement

The authors have no conflict of interest affecting objectivity in this paper including
any of: patent or stock ownership, membership of a company board of directors,
membership of an advisory board or committee for a company, or consultancy for or
receipt of speaker's fees from a company.

8. References

Bagstad, K.J., Semmens, D.J., Waage, S. & Winthrop, R. (2013). A comparative
assessment of decision-support tools for ecosystem services quantification and
valuation. Ecosystem Services, 5, 27-39. DOI:
https://doi.org/10.1016/j.ecoser.2013.07.004.

Belmar, O., Vila-Martinez, N., Ibafiez, D. & Caiola, N. (2018). Linking fish-based
biological indicators with hydrological dynamics in a Mediterranean river: Relevance
for environmental flow regimes. Ecological Indicators, 95(1), 492-501. DOI:
https://doi.org/10.1016/j.ecolind.2018.06.073.

Braat, L.C. & de Groot, R. (2012). The ecosystem services agenda: bridging the
worlds of natural science and economics, conservation and development, and public
and private policy. Ecosystem Services, 1, 4-15. DOI:
https://doi.org/10.1016/j.ecoser.2012.07.011

Brondizio, E.S., Settele, J., Diaz, S. & Ngo, H.T. (2019). Global assessment on
biodiversity and ecosystem services of the intergovernmental science-policy platform
on biodiversity and ecosystem services (IPBES). IPBES. Available at:
https://www.ipbes.net/global-assessment-biodiversity-ecosystem-services.
[Accessed 14 May 2021]

Carrizo, S.F., Jahnig, S.C., Bremerich, V., Freyhof, J., Harrison, I., He, F. et al.
(2017). Freshwater megafauna: Flagships for freshwater biodiversity under threat.
BioScience, 1(10), 1-9. DOI: https://doi.org/10.1093/biosci/bix099.

Carrizo, S.F., Smith, K.G. & Darwall, W.R.T. (2013). Progress towards a global
assessment of the status of freshwater fishes (Pisces) for the IUCN Red List:
Application to conservation programmes in zoos and aquariums. International Zoo
Yearbook, 47(1), 46-64.

Societal benefits of mahseer fishes and habitats as a basis for conservation; Page 12


https://doi.org/10.1016/j.ecoser.2013.07.004
https://doi.org/10.1016/j.ecolind.2018.06.073
https://doi.org/10.1016/j.ecoser.2012.07.011
https://www.ipbes.net/global-assessment-biodiversity-ecosystem-services
https://doi.org/10.1093/biosci/bix099

FULL TEXT: Everard, M., Pinder, A.C., Claussen, J.E. and Orr, S. (In press). Assessing the societal
benefits of mahseer (Tor spp.) fishes and habitats to strengthen the basis for their conservation.
Aquatic Conservation. In press.

Cooke, S.J., Paukert, C. & Hogan, Z. (2012). Endangered river fish: factors hindering
conservation and restoration. Endangered Species Research, 17(2), 179-191. DOI:
https://doi.org/10.3354/esr00426.

Cooke, S.J., Allison, E.H., Beard, T.D., Arlinghaus, R., Arthington, A.H., Bartley, D.M.
et al. (2016). On the sustainability of inland fisheries: Finding a future for the forgotten.
Ambio, 45, 753-764. DOI: https://doi.org/10.1016/j.biocon.2020.108932.

Costanza, R., d’Arge, R., de Groot, R., Farber, S., Grasso, M., Hannon, B. et al.
(1997). The value of the world’s ecosystem services and natural capital. Nature,
387(6630), 253—-260.
http://www.nature.com/nature/journal/v387/n6630/pdf/387253a0.pdf.

Costanza, R., de Groot, R., Braat, L.C., Kubiszewski, I., Fioramonti, L., Sutton, P. et
al. (2017). Twenty years of ecosystem services: How far have we come and how far
do we still need to go? Ecosystem Services, 28, 1-16.
https://doi.org/10.1016/j.ecoser.2017.09.008.

Dudgeon, D. (2002). An inventory of riverine biodiversity in monsoonal Asia: present
status and conservation challenges. Water Science and Technology, 45(11), 11-19.

