Standardised protocol for baseline survey and
stakeholder engagement for the assessment, monitoring
and reporting of Ganges river dolphin populations in the

Ganges-Brahmaputra-Meghna river basin

Commissioned by the World Bank.
July 2024



Table of Contents

1. Introduction 7
1.1. Document objective 7
1.2. Overview 7
1.3. WB’s River Dolphin Coordination and Management Platform 9
1.4. River dolphins worldwide 10
1.5. The Ganges river dolphin 12
2. River dolphin abundance assessment 14
2.1. Introduction 14
2.1.1. Background to abundance estimation - principles and definitions 14
2.1.2. Summary of river cetacean abundance estimation methods 16
2.1.3. Brief summary of Ganges river dolphin survey methods to-date 19
2.2 Method for abundance assessment of Ganges river dolphins 20
2.3. Survey design and field data collection 22
2.3.1. Survey track design 22
2.3.2. Stakeholder involvement 22
2.3.3. Survey time of year 23
2.3.4. Seasonality and survey frequency 23
2.3.5. Satellite images for navigation 24
2.3.6. Survey boats and speed 24
2.3.7. Equipment 25
2.3.8. Data collection 25
2.3.9. Observer teams and data recording 26
2.3.10. Training of observer teams 27
2.4. Survey analysis and reporting 27
2.4.1. Field data storage, processing and analysis 27
2.4.2. Data analysis 28
2.4.3. Reporting 29
2.4.4, Detecting trends in abundance 29
2.5. Other considerations when investigating Ganges river dolphin populations 30
2.5.1. Determining the sex of Individuals 30
2.5.2. Determining the age of Individuals 30

Page 2



2.5.3. Drones 30
2.5.4. Environmental DNA (eDNA) 31
2.5.5. Acoustics 31
2.5.6. Concurrent rapid threat, water quality and river hydrology assessment during dolphin surveys 31
3. River dolphin habitat assessment 33
3.1. Purpose of the habitat assessment 33
3.2. Previous habitat assessment approaches 33
3.3. Practical habitat assessment for river dolphins 37
3.4. When to conduct habitat assessments 39
o 39
3.5. Ganges river dolphin habitat assessment in the GBM river basin: a systematic approach 39
3.6. Engagement of stakeholders in the habitat assessment process 49
3.7. Provisional equipment list for the habitat assessment 49
4. Emergency response approaches 50
4.1. Rapid health assessment of live dolphins 51
4.2. Necropsies 52
4.3. Bycatch and mortality monitoring network 52
5. Strategic conservation approaches for the GBM river basin 53
5.1. Existing Protected Areas, Key Biodiversity Areas and Ramsar sites in the GBM river basin 55
5.2. NBSAPs; integrating the Kunming Montreal Global Biodiversity Framework for the Ganges river dolphins 62
5.2.1. Spatial planning 63
5.2.2. Key Biodiversity Areas 64
5.2.3. Other Effective Area-Based Conservation Measures (OECMs) 65
5.2.4. Freshwater Challenge 66
6. Stakeholder mapping and engagement 67
7. Implementation and progression of the Protocol 69
8. References 71
9. Annexures 78
Annex 1: Provisional equipment list for Ganges river dolphin population abundance survey 78
Annex 2: Example data recording forms 79
A2.1 GANGES RIVER DOLPHIN SIGHTING FORM 79
A2.2 GANGES RIVER DOLPHIN SURVEY - EFFORT LOG FORM 81

Page 3



A2.3 HUMAN ACTIVITIES THREAT LOG (requires adaptation for each river) 83

Annex 3: Decision tree for selecting the most appropriate methodology to estimate abundance for any river dolphin

species 84
Annex 4: Provisional equipment list for Ganges river dolphin habitat assessment 1
Annex 5: Standardised necropsy form (8 pages) 2

Page 4



List of Figures

Figure 1: River dolphin river basins worldwide (from www.riverdolphins.org website)
Figure 2: Ganges river dolphin distribution map (Kelkar et al., 2022)
Figure 3: Decision tree for selecting the most appropriate methodology to estimate abundance of Ganges river dolphins

Figure 4. A depiction of the organisation of observers and data recorder on a dolphin survey boat viewing platform
illustrating the area searched

Figure 5: Decision tree to select habitat sampling method

Figure 6: How habitat data collected by different sampling techniques can be used to characterise and evaluate Ganges
river dolphin habitats

Figure 7: The ideal mid-section method for establishing and measuring the cross-section to determine the total
discharge

Figure 8: Systematic workflow for river dolphin habitat assessment in the GBM river basin

Figure 9. Map of Ganges river dolphin habitat (adapted from Sinha et al., 2014 and Kelkar et al., 2022) showing
population data, PAs, KBAs and Ramsar sites; KBA polygons downloaded from www.keybiodiversityareas.com

List of Tables

Table 1: River dolphin range countries and IUCN Red List status

Table 2: Replicated from Table 1 - Richman, N. I, Gibbons, J. M., Turvey, S. T., Akamatsu, T., Ahmed, B., Mahabub, E.,
Smith, B. D., and Jones, J. P. (2014) To See or Not to See: Investigating Detectability of Ganges River Dolphins Using a
Combined Visual-Acoustic Survey, PLoS ONE 9, e96811

Table 3: A compilation of prior habitat assessment studies conducted in the GBM river basin

Table 4: Replicated from Barratclough, A., Wells R. S., Schewacke, L. H., Rowles, T. K., Gomez, F. M., Fauquier, D. A,,
Sweeney, J. C., Townsend, F. |, Hansen, L. J. Zolman, E. S., Balmer, B., C., and Smith, C. R. (2019) Health Assessments of
Common Bottlenose Dolphins (Tursiops truncatus): Past, Present, and Potential Conservation Applications. Frontiers in
Veterinary Sciences

Table 5: Active conservation projects (2024) and opportunities

Table 6: Legally Protected Areas (PAs) and internationally recognised areas (KBA/Ramsar) established for Ganges river
dolphins

Table 7: Percentage of river dolphin habitat that is recognized under a category (protected, Ramsar or KBA)
Table 8: River dolphin habitat in terms of total river length in km (GBM and Karnaphuli-Sangu)

Table 9: KM-GBF targets relevant to area-based conservation

Table 10: Key Biodiversity Areas in river dolphin range countries and Asia

Cover photos credits

Top: Ganges river dolphin in Hooghly River, India, Mridil Janti, WWF-India,
Bottom: Ganges river dolphin, Reza Ul Haq Chowdhry, UNDP

Page 5


http://www.riverdolphins.org/

Authors:

Dr. Gill Braulik, Sea Mammal Research Unit, University of St Andrews, UK
Dr. Uzma Khan, WWF-International

Dr. Shambhu Paudel, University of Arizona, USA

Ms. Diane Walkington, WWF-International

Acknowledgement:

We would like to thank the following river dolphin experts for their valuable contributions towards the content of this
document:

Dr. Md. Zahangir Alom, WCS Bangladesh, and IUCN Cetacean Specialist Group

Prof. Md. Abdul Aziz, Jahangirnagar University, Bangladesh

Mr. Nitin Kaushal, WWF-India

Mr. Md. Shahnawaz Khan, WWF-India

Dr. Vishnupriya Kolipakam, Wildlife Institute of India

Dr. Mariana Paschoalini Frias, WWF-Brazil

Mr. Rajesh Sada, WWF-Nepal

Mr. Brian Smith, IUCN Cetacean Specialist Group

Dr. Fernando Trujillo, Omacha Foundation, and IUCN Cetacean Specialist Group

Prof. Wang Ding, Institute of Hydrobiology of the Chinese Academy of Science, and IUCN Cetacean Specialist Group

Page 6



1. Introduction

1.1. Document objective

The purpose of this document is to provide a Protocol that describes the most appropriate
methodologies to survey Ganges river dolphin (Platanista gangetica) populations and their habitat in
the Ganges Brahmaputra Meghna (GBM) river basin.

The Protocol provides guidance on the most suitable survey methods and when to apply them, data
collection processes, equipment needs, data analysis methods, and reporting requirements. It also
outlines stakeholder engagement planning and approaches that underpin the implementation of
these methods.

This Protocol has been developed as a guideline for World Bank (WB) financed projects in the GBM
river basin, for use in Environment and Social Impact Assessments (ESIAs) and the corresponding
project Environment and Social Management Plans (ESMPs), and to inform cumulative impact
assessments (CIAs) on the Ganges river dolphin at the river basin level.

The Protocol also has wider applicability: (i) for other (non-WB-funded) development projects in the
river basin, and (ii) to help standardise the monitoring of Ganges river dolphin populations and their
habitat throughout their range in the GBM river basin.

1.2. Overview

The WB’s vision is to mainstream nature conservation across economic policy, development
programmes, and strategic sectoral investments, in accordance with the ambitions of the Global
Biodiversity Framework (GBF). WB-financed projects are therefore required to implement actions to
protect and conserve biodiversity and habitats, to promote the sustainable management of living
natural resources, and to support the livelihoods of local communities, through the adoption of
practices that integrate conservation needs and development priorities. This is in accordance with
the WB’s Environmental and Social Standard (ESS) 6: Biodiversity Conservation and Sustainable
Management of Living Natural Resources?.

The Protocol described in this document supports the delivery of these objectives for the Ganges
river dolphin in the GBM river basin; a river basin that crosses the river dolphin range countries of
Bangladesh, India and Nepal. The document provides a Ganges river dolphin assessment and
monitoring Protocol for gathering baseline and iterative data relating to river dolphins and their
habitat in order to support the assessment of impacts and the formulation of actions for their
conservation and management. It is not intended to provide an exhaustive assessment of all data
that may be helpful to better understand and conserve Ganges river dolphins. It is a tool for
selecting the most appropriate method to survey Ganges river dolphin populations and their habitat
following a standardised methodology that enables generation and analysis of robust data related
to:

e river dolphin abundance - focused on the methodology required for regular monitoring of
distribution, abundance, and trends in abundance;

1 https://documentsl1.worldbank.org/curated/en/924371530217086973/ESF-Guidance-Note-6-
Biodiversity-Conservation-English.pdf
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e the relationship between the river dolphins and their habitat, including the hydrology, ecology
and morphology of the river; and to guide the conservation and management of habitat that
is critical to the dolphins’ survival and growth;

e human use and threats posed to the river dolphins, their habitat, and their food sources;

e river dolphin emergency response approaches to incidents such as entanglements in fishing
gear, injuries due to vessel or propeller strikes, chemical/oil spills and entrapment in
irrigation canals or smaller pools in the dry season. This includes the recommended
approach for assessing a) the health of live river dolphins, and (b) necropsies and
associated data capture related to dead dolphins;

e strategic conservation approaches for the GBM river basin - describing strategic policy
intervention opportunities for the conservation of the Ganges river dolphin in the GBM river
basin countries in the context of the GBF,;

e stakeholder mapping and engagement - describing the overall approach to be taken to
engage stakeholders. Specific stakeholder engagement activities are described throughout
the Protocol.

The Protocol provides guidance on the most suitable survey methods and when to apply them, data
collection processes, equipment needs, data analysis, and reporting methods. It also outlines
stakeholder engagement planning and approaches that underpin the implementation of these
methods.

Given the extensive range of the Ganges river dolphin of approximately 13,500km (Kelkar et al.,
2022), this Protocol has been defined so that it is practical and replicable across rivers of all types
and sizes in all three countries, and can be replicated within a sensible and achievable time frame.

Establishing a robust baseline database is fundamental to protecting species of critical significance
such as the Ganges river dolphin, including capturing seasonal and inter-annual differences. This is
essential for the development of ESMPs, and for site specific Biodiversity Action Plans. It helps
project implementation partners to monitor and track risks continually, and to adapt to address
challenges. Monitoring regularly over the long term is essential for identifying any negative impact
trajectory, so that corrective actions can be taken and thereby avoid even a small negative
trajectory growing significantly over time.

Implementation opportunities for the Protocol include:

e gathering data throughout the area of a development project’s influence, for use in ESIAs
and the corresponding project ESMPs. Whilst it has been developed as a Protocol for WB-
financed projects, it can also be used for other development projects in the region;

e gathering data to inform the assessment of cumulative impacts on the Ganges river dolphin
at the river basin level;

e wider applicability, to help to standardise the monitoring of Ganges river dolphin populations
and their habitat throughout their range in the GBM river basin;

e identifying components in site specific action plans, such as habitat restoration, building
connectivity and enhancing the network of legally protected areas.

Page 8



The audience of this Protocol therefore includes the governments of Bangladesh, India and Nepal,
funding agency staff (e.g. WB) involved in the funding, planning and implementation of development
projects, other experts who are supporting and implementing the gathering and analysis of
assessment data, and the wider stakeholders in the GBM river basin. It should be noted that
some of the data gathering and analyses processes described in this Protocol are highly
specialised, and require relevant skills development and specialist involvement.

The national river dolphin action plans of Bangladesh, India and Nepal all state the importance of
understanding, protecting and securing river dolphin populations and their habitat, as well as the
importance of engaging local stakeholders in achieving this (BFD, 2021; DNPWC and DoFSC,
2021; Kolipakam et al., 2022; Sinha et al., 2010). Implementation of this Protocol is a major
contributor to achieving those objectives. In addition, this Protocol draws on other existing protocols,
for example the Wildlife Institute of India field guide to monitoring Ganges river dolphins (Qureshi et
al., 2021), to help ensure similarities and consistencies.

The Protocol described in this document is known as Protocol 1. A second complementary and
closely-aligned Protocol has also been developed, known as Protocol 2. Protocol 2 describes the
data collection process to inform the assessment of cumulative impacts on the Ganges river dolphin
in the GBM river basin. It outlines the spatial boundaries for an assessment of the cumulative
impacts on the dolphins, the potential pathways of impact, a decision-support system for evaluating
the significance of cumulative impacts, and the data needed to inform such an evaluation. Protocol
1 helps to gather, in a standardised manner, some of the data leveraged by Protocol 2.

At the time of writing this Protocol the WB is supporting nine projects in the GBM river basin, which
are at different stages of preparation and implementation. These projects are described in Protocol
2, along with their potential contribution to the cumulative impacts on the Ganges river dolphin. It is
critical to measure the cumulative impacts of these projects on the overall river basin and the river
dolphins, and to include, where possible, the impact of other (non WB-funded) development
projects, in that assessment.

1.3. WB'’s River Dolphin Coordination and Management
Platform

The South Asia Region (SAR) of the World Bank (WB) has launched a River Dolphin Coordination
and Management Platform to support their commitment to positive financing towards nature and
biodiversity. This Protocol 1, and Protocol 2, are components of that Platform. The River Dolphin
Platform’s goal is to improve and standardise the coordination and enhanced risk management of
WB-financed projects that pose potential risks and impacts to Ganges river dolphins in the GBM
river basin. The objectives of the Platform are to provide a set of resources (including action plans,
tools, data, and guidelines) that can help to inform and coordinate future WB investments in the
GBM river basin, guide a potential retrofit of existing investments, and create operational
efficiencies and synergies among its investments to support the conservation of Ganges river
dolphins.