Dudgeon, D., Arthington, A.H., Gessner, M.O., Kawabata, Z.1., Knowler, D.J.,
Lévéque, C. et al. (2006). Freshwater biodiversity: Importance, threats, status and
conservation challenges. Biological Reviews 81(2), 163-182.
https://doi.org/10.1017/S1464793105006950.

Everard, M. (2013). The hydropolitics of dams: Engineering or ecosystems? Zed
Books, London.309pp.

Everard, M. (2017). Ecosystem services: Key issues. Routledge, London. 200pp.

Everard, M. & Kataria, G. (2011). Recreational angling markets to advance the
conservation of a reach of the Western Ramganga River. Aquatic Conservation:
Marine and Freshwater Ecosystems, 21(1), 101-108. DOI:
https://doi.org/10.1002/agc.1159.

Everard, M. & Longhurst, J.W.S. (2018). Reasserting the primacy of human needs to
reclaim the 'lost half' of sustainable development. Science of the Total Environment,
621, 1243-1254. DOI: https://doi.org/10.1016/].scitotenv.2017.10.104.

Finlayson C.M, Davidson N., Pritchard D., Milton G.R. & Mackay H. (2011). The
Ramsar Convention and ecosystem-based approaches to the wise use and
sustainable development of wetlands. Journal of International Wildlife Law and
Policy, 14, 176-198. DOI: https://doi.org/10.1080/13880292.2011.626704.

Societal benefits of mahseer fishes and habitats as a basis for conservation; Page 13


https://doi.org/10.3354/esr00426
https://doi.org/10.1016/j.biocon.2020.108932
http://www.nature.com/nature/journal/v387/n6630/pdf/387253a0.pdf
https://doi.org/10.1016/j.ecoser.2017.09.008
https://doi.org/10.1017/S1464793105006950
https://doi.org/10.1002/aqc.1159
https://doi.org/10.1016/j.scitotenv.2017.10.104
https://doi.org/10.1080/13880292.2011.626704

FULL TEXT: Everard, M., Pinder, A.C., Claussen, J.E. and Orr, S. (In press). Assessing the societal
benefits of mahseer (Tor spp.) fishes and habitats to strengthen the basis for their conservation.
Aquatic Conservation. In press.

Garcia-Moreno J., Harrison, 1.J., Dudgeon, D., Clausnitzer, V., Darwall, W., et al.
(2014) Sustaining freshwater biodiversity in the anthropocene. In: Bhaduri A.,
Bogardi J., Leentvaar J., Marx S. (eds) The global water system in the
anthropocene. Springer Water. Springer, Cham. https://doi.org/10.1007/978-3-319-
07548-8 17.

He, F., Zarfl, C., Bremerich, V., Henshaw, A. & Darwall, W. (2017). Disappearing
giants: A review of threats to freshwater megafauna. WIREs Water. €1208. DOI:
https://doi.org/10.1002/wat2.1208.

IPBES. (2020). Models of drivers of biodiversity and ecosystem change.
Intergovernmental panel on climate change (IPBES). Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services (IPBES). [Online.] Available
at: https://ipbes.net/models-drivers-biodiversity-ecosystem-change [Accessed 14
May 2021].

IPCC. (2018). Summary for policymakers. In: Global warming of 1.5°C. An IPCC
special report on the impacts of global warming of 1.5°C above pre-industrial levels
and related global greenhouse gas emission pathways, in the context of
strengthening the global response to the threat of climate change, sustainable
development, and efforts to eradicate poverty. Intergovernmental Panel on Climate
Change (IPCC). Available at: https://report.ipcc.ch/sr15/pdf/sr15 spm_final.pdf.
[Accessed 14 May 2021].

Lynch, A.J., Elliott, V., Phang, S.C., Claussen, J.E., Harrison, |., Murchie, K.J. et al.

(2020a). Inland fish and fisheries integral to achieving the Sustainable Development
Goals. Nature Sustainability, 3, 579-587. https://doi.org/10.1038/s41893-020-0517-
6.