The implementation of the River Dolphin Platform and its components reflects the recommendations
and guidelines provided in a 2021 study? commissioned by the WB. That study was developed by
WWE in partnership with the WB, river dolphin range state governments, and international and
national river dolphin experts. The objective of the study was to agree recommendations for the
effective and sustainable conservation and management of Ganges river dolphins in the GBM river

2 https://www.riverdolphins.org/wp-content/uploads/2024/04/Ganges-river-dolphins-gaps-and-recommendations. pdf
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basin. In that study the WB highlighted their support for ‘dolphin-sensitive developments?, and
integration of the following guiding principles in siting, design, construction, and operations:

e maintaining river connectivity: longitudinal (upstream/downstream), lateral (floodplain) and
vertical (groundwater/ river connectivity);

e safeguarding river dolphin habitats by maintaining a) environmental flows: quantity, quality,
and timing; b) prey base; c) substrate; d) water quality;

e protecting dolphins from harmful human activities including a) the threat of accidental
entanglement in fishing gears, b) the impact of underwater noise; c) the effects of high levels
of pollution; d) the effects of vessel traffic, including ship strikes and acoustic and physical
disturbance; and e) the effects of construction activities in and adjacent to the river channel;

e undertaking monitoring throughout the lifespan of projects, including preparation, pre-
construction, construction and operations, to ensure no direct or indirect adverse impact
takes place on the river dolphin population.

1.4, River dolphins worldwide

River dolphins* are an indicator of a healthy river and act as umbrella species in the river
ecosystem. They are found in eight countries in Asia and seven in South America®, and are the
apex predators in some of the world’s greatest river systems (see Figure 1). These rivers are also
the lifeblood of huge economies and hundreds of millions of people. Where freshwater dolphin
populations are thriving, it is likely that the overall river systems are stable — meeting the needs of
countless other wildlife species, the communities and the businesses that depend on them: for fish,
for drinking water, for irrigation and industrial use, and for energy production.

3 Those developments which by reason of their location, design, implementation and operations, avoid negative impacts
on the species and their habitats

4 The term ‘river dolphins’ in this document refers to both dolphin and porpoise species / subspecies/ populations that live
exclusively in rivers. The document reflects the Society for Marine Mammalogy Committee on Taxonomy, which is the
taxonomic authority for cetaceans, when describing the currently recognised species and subspecies of river dolphin.
https://marinemammalscience.org/science-and-publications/list-marine-mammal-species-subspecies/

5 Countries where river dolphins live: Bangladesh, Bolivia, Brazil, Cambodia, China, Colombia, Ecuador, Guyana, India,
Indonesia, Nepal, Myanmar, Pakistan, Peru, Venezuela.
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Figure 1: River dolphin river basins worldwide ( from www.riverdolphins.org website)
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All six surviving river dolphin species and populations in the world are classified as either

‘Endangered’ or ‘Critically Endangered’ on the [IUCN Red List of Threatened Species (Table 1).

Table 1: River dolphin range countries and IUCN Red List status

Range countries

River dolphin species

IUCN Red List status

Asia

Bangladesh, India, Nepal

Ganges river dolphin (Platanista
gangetica)

Endangered (Kelkar et
al., 2022)

Cambodia Irrawaddy dolphin (Orcaella brevirostris) | Critically Endangered
(Smith et al., 2023)

China Yangtze finless porpoise (Neophocaena | Critically Endangered
asiaeorientalis) (Wang et al., 2018)

India, Pakistan

Indus river dolphin (Platanista minor)

Endangered (Braulik et
al., 2022)

Indonesia Irrawaddy dolphin (Orcaella brevirostris) | Critically Endangered
(Jefferson et al., 2008)
Myanmar Irrawaddy dolphin (Orcaella brevirostris) | Critically Endangered

(Smith, 2004)

South America

Bolivia, Brazil, Colombia,
Ecuador, Guyana, Peru,
Venezuela

Amazon river dolphin (Inia geoffrensis)

Endangered (da Silva
etal., 2018)

Brazil, Colombia,
Ecuador, Peru

Tucuxi (Sotalia fluviatilis)

Endangered (da Silva
et al., 2020)
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The threats to these species are numerous; those that are most immediate, pervasive and severe,
are :

e flow regulation and habitat fragmentation and loss by water development projects (dams,
barrages, canals, and embankment construction projects);

e mortality from entanglement in fishing nets;
e targeted hunting of dolphins for oil and flesh;
e river pollution e.g. from mining, agriculture, and industrial development;

e disturbance from human activities related to vessel traffic, underwater noise, and
shoreline/riverfront development (Braulik et al., 2023; Kelkar et al., 2022).

Other threats include river bed sediment dredging, declining fish populations due to unsustainable
and illegal fishing practices such as electrofishing, risks of mortality from vessel and propeller
strikes, unsustainable tourism practices, sand mining, saline ingress from sea level rise (in the
Sundarbans Delta), and the impacts of climate change on basin-scale hydrological dynamics.

Genetic analyses are currently taking place to validate the taxonomy of the two South America river
dolphin species, with the potential that more species and subspecies will be identified, thereby
further increasing the sensitivity of conserving individual populations. Such an analysis was recently
completed for the Ganges river dolphin and the Indus river dolphin, which until 2021 were
considered to be two subspecies of the South Asian river dolphin. The taxonomy was revised during
2021, with the Ganges and Indus river dolphins now being recognised as two separate species
(Braulik et al., 2021).

1.5. The Ganges river dolphin

The Ganges river dolphin is distributed across the GBM and Karnaphuli—Sangu river systems in
Bangladesh, India, and Nepal (see Figure 2), with an estimated range of approximately 13,500km
(Kelkar et al., 2022). They are listed as declining and Endangered on the IUCN Red List, and are
accorded the highest global protection priority for conservation by being listed in Appendix | of CITES,
and Appendix | and Il of Convention on Migratory Species (CMS). In Bangladesh, the Ganges river
dolphin is categorised nationally as Vulnerable. In India, it is in Schedule | of the Indian Wildlife
(Protection) Act 1972, and was declared in 2009 as India’s National Aquatic Animal and the State
Aquatic Animal of Assam and Uttar Pradesh in 2008 and 2023 respectively. In Nepal, the river
dolphins are categorised nationally as ‘Critically Endangered’, and are listed on Schedule 1 of the
National Parks and Wildlife Conservation Act, 1973.

The range of the Ganges river dolphin is estimated to have declined by approximately 20% since the
late 1800s, and there is a suspected similarly declining population abundance over the same time
period (Kelkar et al., 2022; Paudel & Koprowski, 2020). This decline is primarily due to human
activities, including the cumulative impacts of river fragmentation and loss by dams and barrages,
lowered water levels due to abstraction for irrigation, particularly during the dry seasons, and other
human uses, including bycatch by fishers, illegal intentional hunting and capture, vessel and propeller
strikes, underwater noise disturbance, pollution from agriculture, mining, domestic sewage and
industrial effluents, and the effects of climate change on flow from rainfall and glacier melt.

Surveys to estimate the number of Ganges river dolphins have been conducted in many places in

India and Nepal, and in the Sundarbans of Bangladesh. Based on survey data available in 2021, the
total of all dolphin counts is estimated to be approximately 5,000 individuals (Kelkar et al., 2022).
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However, some significant parts of the range of the Ganges river dolphin have not been surveyed,
especially in Bangladesh, noting that analyses of recent large-scale surveys there are underway.

In Bangladesh, the Bangladesh Dolphin Action Plan 2020-2029 (Aziz, 2019) lists dolphins as
present in the Padma, Jamuna, Meghna, Brahmaputra, Karnaphuli, Sangu, Turag, Bhairab-Atai,
and Buriganga rivers. In India, river dolphins occur in the Ganges and Brahmaputra rivers and their
major tributaries, with irrigation barrages on the Ganges having isolated dolphins into discrete river
sections. These isolated small dolphin populations are more vulnerable to extinction and human
disturbance than if the river were still free flowing and dolphins could move freely throughout the
river system. Dolphin populations occur between the barrages on the upper Ganges (Bijnor, Narora,
Kanpur barrages), above and below the Girija barrage near the India-Nepal border on the Karnali-
Ghaghra River, and above and below the Farakka barrage on the India-Bangladesh international
border (Sinha, 2000; WII, 2018). Few dolphins survive in Nepal; the Karnali River has the largest
population, followed by the Koshi and Narayani rivers, with no record of dolphins occupying the
Mahakali River in recent years. Previous surveys estimate approximately 37 to 42 dolphins living in
Nepal, with a maximum of 12, and best estimate of 6 individuals, in the Karnali River during both pre
and post monsoon seasons (Khanal et al., 2015; Paudel et al., 2015,).

Ganges river dolphins are commonly found in deeper sections of the river, and they prefer counter-
currents induced by islands, river bends and confluences which are often also the places where
people prefer to fish (Kelkar et al., 2014; Smith,1993).

Figure 2 - Ganges river dolphin distribution map (Kelkar et al., 2022)
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2. River dolphin abundance assessment
2.1. Introduction

Population assessments of a species can include a large number of different types of studies,
methods, and approaches, all driven and selected depending on the exact question being
investigated. A river dolphin population assessment can include studies that answer some of the
following questions:

e How many dolphins occur in a specific area and how does this change seasonally?

e What is the relative abundance of dolphins in a specific area and where are the areas of high
and low encounter rates?

e What are the trends in dolphin abundance over time? Is abundance increasing or
decreasing?

e How often, and for how long, are specific habitats occupied by dolphins, and what factors
influence occupancy?

e What are the characteristics of preferred river dolphin habitat and how do these change
seasonally or over time, especially in response to water infrastructure development?

There are many more questions that may be asked, and scientific studies designed to answer them.

Section 2 of the Protocol focuses on describing a method that can be used to assess the first three
of the above points, to:

a) assess absolute abundance;
b) assess relative abundance and identify areas of high and low encounter rates;

c) allow for trends in abundance over time to be detected.

2.1.1. Background to abundance estimation - principles and definitions

Estimating abundance of a Ganges river dolphin population is generally the first requirement for any
monitoring programme. Distribution and abundance are arguably the most important aspects to
monitor, and are of fundamental importance for identifying critical habitats, and for assessing both
the effectiveness of management action and the impact of human activities within the dolphins’
habitat.

Evaluating trends in abundance over time, including changes in either the absolute humber of
individuals, or changes in relative abundance in the form of counts, encounter rates or group size
(see definitions below), requires that a standardised monitoring method is in place and replicated
using identical approaches across space and time. This needs to be implemented by a well-trained
team of observers and data analysts. Exact replication of the method ensures that any changes in
the documented numbers of dolphins are most likely due to actual changes in numbers, and are not
confounded by changes in approach. A number of different technical terms are referred to in this
section of the Protocol and these are therefore defined below:
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Definitions

Absolute Abundance: the total or ‘absolute’ number of dolphins in a defined geographic stretch
of river. Normally determined by sampling the population (using visual direct counts, acoustics, or
photograph ID) and correcting that sample for missed detections to account for bias (correction
can be conducted using a variety of methods including distance sampling, mark recapture) to
generate a point estimate with a range and measure of precision e.g. 102 river dolphins (95%
Confidence Interval: 88 - 125, CV=15%).

Correction Factor: A derived number used to correct an abundance estimate to account for
individuals not detected during surveys.

Density: the number of dolphins / km? of river.

Direct Count: a dolphin count that is uncorrected for bias and is therefore generally an
underestimate of absolute abundance.

Encounter Rate: the number of dolphins / km of river.

Relative Abundance/ Index of Abundance: an index of abundance that is proportional to
population size, apart from stochastic variation, allowing trends in the population in space or time
to be assessed. This might be a direct count, an encounter rate (2.1 dolphins / km) etc.

Trends in Abundance: changes in the number of dolphins present in a section of river over time.
These are statistically significant where the confidence intervals of two estimates do not overlap.

Population monitoring of river dolphins can generate direct counts, or evaluate relative abundance
or absolute abundance. All of these are useful in different ways and for different goals, and are
important in this Protocol. Each is described below.

Direct counts. The simplest kind of dolphin survey is a direct count. This generally involves a single
boat with observers travelling downstream visually counting dolphin groups, and the individuals in
each group, to give a total number of animals seen. A count is highly unlikely to represent true
population size (absolute abundance) for most marine mammals, especially cetaceans, because of
problems of bias (dolphins spend almost all their time underwater) and are difficult for observers to
see. Therefore, a count is a minimum measure of abundance (Hammond et al., 2021). A direct
count is of value in the absence of an estimate of absolute abundance, especially where surveys
are replicated over time using identical methods, and therefore can reveal trends over time (see
Braulik et al 2012, for examples from the Indus).

Absolute abundance. To obtain a realistic measure of the number of animals in a population,
abundance must typically be estimated. Estimation involves collecting a sample of data (a count -
see above) that can be extrapolated to the entire population using one or more statistical models
(Hammond et al. 2021). The models account for the animals that were missed during surveys and
give a higher estimate and, importantly, a measure of precision (a CV, SE or Confidence Intervals)
to describe the level of confidence in that estimate.

Relative abundance. This is an index of abundance, or a comparative figure that can be used to
compare one area with another, or to detect changes in the metric over time. Relative abundance
might be an encounter rate (dolphins/linear km) or a direct count. Surveys to generate relative
abundance can be simpler than those to estimate absolute abundance as modelling techniques to
correct counts for bias need not be used, but the key aspect is that each survey must be replicated
exactly to enable valid comparisons.
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2.1.2. Summary of river cetacean abundance estimation methods

Abundance estimation for river dolphins has been a topic of discussion for some decades because

the methods typically used to estimate abundance of cetaceans in marine environments — distance

sampling and mark recapture of photo-identified individuals — are challenging or impossible to apply
to some of the freshwater dolphin species due to the nature of their habitat and the morphology and
behaviour of the species (Frias, 2019; Smith & Reeves, 2000).

For many river dolphin species, off-the-shelf implementation of methods used to study cetaceans in
marine environments is not possible, and adaptations need to be made. In each river, and for each
population, a different set of constraints exist that mean it is necessary to evaluate what is the most
feasible way to design and implement a survey to estimate abundance.

As described in the WWF Global Best Practices Report (Willems et al., 2021), some of the key
aspects that must be considered when selecting a river dolphin methodology to estimate
abundance, and selecting the specific approach, include the following:

e Animal behaviour - is it possible to photograph animals reliably in the field? If yes,
abundance estimation with mark-recapture may be feasible. If not, photo-identification is
unlikely to be a useful tool.

e Morphology and unique markings - are a significant proportion of animals uniquely marked in
some way, particularly on the dorsal fin? If yes, photo-identification and mark-recapture
might be the most appropriate tool. If not, a visual or acoustic survey will need to be
selected.

e Animal distribution within the channel - are the animals uniformly distributed throughout the
river channel or is their distribution biased towards the river bank, the centre of the channel,
to the thalweg of the river, or towards some other habitat feature? Are there any
characteristics of the habitat that dolphins avoid? Does the distribution within the river
channel change according to season? If there is bias in distribution, then a stratified survey
design may be needed.

e Density gradients along the river - are there significant changes in density along the river?
Often density or encounter rate increases as one proceeds downstream, meaning it is not
valid to extrapolate data or correction factors from one location to another.

e Navigability of the river and size of the channel - is the river deep from bank to bank? Or is it
shallow? If it is deep, then pre-arranged systematic transect lines running from bank to bank
may be possible, allowing for distance sampling to be used. If it is shallow and boats can
only travel along a winding transect in the middle of the river, a different survey design will be
needed (Smith & Reeves, 2000).

e Availability of boats - are there large vessels with multiple platforms that are available and
that can navigate the channel without becoming stuck in the shallows? If yes, there are
options for double platform surveys and independent observers, and more options for towing
hydrophones. If the river is small and shallow, and the available vessels are also small,
double platform surveys are not possible or will be more difficult to organise, and correction
factors will need to be determined using only tandem surveys, acoustics, drones, or some
alternative option.

e Shipping and other safety concerns - are there many ships in the channel that could make
navigation along predefined transects dangerous and limit the ability to follow a predefined
survey path? If yes, then the survey design will need to account for this in order to reduce
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danger to survey teams (e.g. surveys for the Yangtze finless porpoise on the Yangtze River
in China).

e Acoustic considerations - is the river velocity very rapid with a lot of submerged vegetation,
meaning anchoring acoustic devices in fixed locations is difficult? Does the channel
configuration, depth and vessel traffic mean that towing a hydrophone array on a cable is
safe and possible, or will it get damaged, snagged or broken? If conditions allow towing a
wired acoustic array or an archival recorder (for example a SoundTrap) might be feasible
and could generate data on dolphin presence that can complement the visual data.

e Seasonality - most rivers with river cetaceans have huge seasonal variations in discharge
throughout the year. Local experience is important for determining the correct timing for a
survey. For example, surveying during the lowest water season may be optimal as the
dolphins are concentrated and therefore easier to count. However, if the river shrinks such
that it becomes unnavigable then surveying in mid-water might be most appropriate. In most
places, conducting surveys to estimate absolute abundance during high waters is unlikely to
be optimal because the habitat available to the dolphins expands dramatically into side-
channels, flooded forest, or additional inundated habitat, into which dolphins will disperse
and be more challenging to detect.

A decision tree for selecting the most appropriate methodology for any river dolphin species is
provided in Annex 3.

Distance sampling is a commonly used method for estimating abundance of organisms, including of
dolphins in the ocean, but has typically not been applied to surveying dolphins in South Asian rivers
because almost all assumptions of the method are violated. Because the rivers are generally
shallow, vessels cannot travel along straight, predefined transects, and have to travel along a
winding path that follows the deepest channel (the thalweg). The dolphins are also distributed
primarily in the thalweg and therefore are not independent of the trackline, which if not accounted
for would lead to an overestimation of abundance using distance sampling approaches (see Braulik
et al., 2012, Braulik & Kanwar et al., 2024, Richman et al., 2014 , Smith and Reeves, 2000, for more
detailed discussion of this topic). There are other challenges to accounting for the narrow and
changing strip width and the density gradients that occur as one moves from upstream (generally
low density) to downstream (generally high density) areas. The result is that distance sampling is
not used, and is not recommended for surveying Ganges river dolphins even in the larger
rivers of Bangladesh. The standard methodology is detailed in Buckland et al., (2015), and the
modifications used in distance sampling surveys in the Yangtze and the Amazon rivers and other
complex survey areas are explained in Paschoalini et al., (2021), Thomas et al., (2007), Vidal et al.,
(1999), and Zhao et al., (2008).

Mark-recapture analysis of photo-identified dolphins is another commonly used approach for
estimating abundance of cetaceans, and is used with some populations of river dolphins where
individuals can be identified. The approach involves taking high resolution photographs of the
dolphins dorsal fins and identifying individuals on the basis of unique and permanent marks and
scars or notches on the fins to create a catalogue of unique individuals. Subsequent sampling
surveys in the same area then identify more animals, some of which are already known and others
that will be new discoveries. The capture history of each known animal contributes to analysis using
mark-recapture models. An added advantage of using photo-ID is that it is possible to calculate
survival, movement patterns and also insights into calving interval, social structure and behaviour if
it is conducted over a long time period. However, it relies on the ability to consistently capture
photographs of all individuals in a group and that animals bear identifying marks that do not change
over time. Ganges river dolphins are very difficult to photograph because of extremely short
surfacing, they do not have a substantial dorsal fin, and there do not appear to be permanent clear
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marks on most animals, and therefore mark-recapture is not feasible as a method for
monitoring Ganges river dolphins.

Cetaceans are acoustically active, emitting clicks and in some cases also whistles, even when they
are underwater and out of sight. Acoustic surveys can therefore be a valuable tool to gather data on
their presence and the occupancy rates of key habitats etc. Acoustics are excellent for detecting
cryptic species that vocalise or in places where there are very small numbers of animals that are
hard to survey using other techniques (e.g. vaquita in the Gulf of Mexico (Jaramillo-Legorreta et al.,
2017). However, translating acoustic detections into animal abundance is challenging and these
methods are still under development (Hammond et al., 2021). An extensive design based study
using a passive acoustic monitoring network in the Baltic Sea was used recently to generate reliable
estimates of the abundance of the rare and cryptic critically endangered Baltic harbour porpoise
(Amundin et al., 2022). The estimation required the deployment of almost 300 acoustic recorders. A
number of aspects need to be known to estimate abundance, including the effective detection area
of the recording unit, an estimate of the proportion of time animals are in a non-clicking (i.e., silent)
state, and a determination of how distance-specific detection probability changes as a function of
environmental factors (Amundin et al., 2022). While acoustics may in certain circumstances be used
to estimate abundance of species that are difficult to observe at the surface, it is preferable to use
visual surveys to estimate abundance where animals can be relatively easily seen at the surface,
such as is the case with Ganges river dolphins. However, when paired with a visual survey, an
acoustic survey can add a valuable additional component to check for missed groups during visual
surveys, and help with generating a correction factor. Acoustics as a method to determine
population abundance is still under development and cannot be used alone to estimate
abundance of Ganges river dolphins.

In the last decade the problem of how to estimate abundance of each river dolphin population has
been largely solved, and in each location there are now relatively established and effective
approaches to estimate abundance that are being used by most monitoring groups. The different
approaches to abundance estimation that have been used for river dolphins are summarised by
Richman et al., (2014) and shown in Table 2.

Table 2: Replicated and updated from Table 1 - Richman, N. ., Gibbons, J. M., Turvey, S. T., Akamatsu,
T., Ahmed, B., Mahabub, E., Smith, B. D., and Jones, J. P. (2014) To See or Not to See: Investigating
Detectability of Ganges River Dolphins Using a Combined Visual-Acoustic Survey, PLoS ONE 9,
e96811.

Method Freshwater Advantages Disadvantages

cetacean

species
Distance sampling | Amazon river 1. Accounts for imperfect 1. Difficult or impossible to meet the
with visual line dolphin, Yantze detectability. assumption that dolphin distribution
transect finless porpoise is random relative to the transect line

because: a) cannot place a random
transect line as vessels are
constrained to following a deep
navigable channel or shipping lane;
b) dolphin distribution is not random
and may be confined to the same
deep navigable channel as vessels,
or clustered at river banks.

Mark-recapture Amazon river 1. Can account for imperfect 1. Difficult to identify or match
with photo dolphin, Irrawaddy detectability. individuals for species with limited
identification dolphin, Yangtze 2. Can also generate information | recognisable markings and short
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river dolphin

on social structure, longevity,
movement patterns, and survival.

surfacing times.

2. Possible invalidation of the
assumption of population closure
between sampling periods, due to the
length of time required to obtain
enough photographs in one sampling
period.

3. Requires a good photographer and
expensive equipment.

Single observer
team visual survey
(Direct count)

Amazon river
dolphin, Ganges
river dolphin, Indus
river dolphin.
Yangtze finless
porpoise

1. Requires little training or
expertise.

1. Cannot account for imperfect
detectability.

2. No measure of precision on
estimates.

Double observer-
team visual survey

Amazon river
dolphin, Ganges
river dolphin,
Irrawaddy dolphin,
Yangtze finless
porpoise

1. Can account for imperfect
detectability.

1. Requires a vessel large enough to
accommodate two independent
teams.

2. Impossible in small or shallow
rivers.

3. Extra cost associated with a larger
survey vessel and extra team.

4. Challenging to match detections in
high density areas.

Tandem-vessel
visual survey

Ganges river
dolphin,
Indus river dolphin

1. Can account for imperfect
detectability.

1. Cost of an additional survey
vessel.

2. Time delay between surveys adds
additional uncertainty to matching
detections.

3.Challenging to match detections in
high density areas.

Combined visual-
acoustic survey

Ganges river
dolphin, Indus river
dolphin, Yangtze
finless porpoise

1. Can account for imperfect
detectability..

2. A double-observer platform is
not needed and so the survey
can be carried out in small boats.
3. The small boats needed can
survey shallow rivers as well as
larger rivers.

4. Acoustic surveys yield higher
detection probabilities than visual
methods, so can provide more
precise estimates of abundance.

1. Requires expensive equipment.
2. Specialist expertise needed to
analyse the data.

3. Acoustic detection range may be
limited in environments with high
levels of unwanted noise e.g. high
density vessel traffic.

2.1.3. Brief summary of Ganges river dolphin survey methods to-date

A useful compilation of all published surveys up to 2021, which counted or estimated abundance of
the Ganges river dolphin, is available in a table as supplementary information in the Ganges river
dolphin IUCN red list assessment (Kelkar et al.,2022). That table includes details of 100 different
surveys. It lists the river surveyed, the methods used, the dates and the numbers of dolphins
documented, and is an excellent reference for summarising the history of population assessments

for the species.

Initially in the Ganges-Brahmaputra and Karnaphuli-Sangu River system, as well as in many other
rivers, direct counts were conducted for river dolphins (see Sinha 1997; Smith et al., 2001). This

approach was fairly simple, resulting in uncorrected counts that did not calculate a correction factor
for animals that were missed during surveys. These surveys also did not determine a Coefficient of
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Variance (CV) or Confidence Intervals to illustrate the precision of counts (Smith & Reeves, 2000).
Direct counts are still used in some situations, and retain value where there is a long time series of
direct counts, thereby allowing for the identification of trends in abundance over time (e.g. Braulik et
al., 2012). While these types of counts have great value, this Protocol advocates more sophisticated
methods that estimate abundance and that correct for bias.

In some situations, bank-based counts have been conducted where observers travel to observation
points on land and count the animals visible from one spot (e.g. Behera et al., 2008). This can be
helpful for confirming dolphin presence when exploring new unsurveyed areas, especially if
combined with interviews with local communities. If conducted over time it can provide useful
information on the occupancy of key habitats over time. However, this method is not appropriate for
long-term monitoring of abundance as it does not cover all habitats, and as such is not considered
further in this Protocol.

In the last 15-20 years researchers have converged on an approach for estimating abundance of
Ganges river dolphins that involves the use of independent concurrent replicate counts and
capture -recapture models to estimate abundance. The independent replicate counts can be
obtained from either:

e concurrent visual surveys obtained from either a single vessel (see Kelkar et al., 2010, Smith
et al., 2006),

e concurrent visual surveys from two vessels travelling in tandem (see Braulik et al., 2012), or

e concurrent visual and acoustic surveys (e.g. Richman et al., 2014).

These independent data sets are compared to identify the proportion of groups that were missed by
one survey platform, and the use of mark-recapture models can then estimate abundance,
correction factors, and measures of precision via a CV and Confidence Intervals (Kelkar et al.,
2010; Qureshi et al., 2021; Richman et al., 2014; Smith et al., 2006).

2.2. Method for abundance assessment of Ganges river
dolphins

This Protocol focuses on outlining a robust and practical approach to monitoring distribution,
abundance and relative abundance of Ganges river dolphins that can be applied from the wide tidal
rivers of Bangladesh to the small, fast-flowing Himalayan rivers at the upstream end of the species
range, and all rivers in between, generating comparable results.

The recommended method involves the use of visual independent concurrent replicate counts
and estimation of abundance using capture-recapture models.

The principle of this method is that a river is surveyed in the same way at the same, or almost
the same time, by two independent teams. The resulting dolphin group counts and locations can
be compared and overlaid, to identify the number, location and size of groups that were missed by
one team. Capture-recapture models, including a number of covariates that influence dolphin
detection, can then be used to estimate abundance, and generate a correction factor. Figure 3
provides a decision tree for selecting the most appropriate methodology to estimate abundance of
Ganges river dolphins.
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Figure 3: Decision tree for selecting the most appropriate methodology to estimate abundance of
Ganges river dolphins

DECISION TREE
STEP ONE STEP TWO STEP THREE
Boat Selection Acoustics Option Habitat Coverage

Are there boats available that

are large enough to allowtwo |
separatevisual survey teams |

to operate completely
independently?

YES

Are there sufficient funds
to cover the cost of
running two independent
boats, and engaging two
independent visual survey
teams?

Are funds available to purchase
acoustic recording equipment?

Is the river wider than 1.5km most
of the time?

YES

YES

Is the river consistently deep
enough that a large boat with
two independent teams can
navigate safely through the
entire study area?

Is the study area safe
enough for two
independent survey boats
to operatein tandem?

Is the boat organized in such a way
that acoustic equipment can be
deployed safely?

Is it possible to sail boats along
both sides of the wide river
channel?

YES

=L

YES

Is the river free from hazards or
debris that would snag towed
acoustic recorders?

YES

Are there sufficient funds to
cover the cost of a large
double platform boat, and
engaging two trained
independent visual teams?

YES

Option 1.

Use mark-recapture analysis
of concurrent independent
visual survey data (e.g. Smith
etal.,2006)

GO TO STEP 2

Option 2.

Use mark-recapture
analysis of independent
visual survey data
collectedfrom tandem
vessels (e.g. Braulik et al.
2012).

GO TO STEP2

YES

Conduct concurrent identical
surveys along each side of the
river >1.5kmwide and combine
results

Are there experienced personnel
available to conduct acoustic
analysis?

A 4

YES

Is there sufficient time to conduct
the acoustic analysis or are the
results needed quickly?

Is the river highly braided, with
many side channels and braids?

YES

YES

Add acoustics to Option 1 or 2
OR
Option 3. Use mark-recapture
analysis of concurrent visual and
acoustic survey data from one boat
(e.g.Richman et al., 2014, Kelkaret
al2010)

GO TO STEP3

Is it possible to sail boats along
the side channels and braids?

YES

Add a boat to survey significant
side channels and braids and
combine results

The approach can be implemented in one of two ways depending on the size of the river and

available boats. A brief outline of each approach is described below.
a) Concurrent counts from double platform surveys

Where large boats are available, and on rivers that are wide enough and deep enough for large
boats to navigate, it is possible to deploy two independent teams of visual observers on a single
vessel. However, the teams should not be in visual contact with each other, and observers also
should not alert each other to their respective sightings of dolphins. Sightings from each
independent team can then be compared to determine a correction factor for missed groups.
Abundance can be estimated using capture-recapture or distance sampling models. This method
was used first by Smith et al.,(2006), and subsequently adapted by Kelkar et al., (2010) and Zhao et
al., (2008).
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b) Concurrent counts from tandem surveys

Where rivers are small and shallow and hard to navigate, and/or large boats are not available,
placing two independent visual observer teams on a single vessel is not possible. In that instance,
surveying using tandem vessels has been conducted, the sighting locations from each independent
platform compared using the exact geographic location of sightings, and capture-recapture models
used to estimate abundance (Braulik et al., 2012).