Lynch, A.J., Cooke, S., Deines, A., Bower, S.D., Bunnell, D.B., Cowx, |.G., et al.
(2020b). The social, economic, and environmental importance of inland fish and
fisheries. Environmental Reviews, 24(2), 115-121. https://doi.org/10.1139/er-2015-
0064.

Mcintyre, P.B., Reidy Liermann, C.A. & Revenga, C. (2016). Linking freshwater
fishery management to global food security and biodiversity conservation.
Proceedings of the National Academy of Sciences of the United States of America,
113, 12880— 12885.

Millennium Ecosystem Assessment. (2005). Ecosystems and human well-being.
Washington DC: Island Press.

Nautiyal, P. (2014). Review of the art and science of Indian mahseer (game fish)
from nineteenth to twentieth century: Road to extinction or

Societal benefits of mahseer fishes and habitats as a basis for conservation; Page 14


https://doi.org/10.1007/978-3-319-07548-8_17
https://doi.org/10.1007/978-3-319-07548-8_17
https://doi.org/10.1002/wat2.1208
https://ipbes.net/models-drivers-biodiversity-ecosystem-change
https://report.ipcc.ch/sr15/pdf/sr15_spm_final.pdf
https://doi.org/10.1038/s41893-020-0517-6
https://doi.org/10.1038/s41893-020-0517-6
https://doi.org/10.1139/er-2015-0064
https://doi.org/10.1139/er-2015-0064

FULL TEXT: Everard, M., Pinder, A.C., Claussen, J.E. and Orr, S. (In press). Assessing the societal
benefits of mahseer (Tor spp.) fishes and habitats to strengthen the basis for their conservation.
Aquatic Conservation. In press.

conservation? Proceedings of the National Academy of Sciences, India Section B:
Biological Sciences, 84(2), 215-236.

Pinder, A.C., Britton, J.R., Harrison, A.J., Nautiyal, P., Bower, S.D., Cooke, S.J. et al.
(2019). Mahseer (Tor spp.) fishes of the world: Status, challenges and opportunities
for conservation. Reviews in Fish Biology and Fisheries, 29, 417-452.
https://doi.org/10.1007/s11160-019-09566-y.

Pinder, A.C. & Raghavan, R. (2013). Conserving the endangered mahseers (Tor
spp.) of India: The positive role of recreational fisheries. Current Science, 104(11),
1472-1475.

Pinder, A.C., Raghavan, R. & Britton, J.R. (2020). From scientific obscurity to
conservation priority: Research on angler catch rates is the catalyst for saving the
hump-backed mahseer Tor remadevii from extinction. Aquatic Conservation: Marine
and Freshwater Ecosystems, 30(9), 1809-1815.

Ramsar Convention. (2018). Resolution XIII.17: Rapidly assessing wetland
ecosystem services. 13th Meeting of the Conference of the Contracting Parties to
the Ramsar Convention on Wetlands. Ramsar Convention Secretariat, Gland.
https://www.ramsar.org/about/cop13-resolutions. [Accessed 14 May 2021]

Reid, G.M., Contreras MacBeath, T. & Csatadi, K. (2013). Global challenges in
freshwater-fish conservation related to public aquariums and the aquarium
industry. International Zoo Yearbook, 47(1), 6-45. https://doi.org/10.1111/izy.12020.

Reid, A.J., Brooks, J.L., Dolgova, L., Laurich, B., Sullivan, B.G., Szekeres, P. et al.
(2017). Post-2015 Sustainable Development Goals still neglecting their
environmental roots in the Anthropocene. Environmental Science & Policy, 77, 179—
184. DOI: https://doi.org/10.1016/j.envsci.2017.07.006.

Reid, A.J., Carlson, A.K., Creed, |.F., Eliason, E.J., Gell, P.A., Johnson, P.T.J. et al.
(2019). Emerging threats and persistent conservation challenges for freshwater
biodiversity. Biological Reviews, 94(3), 849-873.DOI:
https://doi.org/10.1111/brv.12480.