2.3. Survey design and field data collection

2.3.1. Survey track design

Most rivers where Ganges river dolphins are found, even in the lower reaches, are relatively
shallow, with many sand banks and islands. It is therefore not possible for boats to follow
predetermined straight transect lines as is normally required for the distance sampling methodology
(Thomas et al., 2007). In these shallow sand-bedded rivers, vessels generally have no choice but to
follow the thalweg (the deepest channel in the river) which is often quite narrow, and this involves
following a winding path that regularly approaches very close to the river banks on the outside of
meanders. Often the dolphins are also concentrated into this deep channel, and therefore following
a transect line in this way means that the majority of dolphins are available to be detected. For this
Protocol it is therefore recommended that the survey vessel/s follow the thalweg.

In rivers that are relatively small or unbraided, a single downstream transect is sufficient to estimate
the abundance of dolphins. However, in order to cover all available habitat where channels are wide
or braided, it is necessary to use additional vessels to cover all available habitat, as follows:

1. Narrow rivers (<1.5km wide on average) — vessels follow a single winding downstream
thalweg transect.
2. Braided rivers — large braids and side channels are surveyed using a dedicated additional

survey boat.

3. Wide rivers (>1.5km wide on average) — if the wide channel is navigable, two separate
transects may be followed simultaneously (involving additional survey boats), one along
the right side of the river and the other along the left side. Care will need to be taken to
cover the centre of the river, but not to double count dolphins in any area of overlap
between the two tracks (Zhao et al., 2008). This will ensure that most available habitat in
wide channels is covered, and abundance estimates are less likely to be biased
downwards due to large areas not being surveyed at all.

2.3.2. Stakeholder involvement

It can be beneficial to involve multiple stakeholders in planning and running a survey expedition,
including relevant state/provincial government departments, universities, conservation Non-
Governmental Organisation (NGO) staff, Civil Society Organisation (CSO) staff, and local
community members. Where possible, stakeholders should be invited to join the survey through a
written invitation letter, and introductory training provided. This helps with leveraging local
knowledge alongside building knowledge and skills, as observing dolphins and counting correctly is
a skill that is built over time. Another advantage of having relevant stakeholder involvement is
building ownership and consensus on the results (population abundance data). When the draft
survey report is available it can be shared with the leading government departments for comments
and feedback. The survey report should have logos of the participating stakeholders.

Local communities and (other) landowners can also be involved in a survey, if for example a survey
team visits their area. It may be necessary to inform them in advance of the survey, and it is an
opportunity to also exchange information between the survey team and the communities.
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2.3.3. Survey time of year

The GBM river systems are highly seasonal, and discharge, width expands and depth increases by
orders of magnitude in the summer monsoon compared to the winter dry season. There are a
number of considerations regarding the selection of the best month to plan surveys and these will
vary by country and location.

e The most important factor to consider is river discharge. There is a direct relationship
between river discharge and the ability of visual dolphin surveys to estimate abundance of
Ganges river dolphins. Broadly, the greater the discharge the wider the river, the larger the
area that visual surveys need to search to detect dolphins, and the greater the area of river
the dolphins have available to disperse. It is expected that dolphin surveys conducted during
periods of high discharge will result in lower dolphin counts than those conducted during low
discharge because a larger proportion of dolphins are detected. Even if the survey timing
and month is standardised, there is substantial inter-annual variability in discharge, and it is
therefore important that discharge is documented. At the time of reporting, it is important that
resulting abundance estimates are placed in context of discharge during the time of the
survey. As a general rule it is most appropriate to survey for Ganges river dolphins
during the lowest low water season (March and April) as this is the time when
discharge is lowest and the dolphins will be concentrated into the main river channel
and be much easier to detect. Surveying at this time is likely to result in abundance
estimates that are more accurate and precise as the dolphins are easier to count.

However, there may in some cases be other important considerations beyond river discharge that
influence the most appropriate time to survey and where these are considered very important there
may be some variation on surveying during the lowest water season:

e \Weather. If there are distinct and predictable months with high winds, storms, rain or fog (for
example the gangetic plains in January-February) it is unwise to plan surveys during these
months for safety reasons. Also, in some parts of Bangladesh and India it can be extremely
hot in April (>40°c). This can be difficult and dangerous for survey teams, who spend long
periods in direct sun. It may therefore be deemed necessary to avoid surveying during April
in those locations. Temperatures do not drop so low that cold winter temperatures will
preclude surveying provided observers wear suitable winter clothing.

e River navigation. Some very small rivers may become unnavigable in the lowest water
season and in that case surveying slightly earlier in the year before water levels drop too low
isa better choice. However, rivers this small are unlikely to be major dolphin habitats.

In conclusion, it is recommended that for each river or survey area a decision is made regarding the
best time of year to survey based on: a) low river discharge, ) suitable weather conditions, and c)
river navigation. This is likely, for most places, to be between late February and early April, when
discharge is lowest, but there may be a need to shift this slightly on a case by case basis,
depending on local conditions.

Surveying should be conducted during the lowest water season, and it is of vital importance
that every survey in the same river/stretch is replicated at the same time of year for
standardisation.

2.3.4. Seasonality and survey frequency

Survey frequency depends on the questions that the surveys are trying to answer and on the
resources (both in terms of manpower and finances) available. More frequent surveys increase the
likelihood that trends in abundance will be detected (Taylor et al., 1997) and will provide information
on seasonal shifts in abundance and habitat use.
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In most rivers, especially those where dolphins are present in populations bounded at either end by
barrages, and where there are no new major development activities and the goal is basic population
monitoring, annual or biannual monitoring in the low water season is sufficient. However, at both the
up and downstream ends of the species distribution range, in the small, shallow rivers and
tributaries of Nepal there are considerable seasonal movements into new habitats in the flood
season. Similarly, in the Sundarbans and other tidal rivers in Bangladesh and India, there are large
changes where discharge and environmental conditions, especially salinity, vary drastically
seasonally. These variations result in large changes in the presence, distribution and/or number of
dolphins using the habitats. In tidal locations, and in the Nepali rivers, it can be considered to survey
twice per year to capture these important seasonal distribution shifts.

Where Ganges river dolphin population monitoring is required to evaluate the impact of specific WB
developments as part of ESIAs etc., annual monitoring will not be sufficient to provide an adequate
baseline, or to understand impacts, and it will be necessary to implement much more frequent
monitoring in the area. Depending on the scale of the project and the size of the area affected,
monthly or seasonal surveys are likely to be required to give sufficient detail. Similarly, if the goal of
surveys is to explore how the dolphins use the habitat at different discharge levels (see Habitat
Assessment; Section 3), then surveys will need to be replicated at least three times: once during
low water, once during high water, and once during mid-water periods.

2.3.5. Satellite images for navigation

The river in some parts of the GBM basin undergoes major floods every summer, causing areas
with complex braided channels and mid-channel islands to shift and change substantially annually.
In such places, in order to help navigation through the river, to ensure that key habitats are covered,
and to aid in survey planning, it is very beneficial to have detailed maps developed using the most
recent (same season) high resolution satellite images or aerial photographs.

2.3.6. Survey boats and speed

When conducting visual surveys, it is extremely beneficial to be able to place observers on a
platform that allows them a wide field of view. Platforms where observers have an eye height at
least 2m above the water surface are ideal as this greatly increases the field of view of observers
and the ability to detect dolphins. Locally available wooden fishing boats or ferries, transport
vessels, or adapted nature tourism vessels, are all likely to be appropriate, and wooden viewing
platforms can be constructed on them if necessary. Small vessels, such as rigid hull inflatables
(RIBs) or small fibreglass skiffs that are very low to the water, where observers cannot find
elevation, should be avoided if at all possible. It is important that when multiple surveys are
conducted over time, the eye height of observers remains the same on all subsequent surveys so
that results are directly comparable.

The speed that vessels travel during surveys influences the number of dolphins that are detected. A
very fast survey speed is likely to result in a lower detection probability, while a slow survey speed is
likely to increase detection probability but also increases the chances of double counting as
dolphins can swim faster than the vessel. It is important therefore that survey speed is standardised
and replicated during subsequent surveys. Surveys may be conducted using either a motor or an
oar powered boat. Motor boats are likely to be essential in larger rivers for safety reasons, but oar
powered vessels are often the only type available in some smaller upstream areas, and both are
suitable for surveys. A speed of 8 to 12km/hr is recommended where motors are used, or 5 to
8km/hr where oars are used.

Studies have shown that an increase in ambient noise levels from shipping altered Ganges dolphin
acoustic responses, strongly masked echolocation clicks, and more than doubled metabolic stress,
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and that these noise impacts were further aggravated during dry-season river depth reduction (Dey
et al., 2019). For this reason, where possible, quieter four-stroke engines are preferable to noisier
two-stroke motors, or to local diesel engines which can be very noisy. Travelling upstream against
the current has been used in past surveys, but, travelling against the current uses more fuel and is
more expensive, with higher engine revs which emit more underwater noise, potentially disturbing
the dolphins to a greater extent and this is not recommended.

2.3.7. Equipment

A provisional list of technical equipment that is required for Ganges river dolphin population
abundance surveys is provided in Annex 1.

2.3.8. Data collection

Data collection can be conducted via various digital apps that are routinely used for the collection of
data when surveying marine dolphins or other animal groups (e.g. Logger, CyberTracker ), or on
paper datasheets. It is recommended that existing survey apps such as CyberTracker be modified
for Ganges river dolphin surveys as part of this Protocol so that survey data capture progresses
towards the wider use of common user-friendly software. However, as many survey areas are
remote, and there can be little to no power available for charging equipment, solar would need to be
used for power, and the use of paper datasheets is still an acceptable and excellent choice. The use
of paper may also allow for easier teaching and training, and also allows for easier checking of data
during a survey day. Either method for collecting data is workable; most important is that data are
collected consistently and accurately, and that the same information is recorded whichever medium
is used. Two standard forms are provided for data collection and are shown in Annex 2; the Survey
Effort Log and Dolphin Sightings Form.

1. Survey Effort Log. The Effort Log is the record of the entire day’s survey. The survey track
using detailed resolution (-50cm) is also recorded via GPS throughout the survey day. The
start and end location and time are recorded on the datasheets/recording app, and a
waypoint is also logged in the GPS. The Effort Log is also used to record when observers
change position, when the wind, glare or environmental viewing conditions change, the
names of observers in each position, and the river width. A scale is used to document the
impact of wind on the surface of the water that is adapted from the Beaufort wind scale that
is used on the ocean. The scale is used to denote the wind effect on the river surface (see
Annex 2 for descriptions). River width can be measured using laser range finders where the
bank is within the limit of the device (usually around 500m), and visual estimation where it is
more than 500m and beyond the measuring capacity of the range finders. (NB: Where
recent and reliable satellite imagery is available, river width might be measured after the
survey, but, as width changes frequently with changes in discharge, this may not be reliable
and would need ground verification).

2. Dolphin Sightings Form. When dolphins are sighted, a ‘detection location’ of each group is
recorded by GPS. The bearing to the detection and the estimated distance to the detection,
should also be logged. Where dolphins are sighted ahead of the survey vessel, an ‘exact
location’ can also be subsequently estimated when the boat reaches the approximate
location of the group or when animals are perpendicular to the vessel. (NB: The ‘exact
location’ terminology is used for the purposes of data collection but it is important to be
aware that this is an estimate since dolphins may be underwater or not visible when the boat
passes). The best, high and low estimate of group size is recorded on the datasheet once
the sighting is complete.
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Dolphins that are less than 1m in length are recorded as calves; this is, approximately half the size
of an adult (please see section 2.5.2 for more details on determining age). Group size is recorded
with a best, high and low estimate of numbers. A dolphin group is defined by counting all individuals
within 500m in an area of similar hydrological characteristics (Smith & Reeves, 2000).

Surveys are conducted in passing mode, and do not stop when dolphins are sighted. Stopping is
challenging in a flowing environment, and so group size estimation occurs while the boat continues
moving downstream. However, it may be possible to slow the motor and reduce speed to facilitate
counting of groups ahead of the vessel, and this will also reduce disturbance to the animals.

2.3.9. Observer teams and data recording

Observer teams should comprise a data recorder, and three forward-facing observers. In low
density areas the data recorder can also be one of the observers, however where there are many
dolphins and a lot of recording is required it is best to have a dedicated person who is responsible to
record data, and dedicated observers to watch for dolphins. Observers, each equipped with
binoculars, watch from viewing platforms elevated above the water surface with the central observer
searching the water straight ahead and to approximately 30 degrees either side of the trackline, and
the left and right observers search from the bow to the beam on their side of the boat (see Figure 4).

Recorder

Figure 4. A depiction of the organisation of observers and data recorder on a dolphin survey boat
viewing platform illustrating the area searched.
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Maintaining focus and concentration during surveys is important, so no phones are to be used while
on watch, and observers shift their places every 30-minutes and receive at least thirty minutes of
rest every two hours.

The use of a rear observer in addition to a forward facing observer team has been used routinely
during abundance estimation surveys for Indus river dolphins (Braulik, 2006) and Amazon river
dolphins (Gomez-Salazar et al., 2012, Paschaolini et al., 2021). The rear observer is in
communication with the forward observers (so not independent) and is responsible for detecting
animals behind the boat that were missed by the forward facing observation team and also assists
in group size estimation and group tracking. Rear observer sightings are added to the main dataset
only where they were not seen by the forward observers. The addition of a rear observer is relatively
easy on small boats where all observers are in close proximity to each other and can easily
communicate. However, where large, or long vessels are used (such as those in some larger rivers
in Bangladesh) it would be challenging, and likely not useful, to add a rear observer as they would
be isolated from the forward team.

2.3.10. Training of observer teams

There is a great deal of information available on the importance of observer experience in the ability
to both sight any dolphins at all, and to accurately estimate the number of dolphins in a group (e.g.
Cologne & Holt, 1984). Creating teams of observers to conduct dolphin surveys that have
experience and expertise is extremely important for the generation of reliable results. Conducting
dolphin surveys requires technical expertise, experience and training. It is essential that all
observers receive comprehensive training in dolphin survey methods and data collection, and
undergo practical training on a river with dolphins, prior to embarking on a dolphin survey. It is
imperative that all members of a survey team have sighted river dolphins in the wild several times
prior to initiating a survey.

Estimation of distances to dolphins, especially on large rivers, is an important part of determining
matched versus unique sightings. Individual observers can vary greatly in their ability to estimate
distances accurately. Therefore, it is important for observers to practise estimating distances, by
comparing their own estimates with those measured using laser range finders, so that they can
improve over time. For more advanced analysis it is possible for each individual observer's distance
estimation ability to be documented using laser range finder trials of estimated versus true distances
to objects floating on the water, and the resulting data fit to a regression that can be used to correct
each individual observer's dolphin sighting estimations prior to analysis.

2.4. Survey analysis and reporting

2.4.1. Field data storage, processing and analysis

After each day of surveying, the GPS should be downloaded to a computer and backed up. The
Effort Log and Dolphin Sightings Forms should also be entered into a database and backed up. The
data should be quality checked to remove errors and inconsistencies each day. Basic calculations
can be conducted each day as follows:

the number of km of active search effort conducted (removing off effort segments),
the total number of dolphin groups recorded,

the total number of dolphin individuals recorded,

the sighting rate, number of dolphin groups/linear km,

the encounter rate, number of dolphin individuals/linear km.
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2.4.2. Data analysis

Data analysis needs to be conducted by someone appropriately qualified in statistics and with past
experience in river dolphin surveys. It is important that this person is involved in the design and
preparation of surveys before they are conducted.

Following completion of the survey in a defined section of river the analysis involves the following
general steps:

1. After checking, effort and sighting locations and GPS tracks from each vessel/platform can
be plotted in GIS for analysis and overlaid onto satellite images.

2. The exact position of each dolphin group can be determined using trigonometry based on
the sighting location and on the bearing (gathered using a compass mounted in binoculars)
and estimated distance to the detection (potentially corrected based on individual differences
in estimation ability), or based on the exact positions recorded during the survey.

3. The geographic locations of dolphin groups documented from each of the two platforms can
be compared and each classified as ‘matched’ if they are duplicates seen by both, or as
‘missed’ if they were seen by only one. This determination can be done on a case by case
basis, using a survey appropriate distance or time threshold. For Indus river dolphins in
Pakistan, and Ganges river dolphins in the Sundarbans, this determination was made on the
basis of 500m as the threshold for matches (Smith et al., 2006, Braulik et al., 2012).
Identifying matched and missed groups is relatively straightforward in low density, small
rivers, but becomes more challenging in higher density areas, and requires careful attention
to detail and analysis.

4. Abundance can then be estimated using capture-recapture models. These can be
implemented using one of two approaches, both of which were tested by Smith et al., (2006)
and which gave similar results:

o Calculated using a relatively straight-forward Chapman’s modified Lincoln-Petersen
mark-recapture formula, which can be done relatively easily in Excel.

o Calculated by using the Huggins Conditional-Likelihood mark-recapture model
implemented in RMark in R where statistical expertise is available (Laake et al.,
2013).

The advantage of the Huggins model is that it can incorporate covariates directly into the
model, whereas Chapman's modified Lincoln-Peterson model requires that the data be
manually stratified based on covariates. Huggins conditional-likelihood models allow for the
addition of environmental covariates that influence sighting probability in the determination of
dolphin abundance. Covariates that influence dolphin detection that can be considered in
models include, but are not limited to:

o wind, glare, rain/fog (these may be kept separate or combined into a composite
sightability code),

group size,

channel width,

channel habitat type (meander bend, confluence, etc),

human activities,

observer experience,

time of day,

month / season / year.

O 0O O O O O O
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Correlation between covariates should be explored; where two covariates are correlated, the
one that is less likely to influence dolphin detection can be dropped from the models as
covariate correlation reduces performance of models. The more covariates that are included,
the reduced power of the statistical model. It is therefore also recommended to conduct
some preliminary statistical analysis to understand which covariates are likely to be
significantly influencing detection, and select three to four that are likely to be most impactful.
Channel width, wind, and group size are likely to be the most important factors to include.

5. Candidate models can be selected on the basis of Akaike’s Information Criterion (AlCc)
adjusted for small sample sizes (Burnham & Anderson, 2002), and top ranked models
averaged on the basis of their normalised AlCc weights to give an estimate of the correct
number of groups sighted during surveys.

6. Abundance can be calculated by multiplying the correct number of groups by the mean
group size, and the CV and log-normal Confidence Intervals of the abundance estimate
determined by combining the variance using the Delta method from 1) number of groups
detected, and 2) group size.

For more details on capture-recapture analysis of river dolphin sighting data please refer to Smith et
al., (2006), Braulik et al., (2012), and Richman et al., (2014)..

2.4.3. Reporting

A vitally important component of any river dolphin survey is the production of a detailed report that
includes the following:

1. Detailed methods section that explains the field methods, including the type of boat, number
of observers, training provided, survey speed, platform height, river discharge, data recorded
etc.

2. Comprehensive details regarding each step of the data processing and analysis that was
conducted.

3. Detailed explanation of decisions that were made regarding survey design, the assumptions
of the method selected and an explanation regarding how assumptions were addressed,
violated or minimised.

4. Sample data recording sheets and the raw data collected, as Annexes to the report.

Reports should be either submitted for publication in journals or be subject to peer review and made
available as reports online.

2.4.4. Detecting trends in abundance

It is important that suggestions or conclusions regarding trends in abundance of river dolphin
populations over time are not drawn on the basis of only two surveys as there will be variation in the
numbers of dolphins recorded during surveys due to a number of reasons. To be able to draw
conclusions regarding trends in abundance it is essential that surveys are replicated using identical
methods in each survey so that detectability remains similar and observed changes are due to
changes in the number of dolphins and not due to changes in methodology or river discharge.
Conclusions regarding changes in abundance should be discussed in writing and subject to
statistical exploration and scrutiny of the various methodological and environmental factors that may
be involved.

Statistical methods for detecting changes in abundance include linear regression, and, as explained
by Taylor and Gerrodette (1993), by regressing the coefficient of variation of the abundance
estimate against the inverse square root of the population size. The more precise the abundance
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estimates, and the larger number of estimates obtained, the greater the power to be able to detect
change over time.

For more information on the relationship between CV, abundance and the ability to statistically
detect trends in abundance over time, see Taylor and Gerrodette (1993).

2.5. Other considerations when investigating Ganges river
dolphin populations

2.5.1. Determining the sex of Individuals

Studies of Ganges river dolphin skeleton and external body morphology have demonstrated that
they exhibit sexual dimorphism, with mature adult females being on average 60cm larger than
males, largely due to a longer rostrum (Braulik et al., 2021). These differences begin to show after
sexual maturity is reached, and is not demonstrated in calves or juvenile animals. There is variability
in the length of rostra, even in mature adults. For these reasons it is not possible to be able to
reliably determine the sex of a Ganges river dolphin by observing them in the field. Sex of a Ganges
river dolphin can only be determined reliably by observing the underside of the dolphin which shows
the arrangement of the openings to the organs, or through genetic analysis. Given these
insurmountable challenges, observers should not try to document the sex of dolphins during visual
surveys to estimate abundance.

2.5.2. Determining the age of Individuals

Ganges river dolphins surface rapidly and unpredictably, and although some animals sometimes
surface vigorously and show their entire body above the surface, a large proportion of sightings
involve brief observations of the top of the head and the back, allowing the observer only a short
glimpse of the animal that is mostly obscured underwater (Sinha et al., 2010). The speed of
surfacing, the cryptic behaviour, and the fact that most sightings are at a distance, mean that it is
not possible to reliably estimate the size of dolphins and document age classes for all dolphins
encountered during surveys. Due to their very small size, calves may be identified with greater
certainty and therefore during visual surveys all individuals in a group should be counted and any
animals that are less than half the body size of an adult are defined as a calf.

2.5.3. Drones

Drones are being used in a number of different ways in the studies of cetaceans. The most common
areas for their use are the study of group dynamics and behaviour, and for gathering information on
the health of individuals (Oliveira-da-costal et al., 2023). Drones have been trialled for use with a
number of river dolphin species and in most cases the animals can be detected and photographed
from the air. At present, there are challenges to the widespread practical uses of incorporating
drones into routine survey methodology due to issues related to processing time, battery power,
deployment, operation, and retrieval. There is potential for drones to generate correction factors for
group size estimation that could contribute to improved abundance estimation (Oliveira-da-costa et
al., 2019). For example, in the Amazon up to 30% more individuals were detected using drones
than by boat-based visual observations (Oliveira-da-costa et al., 2019). However, Amazon river
dolphins surface together in groups, whereas Ganges river dolphins occur in loose aggregations
that are harder to capture via video and to estimate group size. Therefore, this tool is likely to be
more difficult to apply for Ganges river dolphins. There are additional practical concerns regarding
the licensing and permissions required to operate drones in many of the areas inhabited by Ganges
river dolphins.
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2.5.4. Environmental DNA (eDNA)

The use of e-DNA present in water to detect aquatic species is becoming more common (Sepulveda
et al., 2019). In rivers, trace DNA (e.g. from skin, faeces) in water can be used to show the presence
of species upstream, and this is especially useful for species that are rare or otherwise difficult to
detect visually. It is regularly used for fish or invertebrate species for example, however, Ganges
river dolphins are not difficult to detect visually because they are large and have to surface regularly
to breathe, and so the use of e-DNA is less important to show upstream presence than for some
other smaller more aquatic fish species (Simpfendorfer et al., 2016). eDNA is a useful tool to show
the presence of species, but it cannot be used to estimate the absolute abundance or population
dynamics or age of Ganges river dolphins or any other species. The distribution of Ganges River
dolphins, in most areas is known or suspected with certainty and can be confirmed through a
combination of visual surveys and interviews with communities, and, therefore, although eDNA
might be also able to detect dolphins the methodology contributes information that is inferior and
less useful than other comparative methodologies and this is not recommended for the current
Protocol.

2.5.5. Acoustics

Cetaceans use underwater sound to communicate, navigate and hunt, and the monitoring of their
sounds is a common tool to understand habitat use, communication, movements, and behaviour.
Acoustic surveys are frequently paired with visual observations in abundance estimation surveys
(e.g. Martin et al., 2020, Richman et al., 2014). However, the analytical tools available mean that
stand-alone acoustic surveys (either static moored archival recorders or towed arrays) are not
routinely used to estimate abundance of cetaceans. Acoustics are very useful for detecting dolphins
in very low density areas (e.g. Beas River). Acoustic technology and analysis is rapidly developing
and becoming less costly and more user friendly, so acoustics will almost certainly play a stronger
role in river dolphin surveys in the future.

Another option for this Protocol is to correct counts for animals that are missed by combining a
visual survey with an acoustic survey, with the acoustic survey representing the second ‘platform’.
The acoustic detections can be compared with the visual detections to identify missed groups of
dolphins, and again the data can be analysed using mark-recapture models to estimate abundance.
This method was used by Richman et al., (2014) on the Karnaphuli River in Bangladesh, by
Sugimatsu et al., (2016) on the Ganges, and Zhao et al. (2008) on the Yangtze, and is now being
conducted in several other locations. To avoid interference from engine noise, acoustic recorders
need to be towed behind survey vessels at a distance, or engine noise can interfere with the ability
to detect dolphin echolocation sounds in the data. It should be noted that towing a costly
hydrophone in a complex river environment with many submerged trees and other hazards can be
challenging, and this is only likely to be practical where rivers are large and deep, or where survey
vessels do not use motors and the unit can be deployed close to the survey vessel, as is the case of
the Indus river dolphin in Pakistan (WWF-Pakistan unpublished data).

2.5.6. Concurrent rapid threat, water quality and river hydrology assessment
during dolphin surveys

When river dolphin surveys are being conducted, and boats and trained teams are travelling along a
river, there is an extremely valuable opportunity to gather additional datasets that will provide
information on dolphin habitat and threats that can provide additional covariates for use in
abundance models, help with understanding and monitoring dolphin habitat, and contribute to the
CIA. It is imperative that these additional data collection efforts do not interfere with the work of
searching for, and recording dolphins, and conducting a consistent high quality population
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abundance survey effort. As such, additional team members, and potentially additional boats
(travelling behind the main survey), should be tasked with these activities. Details of these survey
components are outlined below, with more detail provided for a targeted habitat assessment in
Section 3.5: step 5 (surveying cross-sections), step 7 (measurement of water properties) and step 8
(recording anthropogenic threats).

Documentation of human activities and potential threats

The data recorder can use an additional third datasheet, the Human Activities Threat Log (see
Annex 2) to record the location of all human activities and potential threats to dolphins seen during
the dolphin survey. The human activities which occur in each area varies, as do the types of vessels
and categories of fishing gear. Thus, the Threat Log will need to be adapted to each individual
survey based on local conditions. The broad categories of threats that should be considered on the
log include:

e deployed fishing gear (including gear type, mesh size if visible, number, deployment details,
and other relevant details and or ghost nets);

e ship and boat traffic (including approximate size and type, presence or absence of motor,
use or activity of vessel, whether moored or underway etc);

e sand/cobble mining (size and location of operation, in channel, on banks, number boats,
cars, diggers involved);

e pollution (sewage or industrial outfalls, nullas or drains, visible changes in smell or colour of
water);

e other human activities (dredging, construction of spurs, bank fortifications, bridges, ports
etc.).

Collection of water quality data

Water quality data can be gathered at regular intervals (30 minutes) during a dolphin survey using a
rapidly deployed simple electric water quality meter. The parameters that are likely to have most
potential influence on dolphins include:

e salinity,
e dissolved oxygen,
e turbidity.

Collection of rapid river cross-sections

River cross-sections are a standard way to rapidly evaluate river hydrology and morphology used in
studies of rivers. They are relatively easy to collect using a GPS linked depth sounder and it is
possible to add an additional hydrological survey boat to a dolphin expedition that can collect rapid
depth cross-sections of the river. The hydrological survey vessel travels with the dolphin survey but
behind the survey vessels so as to not disturb the dolphin survey. This was done during a
comprehensive survey of the Indus river dolphin in Pakistan and led to insights into the habitat
selection of dolphins (Braulik et al., 2014).

Collection of cross-sectional data would be conducted at regular intervals e.g. every 2km, with the
vessel approaching one bank and then slowly traversing a line perpendicular to the river’s flow while
the GPS depth sounder (set to the finest resolution) documents location and depth. The data from
each cross-section can be downloaded to the computer at the end of the day and two-dimensional
representations of the river cross-section made, along with summary statistics (width, mean depth,
maximum depth, cross-sectional area, wetted perimeter etc). This information can feed into the CIA
and into studies of dolphin habitat preference and long-term hydrological change.
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3. River dolphin habitat assessment

3.1. Purpose of the habitat assessment

Understanding the relationship between species and their habitat is key to their conservation, and
also to the restoration of degraded habitat. Thus, developing science-based approaches for
assessing habitat conditions is important for ensuring these conditions are maintained or improved
to support species survival and growth. A consistent habitat assessment method is therefore crucial
to guiding the conservation and management of species and their habitats, particularly for
endangered species like the Ganges river dolphin.

The key strength of developing a habitat assessment method at the GBM river basin scale is to
provide information to resource managers about habitat-species inter-relationships for conservation
planning. A well designed method can also allow habitat change to be quantified across spatial and
temporal scales by standardising the measurement parameters and approaches.

Throughout the GBM river basin, more than 60 water-based development projects (such as
hydropower dams and barrages) have already been constructed. This, alongside other threats, has
contributed to the local extinction of river dolphins, with an 18% reduction in their historical range of
distribution, as well as the formation of geographically isolated small groups that may not be viable
(Paudel & Koprowski, 2020). Therefore, the purpose of this habitat assessment method is to define
a standard / consistent approach to collect the data needed to:

e determine the dolphins’ preferred habitat, the ecological flow requirements that support
healthy river dolphin populations, and evaluate habitat availability by season and location,

e assess and identify essential Ganges river dolphin habitat for restoration and conservation,

e assess the risks and impacts to the Ganges river dolphin's habitat to promote sustainable
use of the river ecosystem,

e provide a comprehensive and pragmatic habitat assessment method that evaluates habitat
loss due to potential and existing changes in the natural flow regime caused by water-based
development projects.

3.2. Previous habitat assessment approaches

A number of studies have been conducted in past years on the Ganges river dolphin habitat in the
GBM river basin (Table 3). These studies have used different methods, which therefore limits
comparisons between their results. However, channel properties (depth, velocity, width) and river
geomorphic traits (presence of discrete features such as confluence, deep pools, meanders) are the
common habitat attributes reported by previous studies that influence the Ganges river dolphin
abundance and distribution, and these attributes should be considered as essential guiding factors
while conducting the assessment of river dolphin habitat quality in the GBM river basin.