Richter, B.D., Braun, D.P., Mendelson, M.A. & Master, L.L. (1997). Threats to
imperilled freshwater fauna: Amenazas a la fauna dulceacuicola en riesgo.
Conservation Biology, 11(5), 1081-1093. Available at:
https://www.jstor.org/stable/2387390. [Accessed 14 May 2021]

Sala, J.E. & Torchio, G. (2019). Moving towards public policy-ready science:
Philosophical insights on the social-ecological systems perspective for conservation
science. Ecosystems and People, 15(1), 232-246. DOI.
https://doi.org/10.1080/26395916.2019.1657502.

Societal benefits of mahseer fishes and habitats as a basis for conservation; Page 15


https://doi.org/10.1007/s11160-019-09566-y
https://www.ramsar.org/about/cop13-resolutions
https://doi.org/10.1111/izy.12020
https://doi.org/10.1016/j.envsci.2017.07.006
https://doi.org/10.1111/brv.12480
https://www.jstor.org/stable/2387390
https://doi.org/10.1080/26395916.2019.1657502

FULL TEXT: Everard, M., Pinder, A.C., Claussen, J.E. and Orr, S. (In press). Assessing the societal
benefits of mahseer (Tor spp.) fishes and habitats to strengthen the basis for their conservation.
Aquatic Conservation. In press.

Schmidt, K., Sachse, R. & Walz, A. (2016). Current role of social benefits in
ecosystem service assessments. Landscape and Urban Planning, 149, 49-64. DOI:
https://doi.org/10.1016/j.landurbplan.2016.01.005.

TEEB. (2010). The Economics of Ecosystems and Biodiversity ecological and
economic foundations. Earthscan: London and Washington. 33pp.

UN. (2015). Sustainable Development Goals. United Nations. Available at:
https://sustainabledevelopment.un.org/?menu=1300. [Accessed 14 May 2021]

Wood, S.L.R., Jones, S.K., Johnson, J.A., Brauman, K.A., Chaplin-Kramere, R.,
Fremier, A. et al. (2018). Distilling the role of ecosystem services in the Sustainable
Development Goals. Ecosystem Services, 29A, 70-82. DOI:
https://doi.org/10.1016/j.ecoser.2017.10.010.

WWE. (2020). Living planet report 2020: Bending the curve of biodiversity loss.
World Wide Fund for Nature (WWF), Gland, Switzerland. Available at:
https://livingplanet.panda.org/en-gb/ [Accessed 14 May 2021].

WWEF. (2021). The World’s forgotten fishes. WWF International, Gland, Switzerland.

Available at:

https://wwf.panda.org/discover/our focus/freshwater practice/the world s forgotten
fishes/ [Accessed 14 May 2021].

Youn, S-J., Taylor, W.W., Lynch, A.J., Cowx, |.G., Beard, T.D., Bartley, D. et al.
(2014). Inland capture fishery contributions to global food security and threats to their
future. Global Food Security, 3(3—4), 142-148. DOI:
https://doi.org/10.1016/j.9fs.2014.09.005.

Zarkami, R., Darizin, Z., Pasvisheh, R.S., Bani, A. & Ghane, A. (2019). Use of data-
driven model to analyse the occurrence patterns of an indicator fish species in river:
A case study for Alburnoides eichwaldii (De Filippi, 1863) in Shafaroud River, north
of Iran. Ecological Engineering, 133, 10-19. DOI:
https://doi.org/10.1016/j.ecoleng.2019.04.018.

Societal benefits of mahseer fishes and habitats as a basis for conservation; Page 16


https://doi.org/10.1016/j.landurbplan.2016.01.005
https://sustainabledevelopment.un.org/?menu=1300
https://doi.org/10.1016/j.ecoser.2017.10.010
https://livingplanet.panda.org/en-gb/
https://wwf.panda.org/discover/our_focus/freshwater_practice/the_world_s_forgotten_fishes/
https://wwf.panda.org/discover/our_focus/freshwater_practice/the_world_s_forgotten_fishes/
https://doi.org/10.1016/j.gfs.2014.09.005
https://doi.org/10.1016/j.ecoleng.2019.04.018