Table 3: A compilation of prior habitat assessment studies conducted in the GBM river basin
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Study Research Spatial interval at | Habitat variables Approach to Study location
guestion being which a sampling | collected at the river identify river
addressed unit was cross-section dolphin
established for preferred habitat
habitat
measurement
Biswas & Assessing the For the purpose of Prey diversity and N/A Upper
Boruah, ecology of river collecting hydro- abundance and channel Brahmaputra
2000 dolphins with morphological properties were recorded (Saikhowaghat to
respect to habitat information, four at selected cross- Neematighat
type and prey stations were sections where high covering 300km),
availability established for occupancy of the Ganges India
point sampling. river dolphins was
recorded. Average
distance between cross-
section was 60km.
Smith et al.,, | The identification of | 5km Every 5km, the width and | Dolphin 1,510km of the
2010 the channel sinuosity of the channels | abundance data Sundarbans
preferences and and the number of large collected at the mangrove forest
hotspots of Ganges and small confluences 5km segment is in Bangladesh
river dolphins were recorded. linked to segment
characteristics.
Bashir et Analysis of how 1km and the result | Prey abundance (at 3km Segment (3km) 165km; Upper
al., 2012 habitat covariates is interpolated ata | segment), water (pH, occupancy data Ganges (Between
influence dolphin distance of 3km temperature, turbidity) link with average Narora and Bijnor
detection and and channel properties habitat variables barrage).
occupancy were measured. collected every
1km.
Braulik et Indus river dolphin Cross-sections The characteristics that Segment (2-5km) | Indus River
al., 2012 habitat selection in (sampling define channel shape occupancy data system.
the dry season locations) are were measured for each linked with habitat
established cross-section: width, variables.
between 2km and depth, and cross-
5km, and 5km sectional area, including
sections defined on | channel geomorphics and
satellite images in satellite image analysis
confluences, width,
sinuosity, braiding index
were determined
Choudhary Evaluation of river 1km Both ecological (channel Transect level 332km, the
etal., 2012 dolphin habitat use depth and width, population Gandak River in

in relation to river
channel depth and
morphology

temperature, channel
morphology, land use on
both banks) and
anthropogenic factors
(fishing insecurity, boat
traffic, sand mining) were
recorded.

abundance data
linked with habitat
variables.

India.
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Study Research Spatial interval at | Habitat variables Approach to Study location
guestion being which a sampling | collected at the river identify river
addressed unit was cross-section dolphin
established for preferred habitat
habitat
measurement
Chowdhury | Identification of A selection of Water physical properties | No systematic 297km, Farakka
et al., 2016 habitat use sampling points (temperature, pH, salinity, | relationships barrage to
characteristics of was made based conductivity, dissolved between dolphin Diamond Harbour
river dolphins on the morphology | oxygen) and human occurrence and of the Ganges
of the river (deep disturbance (fishing habitat variables River, India (West
pools, meanders, intensity) were recorded. developed. Bengal).
confluences).
Khanal et Analysis of river 1km Each 250m, the centroid Data on transect 46km; the Karnali
al., 2016 dolphin abundance depth and fishing abundance linked | River, Nepal.
and distribution intensity (type and to habitat
with respect to number of fishing nets) covariates
changes in river are recorded.
depth and fishing
intensity.
Paudel et An assessment of The study area Channel properties Habitat suitability 50km; the Karnali
al., 2020 Ganges river was stratified (depth, velocity, width, criteria developed | Riverin Nepal (to
dolphin habitat based on and total discharge) were | using occupied the border with
availability in morphological measured at habitat India).
relation to different | similarity, and systematically identified characteristics to
flows. randomly cross- cross-sections, as well as | assess preferred
sections were segment geomorphic habitat availability
established taking features and at both cross-
into account the anthropogenic activity section and reach
hydrological (fishing, sand mining, and | level.
variation in development projects)
segments. identified and recorded.
Qamar et Assessment of 1km Habitat characteristics N/A India (Ganges
al., 2021 habitats and (channel type and depth and Brahmaputra)
(Wildlife anthropogenic recorded every 300m,
Institute of influences. channel width, river bank
India Field habitat classification) and
Monitoring anthropogenic activities
Guideline) (type of river use by
humans and its intensity)
were recorded.
Thakuriah & | Analysing the Point sampling (26 | Each cross-section was N/A 76km; Kulsi
Sonowal, river's hydro- cross-section measured for channel tributary of the
2022 geomorphic locations at five width, depth, and Brahmaputra
characteristics as a | sites identified). velocity, as well as River, India.

suitable habitat for
river dolphins.

turbidity and pH of the
water.
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Study Research Spatial interval at | Habitat variables Approach to Study location
guestion being which a sampling | collected at the river identify river
addressed unit was cross-section dolphin
established for preferred habitat
habitat
measurement
Sonkar et Assessment of the Throughout the Channel width and depth, | Variables 7.5km; Ganges
al., 2023 suitability of the 7.5km study area. velocity and discharge at | collected from a River in India (4
Ganges river No systematic a cross-section were literature review km upstream of
dolphin habitat. transects were recorded. and compared Narora Barrage)
established; some with measured
transects were habitats for river
established at dolphins.
random.
Das et al., Identifying Ganges | 1km. The results Data on hydro- A 5km transect of | 4,635km; Ganges
2022 & River conservation | were interpolated morphology (discharge, dolphin count data | River in India and
2024 priority stretches by | at a transect channel width, depth, is linked to its major
examining site distance of 5km. meanders) and human averaged habitat tributaries.
occupancy and stressors (fishing, boats, variables.
distribution of river mining, water extraction,
dolphins. and human presence)
were collected.

The differing approaches used in the past have led to a lack of consistency in the scientific evidence
for defining and quantifying preferred habitats for dolphins. This limits the ability to quantify dolphin
habitat availability across spatial and temporal scales in rivers. As an example of differing
approaches; habitat attributes have been measured and interpolated at different spatial scales
across studies, ranging from 200m to 5,000m, which could greatly influence the identification of
preferred habitat characteristics. Studies (Braulik et al., 2012; Choudhary et al., 2012; Das et al.,
2022; Paudel et al., 2015; Smith, 1993;) have also demonstrated that small scale morphological
features (deep pools, confluences, meandering) within river segments affect dolphin distribution and
abundance. In order to understand river dolphin habitat preferences, habitat attributes must be
measured at fine-spatial intervals. In addition, the river morphology in the plains often changes
dramatically from year to year after the rainy season (monsoon) flood has passed. Therefore,
developing a fresh understanding about the river channel parameters becomes critical. Hence
habitat assessments should ideally be done annually, and preferably seasonally, to reflect different
flow periods. This is especially important if the floods are unprecedented in nature, where the
likelihood of habitat changes are more pronounced and significant.

The lack of systematic dolphin habitat assessment methods - ones that contribute to the
development of a quantitative approach linking dolphin habitats to the dolphins ecological
preferences - limits the ability to develop and implement effective habitat conservation plans
alongside sustainable water-based development projects. Although ESIAs and ClAs are being
conducted for water-based development projects in dolphin inhabited rivers as part of an attempt to
balance conservation and development, a thorough assessment of dolphins and flow relationships
has not been established. Defining flow requirements that sustain river ecosystems is critical to
maintaining this balance. Traditionally, empirical formulas have been used to support the structural
and functional systems of river ecosystems in order to balance river flows between conservation
and development. This undermines the flow-ecology relationships which pose a significant threat to
dolphin populations and fragments the habitat at the local scale. There is a need to develop a
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comprehensive and pragmatic habitat assessment method that quantifies current instream habitat
availability, and the loss of habitat resulting from changes in the natural flow regime, in order to
maintain longitudinal and lateral connectivity for river health while supporting sustainable water-
based development projects.

The conclusion is that a standardised habitat assessment method is needed that can be applied
across the entire range of the Ganges river dolphin. The method should include standardised
habitat assessment approaches for determining dolphin preferred habitats in relation to factors that
determine river channel shape, including anthropogenic pressures in the GBM river basin which
allows the comparison and contrasting of habitat condition over time. This can be achieved by
collecting hydrological, physical, ecological and anthropogenic factors systematically during different
seasons in both used and available habitats of dolphins. With such a standardised habitat
measurement technique, river dolphin hydraulic physical habitat requirements can be understood at
different spatial and temporal scales, current habitat availability evaluated, and habitat impacts
assessed. Using dolphin requirements and habitat relationships, ecological flow requirements can
also be determined that support healthy river dolphin populations while also addressing socio-
economic needs.

3.3. Practical habitat assessment for river dolphins

As described earlier, the WB and WWF jointly published a report in 2021 that identified gaps and
recommendations for the effective and sustainable management and conservation of Ganges river
dolphins. Considering the many water-based development projects that are currently in operation,
planned or proposed in the GBM river basin, the report emphasises the importance of maintaining
natural flow regimes to ensure longitudinal and lateral connectivity for dolphin movement and
dispersal. Thus, a river dolphin habitat-based assessment methodology should take into account
both river channel properties and geomorphic attributes.

Definitions

Flow: River discharge, measured as m3/second or cubic feet per second (cusecs)

Flow class: The different river flow classes determined during the assessment process using
historical stage (acquired from a fixed station of relevant authorities) discharge data of at least 30
years. By doing this, it can be determined when, and how many replicate measurements, the
study area should have to represent its flow levels. If historical discharge data is not available,
local precipitation patterns can be used to identify the potential flow classes.

Functional habitat type: Dolphin habitats that are ecologically relevant are characterised by their
morphological characteristics, such as deep pools, confluences, and meandering.

Habitat: The natural environment in which Ganges river dolphins live, grow, and reproduce. In
this Protocol, habitat is classified into two categories, used and available. The used habitat is the
habitat that was occupied by dolphins at the time of the measurement, and the available habitat is
the habitat that was not occupied by dolphins, but is available for use.

Instream habitat:The physical instream conditions (e.g. velocity, depth) that determine the quality
of dolphin habitat. It can be expressed in different ways, such as suitability index, weighted usable
area (m square per metre).

Preferred habitat: The relative quality of a range of environmental conditions for a Ganges river
dolphin habitat.
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Reach: The small linear section of a stream or river along which similar hydrological conditions
exist. This is the survey unit in which survey transects (cross-sections) are established to obtain
average characteristics of a study. Satellite images and Google earth can be used to identify and
delineate the reach along the entire study area.

River channel properties: The hydraulic habitat attributes of river channels such as depth,
velocity, width, flow, and substrate type that define the Ganges river dolphins’ habitat. The
channel attributes are collected by making a cross-section across the channel.

River geomorphology: The physical shape of a river. During the process of measuring the
geomorphology at the reach level, shapes of reaches are identified and recorded. Confluences,
deep pools, meandering channels, and straight channels are examples of river geomorphology
that affect the Ganges river dolphin population's presence and absence.

River hydrology: River hydrology may be defined by its depth, velocity, and other attributes such
as discharge, at points of measurement.

Segment:This is a linear small section (distance) between transects in a reach that is used to
make transects.

Transect (cross- section): The perpendicular line that crosses the river from the left bank to right
bank, where channel properties are measured.

Wetted perimeter: The total length of the river bed at an intersection that is under water.

Prior to conducting habitat assessments, past and current dolphin distribution information must be
used to identify the ‘habitat assessment sites’. These assessment sites can be in both rivers where
dolphins are known to be present, and those from where dolphins have been extirpated.
Information from rivers where dolphins are extirpated is useful for understanding reasons for
species extirpation and declines, whereas information from locations where dolphins still occur can
be used to understand river dolphins' preferred habitats.

Dolphin preferred habitats can be described in terms of the quality and quantity of the physical
habitat. Knowledge developed using a habitat-based approach should always aim to maintain, or
even improve, the physical habitat, and to avoid limiting the physical habitat available for river
dolphins. Therefore, the purpose of such habitat assessments should be to calculate water
velocities and depths for a range of flows, and compare these with preferred habitat conditions, and
thereby safeguard river dolphin habitats by maintaining environmental flows. The key strength of
this method is its ability to quantify the correlation between flow and dolphin ecology, as well as
habitat loss associated with changes in natural flow regimes. An effective habitat-based method
includes two key components: (i) assessing both used and available habitats so that instream
(flows) habitat availability can be calculated in response to habitat parameters across space and
time scales, and (ii) developing habitat and dolphin relationships in order to ensure long-term
longitudinal habitat connectivity that supports the movement and dispersal of dolphins.

While conducting the habitat assessment it is also important to consider anthropogenic factors that
directly affect dolphin presence and abundance. Human disturbance is inevitable, and it should be
recorded and measured at the same spatial interval as the physical habitat. While evaluating the
guality and prioritisation of river segments for conservation planning, both environmental and human
factors are taken into consideration.
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3.4. When to conduct habitat assessments

The most effective time of year for carrying out a Ganges river dolphin habitat assessment is when
the habitat environments are most stable i.e. during the low water season. This provides more
accurate and precise information about Ganges river dolphin habitat preferences. It is therefore
recommended to conduct the assessment when flow discharge is low (see Section 2.3.2). Flow is
the key habitat variable which directly affects dolphin habitat availability over space and time. For
habitat assessment and management, it is essential to understand how habitat changes with time
for different flows, so that water-based development project impacts on Ganges river dolphins are
minimised. Therefore, it is recommended to identify multiple major flow classes (classification of
flows in different classes) during the low water season (dry season) using step 4 of the assessment
process, and to evaluate how habitat variability changes over time. At least one survey per flow
class is recommended if multiple classes are identified. For example, in the Karnali River system of
Nepal, Paudel et al. 2020 identified three major flow classes (December, March and May) when
assessing habitats during the low water season.

@)

3.5. Ganges river dolphin habitat assessment in the GBM river
basin: a systematic approach

A suitable habitat assessment for the Ganges river dolphin includes a number of steps that begin
with the identification of the study area to be examined. In the case of baseline monitoring this might
be the entire range of the species, or for specific WB projects this would be smaller areas more
directly impacted. The steps of the habitat assessment process are described below, and are
summarised in figure 8:

1. Identification of the river segment that needs to be examined i.e. the study area: A review
of historical and current documents (peer reviewed articles, technical reports), alongside
community and other stakeholder consultations, should be conducted to determine the range of
dolphin distribution for which habitat assessment is essential. The study area size can be
determined depending on the scale of the assessment to be carried out (local or regional). If the
assessment is to evaluate impact of a development project, the study area can be determined
during the project planning phase based on the project’s potential impact on the current dolphin
distribution range.

2. GIS mapping: Delineating and quantifying the study area identified in step 1 is the next step.
This can be accomplished by using the latest available topographic maps, Google Earth, or
satellite-based images in Geographic Information System (GIS). It will also assist with
understanding the range of current distribution, quantifying habitat changes over time if two
survey periods’ data are available, and comparisons between pre and post flood situations.

3. Sampling technique selection for habitat measurement: There are three common sampling
techniques used for assessing Ganges river dolphin habitat: point, reach level, and stratification
sampling. Each approach is unique and has its own strengths and objectives. In this step, the
appropriate sampling approach is determined (see figures 5 and 6).
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Figure 5: Decision tree to select habitat sampling method
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balancing river dolphin
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Stratification Determine sampling technique
sampling based on resources and time
available, and the level of detail
of assessment needed

The approach selected depends on the available resources and the scale of habitat
assessment required i.e. rapid (intensive restricted scope) or detailed (broad geographic
scope). Below is a description of each of the three sampling techniques:

a. Point sampling: If the purpose of the assessment is only to characterise the dolphin's
preferred habitat, point sampling locations can be identified and established at the river
dolphins’ occupied habitats based on historical abundance data or by conducting
population surveys. Point sampling is commonly conducted in locations preferred by
dolphins, such as confluences, deep pools, and meandering habitats of rivers. Before
applying this approach, a sufficient number of replications for each type of preferred
habitat feature must be identified in order to make habitat estimates statistically valid.
Because this approach does not evaluate the overall condition of available habitats
systematically in the entire study area, it is not possible to evaluate both the quality and
quantity of available habitats in relation to the environmental changes over time. Habitat
monitoring can only be done at the sampling locations of that particular preferred habitat
feature.

b. Reach level sampling: After the reach has been determined based on similar hydrologic
conditions (such as discharge, depth, slope, area) and delineated within the study area,
transects (or cross-sections) can be laid out systematically and habitat variables
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collected. The segment length (interval between two transects) can range from 200m to
2km depending on the resource availability and on the scope of the assessment. A longer
segment reduces the reliability of the habitat characteristics estimates. For a segment
length of 200m, a transect is placed every 200m to collect habitat variables. However, if a
coarse segment length is considered, establishing more than one transect at a uniform
distance within a segment will improve the accuracy of habitat measurements. This
technique helps identify factors that predict the occupancy and presence of dolphins in
the river by analysing data collected at the reach level along with habitat variables
collected at transects within a reach. Reach level sampling has two constraints:

(i) habitat variables are measured at systematically selected transects rather than where
dolphins have been sighted, and are linked to dolphin abundance data collected at reach
or segment level. There is therefore the possibility that habitat variables may be
overestimated or underestimated depending on the reach's size.

(i) The estimated habitat variables may not reflect river dolphins' habitat preferences as
the variables are measured at fixed uniform intervals rather than within the dolphins'
actual habitats.

. Stratification sampling: Stratification based on the functional habitat type is a more
detailed and intensive approach to habitat assessment that takes into account
geomorphologically similar river segments within a reach. With this method, it is possible
to capture features of discrete functional habitats that dolphins prefer, such as
confluences, deep pools, or meandering habitats, in a systematic manner. During habitat
mapping, functional habitat types with similar geomorphological characteristics are
defined under the assumption that they exhibit similar hydrological characteristics (depth
and velocity), and their locations (start and end points) and lengths (habitat length) can be
determined using GIS tools. This Protocol recommends a maximum reach length of 2km,
and conducting functional mapping within that 2km reach. There are two steps involved in
stratifying by functional habitat types:

Functional habitat types identification, and stratification in a river segment:. This
identification of functional habitat types will be subjective and analysed visually. It is
recommended that similar morphological characteristics be maintained within each
functional habitat type. This Protocol also recommends the use of advanced technologies
such as high-resolution satellite images (20m or less) or aerial views from drones to
capture high quality images to complete this step of the habitat assessment process.
There is already a precedent for using a drone for the collection of river dolphin habitat
information in the Ganges River Basin. During a 25-minute flight session, Sonkar et al.,
2023 used drone technology to assess a 2km segment of the Ganges River in India.
However, the use of drones may be less practical than using high-resolution satellite
images e.g. for a larger river segment.

Establishing transects within a functional habitat type: The next step is to establish
transects for each functional habitat type. Rather than applying simple random sampling
within the functional habitat, transects should be tailored to specifically cover the range of
hydrologic variations within a survey reach. As the river shape becomes more variable,
the number of transects must increase in order to obtain detailed habitat type
measurements. Ensuring that no transect represents more than 5% of the habitat, or at
most 10% of the habitat, can help to determine the appropriate number of transects to
establish. You could, for instance, survey six transects within a reach where 'meandering
habitat' makes up 25% of the reach, so each transect represents 4.2% of the reach.
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Figure 6:

How habitat data collected by different sampling used to characterise and evaluate the Ganges river dolphin habitats
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4,

Identification of survey frequency for habitat assessments: River dolphins respond in
different ways to flows, so it is vital to understand how instream habitat changes as flow
changes. Therefore, habitat models are used to predict habitat changes with flow and structure
of river channels, and to assist decisions on acceptable flow regimes. This is an important step
as it will help to suggest suitable flow regimes in the GBM river basin, where there are
numerous water infrastructures, for example barrages diverting water for agricultural purposes.
This is even more critical if the study is carried out as part of an EIA assessment. As discharge
varies over time, the first step is to determine the appropriate frequency of assessments based
on historical discharge datasets available for the study area to capture habitat variability in
relation to flow throughout the year. It is recommended to avoid conducting field surveys in
peak monsoon seasons or to conduct assessments only in segments with the most stable
channel environments, for example, tributaries or distributaries in the high flood seasons.
Surveys should be conducted during the dry season when discharge is lowest, and further low
flow season can be categorised as low, medium, and high flow, or any number of flow classes
explained by the flow variability. Depending on funding and resources, the number of
assessment frequencies can be determined within dry season or flow classes. If flow classes
are made within the dry season, there should be at least one field survey per flow class.

Surveying transects (cross-sections): Depending on resource and time availability, transects
should be constructed to measure habitat characteristics using the sampling technique selected
in step 3. It is necessary to make transects in both used and available habitats in order to
assess and quantify preferred habitat availability. Figure 7 illustrates the basic procedure for
surveying the transects.

Available habitat measurement: Considering the study area as an available habitat for river
dolphins, the appropriate sampling technique described in step 3 (either point, systematic or
stratified, is used to identify and establish transects along the study area. It is important to
identify and record the GPS coordinates of transects clearly in the field to facilitate repeated
surveys in the future. In order to capture both river channel shapes and flow characteristics at
transect, measurements should be done perpendicular to river flow from the left bank to the
right bank of the river. As anthropogenic activities and channel modification directly influence
channel shape, the Protocol recommends recording wetted perimeter (or area), total discharge,
velocity, depth, cross-sectional area and substrate types should be at every transects. Figure 7
shows an ideal approach to measuring channel shape and gathering information on velocity,
depth, discharge and substrate type at a transect. To collect key information on channel shape
at a transect, a series of velocity and depth measurements are made at a specific number of
locations (also known as stations, panels, or verticals). Depending on flow variability across the
transect, the minimum number of verticals can be 10 to 25, but 20 to 30 is recommended.

Measurement of channel shapes and geomorphics can be done using a variety of equipment. A
GPS linked echo sounder or depth finder can be used to calculate depth and velocity can be
measured using a current metre, or an Acoustic Doppler Current Profiler (ADCP). A common
current meter is the Price AA current meter. It is more resource-consuming and labour-
intensive to measure a cross-section using a current meter, so more automated methods are
recommended when resources are available.
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Figure 7: The ideal mid-section method for establishing and measuring the transect to determine
the total discharge. In each rectangular sub-section, vertical lines (V0, V1...Vn) are established
where depth and velocity are measured, including a distance from the starting point. Using the
width, depth, and velocity of the sub-section, the discharge is estimated for the sub-section. The
total discharge is calculated for a transect once discharge is calculated for all sub-sections.

Recent technological advances have enabled the use of an Acoustic Doppler Current Profiler
(ADCP) to make discharge measurements. The Doppler Effect is used to measure water
velocity with an ADCP. Typically, the ADCP is mounted on a boat or small watercraft and its
acoustic beams are directed into the water from the surface. As the ADCP moves across the
river surface, it is used to measure velocity and depth and internally estimates total discharge
at the cross-section. Since the major rivers in the GBM river basin are wide and require
considerable effort to measure their cross sections, ADCP is a highly recommended method if
resources permit. ADCP is a fully automated system that calculates river shape and flow
characteristics internally, significantly reducing human resources and extensive field
measurements. By using ADCPs, discharge measurements, including other transect
parameters (velocity, depth, wetted area perimeter, etc) can be made at a higher spatial
resolution, ranging from 0.02m to 0.5m, with a 0.25% accuracy level.

Dolphin survey to document used habitats: Dolphin surveys using the standard method
described in Section 2 should be conducted throughout the study area to document the
locations that dolphins occur and the habitat that is used. It is recommended to make flow
classes within the dry season to capture dolphin ecological preferences in response to flow
variations. The recommendation is to measure at least 30 occupied habitats (if multiple flow
classes are taken in the dry season, 30 measurements per flow class) in the entire study area
in order to increase the reliability and replicability of the results. The survey can be conducted
at the same time as the population assessment, but should be done by an independent team
that does not violate the method for assessing the population abundance. Transects can be
established following the guideline discussed above to obtain information about both river
channel shape and geomorphic, flow, and water properties.
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6. Fish/prey assessment: Long gillnets with mesh between 3mm and 20mm can be used at the
reach level to assess the abundance of river dolphin potential prey species (Sinha et al., 1993).
Dolphin presence/abundance must be verified before conducting a fish assessment using
gillnets so as to prevent dolphin entanglement. The gillnet used by Bashir et al. (2012) was
40m long (5m deep) with a single 20mm mesh panel.The procedures for setting, releasing, and
retrieving gillnets can be found in Bashir et al. (2012). This Protocol recommends setting the net
perpendicular to the shoreline for at least two hours so that you can capture fish size variability.
The net should not be left unattended and should not block the channel width where the net has
been placed. However, it is also possible to integrate panels of different mesh sizes together in
one net. Whenever fish are caught in nets, they should be identified (using appropriate
taxonomic texts), measured (length), and immediately released. Catch per unit effort, or other
relative abundance indices of each type of prey, can be estimated to determine resource
availability. It is possible to analyse prey abundance both in occupied and available habitats of
river dolphins, which allows us to compare prey availability in both occupied and available
habitats.

7. Measurement of water properties: At reach level (identified in step 3), water quality properties
should be recorded based on the location of the study area. For water properties analysis, at
least two water samples should be collected at the beginning and ending points of a reach. A
handheld water quality monitoring device (e.g. the YSI ProDSS) can be used by the survey
team to record data regarding the physicochemical characteristics of the river, including pH,
electrical conductivity, temperature, dissolved oxygen, nitrates, and turbidity. A sampling of
water is needed for monitoring river-specific pollutants, such as pesticides, Polypropylene
Copolymers (PPCPs), and microplastics.

8. Recording of anthropogenic threats: Fisheries and river dolphin interactions, as well as
habitat degradation and fragmentation caused by human and development activities, have
contributed to the endangerment and extirpation in some of Ganges river dolphin historical
distribution range. The degradation and fragmentation of habitat as a result of human or
developmental activities should be identified (by the type and number of activities) using a
Threat Log as shown in Annex 2. Each category of threat must be defined to categorise
anthropogenic pressures e.g. water-resource development, river works, shipping, river
transport, pollution, fisheries and fishing, and sediment mining. The type, location, and intensity
of each activity must be reported to analyse human pressure on dolphin distribution and
occupancy at the survey segment level.

As noted in the abundance estimation methodology (Section 2.5.6), studies have shown that an
increase in ambient noise levels from shipping alters Ganges dolphin acoustic responses,
strongly masks echolocation clicks, and more than doubles metabolic stress, and that these
noise impacts are further aggravated during by river depth reduction during the low water
season (Dey et al., 2019). It is therefore important to identify vessel usage, alongside
identification of core river dolphin habitats that are not in close proximity to vessel usage, and to
safeguard these ‘acoustic sanctuaries’ that are important for river dolphin reproduction, feeding
and/or resting (Willems et al., 2021). Where there is vessel usage, measures can be proposed
to reduce underwater radiated noise, either through reductions in vessel source levels via
technological modifications and operational slowdowns, or through measures to reroute vessels
away from important habitats (Rojano-Doniate et al., 2023).

In addition to recording the anthropogenic threats described above, it is also recommended to

conduct fisheries-dependent surveys (fisheries interviews) over time and space in order to
predict direct competitive interactions between Ganges river dolphins and fisheries. As part of
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this survey, fisheries socioeconomic information should be collected, including information on
fish caught (species, size, total catch per trip), trip details (gear used, duration, location of
fishing, efforts per week) and number of active fishing boats/vessels in the study area. The
proportion of the dolphins’ potential prey sizes per catch (Sinha et al., 1993) can be measured
and tracked in order to ascertain the extent to which fishing pressure affects river dolphin
feeding habits. These diet overlap results help to minimise potential conflicts between river
dolphins and fisheries by providing evidence for fisheries regulation. It is also important to
observe the aspects of interaction between fisheries and river dolphins. One way to assess the
interaction is by assessing the overlap in timing of activity by dolphins and fisheries. The time of
both dolphin detection and fishing activity can be pulled from abundance surveys and threat log
sheets. There is also a need for understanding how river dolphins respond to fishing activity,
boats, or any other disturbance caused by humans. Observation studies can be conducted to
determine how river dolphins react to human disturbances. An example of this type of study is
by Paudel et al. 2020, where different methods and approaches to examine fishing and river
dolphins interactions are applied and discussed. By analysing dolphin responses to human
disturbance, it is possible to identify the areas of influence and regulation needed to minimise
fisheries interactions with dolphins.

9. Data analysis and reporting: From a habitat assessment, the following estimates/results
can be generated:

e Using the occupied habitat data in which the species was observed, it is possible to
characterise the river dolphins’ preferred habitat. Based on dolphin habitat preference
information, it can be determined which habitats are likely to be used, from point stations
to whole segments of rivers.

e Depending on resources, expertise availability and scope of the assessment, it is also
possible to develop habitat suitability criteria independently for each habitat variable
(depth, velocity, cross-sectional area, flow, substrate type, and water properties) that
leads to the development of a habitat suitability index or Weighted Usable Area (WUA).
The suitability index scores or WUA can be developed for each transect of the habitat
survey and interpolated at the reach scale using GIS techniques, commonly done in
ArcGIS software.

e Multivariate statistical models (such as generalised additive models and binary logistic
regression) can also be used to characterise river dolphin habitats. It is also possible to
develop the flow and habitat suitability index (instream habitat availability)/WUA
relationships using quantitative models (linear or non-linear regression), which allows us
to quantify the impact of flow changes on river dolphin instream habitat availability.
Figure 6 illustrates how habitat data collected by different methods can be used to
characterise and evaluate habitats.

e The habitat suitability index or WUA (developed in the previous step) can be used to
qguantify preferred instream habitat availability both at transect and reach levels at
different flows using flow analysis software, such as SEFA. It is also possible to
determine instream habitat availability for any time of year if stream gauge data (gauge
station data) are available for a study area using flow and habitat relationships. In
addition, flow-habitat relationships can also be used to determine the flow requirements
to maintain river dolphins' longitudinal and lateral connectivity.

e A habitat suitability index or WUA is developed at transect level based on channel
hydrological (discharge, velocity, depth, wetted area perimeter) and geomorphic factors.
Changes in the instream habitat conditions can be detected over time if these
hydrological parameters are available for at least two survey period
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Figure 8: Systematic workflow for river dolphin habitat assessment in the GBM river basin (Major field level activities, including habitat
measurements, are shown within the red box).
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3.6. Engagement of stakeholders in the habitat assessment
process

Managing water resources in the GBM river basin involves balancing ecological needs with socio-
economic demands. In order to develop effective river conservation and management plans that
promote the sustainable use of river resources, stakeholders should be identified and engaged in
the habitat assessment process during both its design and implementation. This will keep them
informed about the process and the results. The use and management of water resources involves
multiple stakeholders, so sharing the results of the study where permitted is an important part of
managing river resources. Draft results can also be shared for comment and feedback to help build
ownership and consensus.

It is imperative to consider multiple water users when protecting river features, functions and
biodiversity. The results of habitat assessments can help determine, for example, the flows that will
keep a river ecosystem functional while supporting societal and water-based development needs.
Therefore, identifying stakeholders before the assessment process and engaging them during and
after the assessment process is essential for the development of sound plans to conserve river
dolphins.

Local communities and (other) landowners also have an important role if the survey team is visiting
their land. It is then important to gain permissions and inform the landowners/communities in
advance.

Regarding collecting data on fish species present in the river; refer to the earlier prey and fish
assessment process (step 6), which describes how communities and fishing licence holders can
help build a fish/dolphin prey database.

3.7. Provisional equipment list for the habitat assessment

A provisional list of the technical equipment required is provided in Annex 4.
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4. Emergency response approaches

River dolphins are vulnerable to entanglements in fishing gear, injuries due to vessel or propeller
strikes, chemical/oil spills and entrapment in irrigation canals or smaller pools in the dry season. All
these threats require immediate responses, it is therefore crucial to plan and prepare for each
potential emergency. There needs to be a separate response protocol and plan to deal with these
emergencies, with a clearly defined responsibility matrix of the relevant institutions/departments.
This also requires capacity building and specialist skills and equipment. Section 7 provides some
recommendations for progressing the implementation of such a response plan.

Dealing with emergencies provides an opportunity to also assess the health of river dolphins, as it is
impossible to assess the health of river dolphins in the wild; the surfacing of Platanista species is
short and one can only briefly see a small portion of the body, and observations of injury or poor
health are only noticeable if there is something very obvious, for example an abnormal rostrum.
There is currently no research on the health and disease aspects of Platanista. Cetacean medicine
is still evolving, and the majority of information on cetacean health comes from a few long-term
studies on the health of the common bottlenose dolphin (Tursiops truncatus) (Barratclough et al.,
2019). These long-term health assessments started when bottlenose dolphins were captured for
public displays.

Attempts should not be made to capture live Ganges river dolphins that do not require an
emergency response or rescuing; there are considerable dangers associated with live capture,
including the possibility of the dolphin being unable to withstand the stress of capture; mortality
during capture due to capture myopathy is a known issue with cetaceans. Where dolphins are live
captured as part of their rescue, a health assessment of the dolphins should only be carried out by
trained practitioners, and any sample collection from live animals should only be carried out by
veterinarians or other trained professionals, ensuring that the welfare of live animals is not
compromised in any way. It is important to build this capacity in the region. There is currently
collaboration between WWEF, the National Marine Mammal Foundation, and the Marine Mammal
Commission, to support capacity building for cetacean health assessment in Cambodia and
Pakistan. There is the opportunity to scale this up into a more regional approach.

See Table 4 from Barratclough et al., 2019, describing samples that can be collected from live
dolphins and how these can be used.

Table 4: Replicated from Barratclough A., Wells R. S., Schewacke L. H., Rowles T. K., Gomez F. M.,
Fauquier D. A., Sweeney J. C., Townsend F. I, Hansen L. J. Zolman E. S., Balmer B., C., and Smith
C. R. (2019) Health Assessments of Common Bottlenose Dolphins (Tursiops truncatus): Past,
Present, and Potential Conservation Applications. Frontiers in Veterinary Sciences

Procedure Description Use

Blood sample Obtained from the periarterial rete on the ventral
aspects of the tail fluke

Biochemistry
Haematology
Blood gas analysis
Endocrinology
Immunology
Serology

Genetics

Surgical biopsy Full thickness wedge biopsies of skin and blubber
are routinely taken via an inverted ‘L’ block under
local anaesthesia from the left lateral body wall
caudal to the dorsal fin

Genetic population structure (skin)
Foraging ecology (skin)

Chemical contaminants (blubber)
Hormone level (blubber)
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4.1.

Microbiome

Urinalysis

Bladder catheterisation

Renal function assessment
Dietary analysis

Tooth extraction

Single tooth extracted under local anaesthesia

Age determination

Ultrasonography

Thoracic and abdominal internal assessment

Lung pathology

Reproductive assessment
Full abdominal exam including
renal assessment

Blubber thickness

Electrocardiography

Adapted field use in and out of water

Cardiac assessment

Morphometrics

Standardised full body measurements: lengths,
girths, weight

Assess body condition and and
growth rates

Auditory evoked
potential

Portable unit adapted for field assessment
audiograms

Assess hearing range and
sensitivity

Lesion biopsy

Sample of abnormal skin lesions e.g. pox or
freshwater lesions

Histopathology

Blow analysis

Exhaled breath vapour

Pathogen and hormonal analysis
Metabolites
Respiratory function testing

Microbiology Swabs/culture plates from oral respiratory or genital Bacteriology
orifices Virology
Freeze brand Dorsal fin Identification

Faeces and urine
collection

Swabs or catheter

Biotoxin analysis

Skin biopsy
Electronic and/or
roto tagging

Skin sample from autopsy or from dorsal fin tagging

Genetics, sex, stable isotopes
identification

Ranging patterns reproductive
status

Survival

Rapid health assessment of live dolphins

The following steps are a guide to some data collection in case there is an opportunity to
handle/rescue a live dolphin in case of an emergency event: a dolphin trapped in a disconnected
pool in dry season, entanglement event or injured animals in need of help etc .

a. Body condition: assess the overall physical condition, including weight, muscle mass,
and signs of malnutrition or emaciation. A healthy dolphin has a round abdomen
because of a thick blubber layer.

b. Check for any lesions, wounds, parasites, or abnormalities on the skin.

c. Breathing interval: monitor breathing patterns and any signs of respiratory distress or
irregularities. Monitoring of breathing intervals (surfacing) in the river provides
information on normal breathing intervals so that when the animal is being handled,

breathing interval monitoring helps with understanding when the animal is stressed. This
usually is indicated when the interval becomes too short or too long. In both cases one
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should abandon any handling/procedure and help the animal recover (place in the water
immediately).

d. Behavioural observations: observe the dolphin's behaviour for signs of distress. A
curving body acquiring a banana shape, snapping jaws, snapping fluke, vomiting food
are all signs of stress.

e. Body temperature: measure body temperature to detect any signs of fever or
hypothermia.

f. Reproductive status, for example pregnancy, ovarian activity or testis size to understand
the sexual maturity can be determined through a diagnostic ultrasound. A full body
ultrasound can provide an excellent tool during dolphin health assessments, and it has
been pioneered by the National Marine Mammals Foundation (Barratclough et al., 2019).

g. Collect morphometric data on the standardised form. This helps to build data and helps
with understanding what is normal or not.

h. In some habitats in the GBM it is common to have close interaction between dolphins
and bovids or other domestic animals. An example is buffaloes swimming close to
Platanista, where it is then important to sample bovids for those diseases that can be
transmitted e.g., brucellosis. In addition, it is important to have a mapping done of all the
diseases in the livestock in the vicinity.

4.2. Necropsies

In the case of a dead dolphin, it is recommended to use the standardised form that was developed
by Dr Frances Gulland, Marine Mammal Commission and the Global Marine Mammal Stranding
Network (https://globalstrandingnetwork.com). This has been adapted for Platanista species by the
National Marine Mammal Foundation, USA (see Annex 5).

This enables the building of a database of what are ‘normal’ health and life history parameters for
the species in different river systems.

4.3. Bycatch and mortality monitoring network

One of the most critical threats to river dolphins is mortality caused by entanglements in fishing nets.
Bycatch and mortality monitoring networks can play an important role in collecting information on
bycatch and also dolphin mortality due to other causes. These networks typically involve
collaboration between government agencies, research institutions, NGOs, local communities as part
of citizen science, in particular fishers. The implemented process can include standardised data
collection to record threats, bycatch and mortality. The mortality data builds gradually over time, with
information helping to determine the causes of mortality, its extent, and identifying harmful gear and
mortality hotspots.

For marine cetaceans, beach surveys in coastal areas are usually carried out to search for stranded
or dead dolphins. These surveys may also involve collecting data on live dolphins. However, this is
not practical in the GBM river basin as dolphin carcasses usually get lost in the sediments or float
downstream. Interviews with the fishers have been used by WWF to collect mortality and bycatch
data in some river dolphin project sites in India and Pakistan.

It is recommended that interview-based community surveys along with citizen science and bycatch

and mortality monitoring networks are implemented to build databases to determine the scale and
causes of river dolphin mortality in the GBM river basin.
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5.

Strategic conservation approaches for the GBM
river basin

In the realm of conservation efforts, strategic policy interventions play a pivotal role in safeguarding
endangered species and their habitats. Within this context, the Ganges river dolphin, an iconic and
endangered mammal inhabiting the river systems of South Asia, demands urgent attention. This
section of the Protocol describes top-line strategic policy interventions that are tailored specifically
for the conservation of the Ganges river dolphin in the GBM river basin countries in the context of
the new GBF. By focusing on high-impact approaches at the policy level through the National
Biodiversity Strategy and Action Plans (NBSAPS), this section aims to provide a comprehensive
framework for governments to enact targeted measures towards ensuring the survival and thriving
of this endangered, obligate freshwater dolphin species. Through strategic planning and concerted
action, the habitat of the Ganges river dolphin can be secured. This analysis can also help with
strengthening Project ESMPs and with including components in site specific action plans such as
habitat restoration, building connectivity and enhancing the network of legally protected areas and
Other Effective area based Conservation Measures (OECMs).

There are currently numerous conservation initiatives within the GBM river basin. Table 5 presents
examples of some that are active in 2024 and provide opportunities to build collaboration, scale up
and integrate in the new NBSAP framework which the GBM river basin countries are currently in the
process of formulating.

Table 5: Active conservation initiatives (2024), and opportunities

Key conservation Bangladesh India Nepal Opportunities
action
Population Dolphin Wildlife Institute of FPODs (Passive | Use the latest
monitoring conservation India (WII) led Acoustic population data
programme under comprehensive Monitoring to conduct
SUFAL project range wide surveys Devices to detect | spatial planning,
Forest Department and habitat dolphins in identifying
led by WCS assessment Karnali and PCAs, KBAs,
tributaries which | OECMs

click waveform
data showed
dolphin presence
throughout the
year. Example of
using FPODs to
detect dolphins
in low density
areas and to
track movement.

Pingers to deter
dolphins from fishing
gear - successful
deterrence and zero
dolphin entanglement

WII & Aaranyak is
working in Assam
and Bihar. and in

collaboration with

Successful trials
provide potential
to build more
regional trials,
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Key conservation
action

Bangladesh

India

Nepal

Opportunities

(WWEF India
unpublished data)

WWF, conducting
trials in West Bengal.

knowledge
exchange

Conservation
Assured River
Dolphin Standards
(CAIRDS) -
improving
management
effectiveness of a
river dolphin site

Site selection has
been in the Hoogly
River, West Bengal

Implementation
of CA|RDS can
enhance
efficiency of
river dolphins
PAs and sites
through a
guided process,
monitored by
experts and
recorded via
software.

Emergency Rescues
from irrigation canals/
translocation

Canal rescues.

Turtle Survival
Alliance along with
the government
departments
regularly rescue
Ganges river
dolphins from the
irrigation canals.

Exploring the
need in other
GBM countries,
building
collaboration
and learning
from regional
experience (e.g
Pakistan).

Fish Reserves/
Community led
initiatives

FishWorld and
UNDP have set up
community
managed fish
reserves to protect
fish in the low water
season in
disconnected pools
and also alternative
livelihoods for
communities during
the fishing closure
season.

15 Community
based River
Stretch Co-
Management
Groups
(CRSMGSs)
formed,
registered in
local government
and regular river
monitoring
started in Karnali
River.

Conduct site
level
assessment to
recognise as
OECMs,
aligning with the
KM-GBF.

Education outreach
initiatives

Sundarbans, fisher
communities
empowerment about
legislation and
bycatch, led by
WCS.

WII & Aaranyak is
working on
community-led
education work
across the Ganges
(through NMCG,
Ministry of Jal
Shakti) and through
MoOEFCC in West

Community led
education work
in Karnali.
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Key conservation Bangladesh India Nepal Opportunities
action

Bengal, UP, and

Assam

(Brahmaputra)

Citizen Science WCS citizen science | Network of Registered Monitoring
network to rescue registered CRSMGs mortality,
dolphins that get community members | members that improved
entangled in the that help to monitor help to monitor reporting and
fishing nets. aqguatic biodiversity, aquatic database

threats, water quality | biodiversity and development.
and flows. threats.

5.1. Existing Protected Areas, Key Biodiversity Areas and
Ramsar sites in the GBM river basin

World Bank-financed projects are required to implement actions to protect sensitive biodiversity
features. Actions that align with and enhance protected area networks and existing conservation
initiatives and have an increased chance of success. This section is therefore included as an
overview of the status of existing conservation initiatives in the GBM river basin with relevance to
Ganges river dolphin.

There are currently 44 sites in the GBM river basin that are either legally protected or are
internationally recognised, either as a Ramsar wetland, Key Biodiversity Area (KBA) or as a
UNESCO site; refer to Table 6. Some of the core habitats of the Ganges river dolphin are not
protected, although are recognised as a KBA. For example, the Jamuna Brahmaputra River in
Bangladesh. KBAs do not require any governance structure for management but are internationally
recognised areas of high biodiversity value.

In the GBM region there are numerous community-level conservation initiatives. As part of the
revision process for National Biodiversity Strategies and Action Plans (NBSAPs), it would be a
significant stride forward to undertake an assessment of OECMs. This evaluation can provide
valuable insights and enhance the effectiveness of conservation efforts outside protected areas
within the region.

Table 6: Legally Protected Areas (PAs) and internationally recognised areas (KBA/Ramsar)
established for Ganges river dolphins

Page 55



# Country Site name KBA areain Ramsar Protected Area
ha * designated | (km river
wetland stretch/ha where
specified)
1 | Bangladesh Ganges- 794,690 No
Brahmaputra-
Meghna delta
2 | Bangladesh | Jamuna-Brahmaputra 343,400 No
river
3 | Bangladesh Sunderbans (East, Yes Yes
South, West Wildlife 182,528
Sanctuaries)*
4 | Bangladesh Nazirganj Wildlife No Yes 146 ha
Sanctuary*
5 | Bangladesh | Nagarbari mohangon; No Yes 45
Wildlife Sanctuary
6 | Bangladesh Nagderma Silonda No Yes 46
Wildlife Sanctuary
7 | Bangladesh Dhangmari Passur No Yes 30
Dhangmari Wildlife
Sanctuary
8 | Bangladesh Dudhmukhi Bara No Yes 58
Showla Wildlife
Sanctuary
9 | Bangladesh Chandpai dolphin No Yes 560 ha
sanctuary*
10 India Barail Range 137,272 No
11 India Barail Wildlife 27,867
Sanctuary
13 India Deobali Jalah 1,626
14 India Deobali Jalah,
Sialmari, Haibargaon, 3.145
Khutikatia (Nagaon) ’
15 India Dibru - Saikhowa 128,231
Complex
17 India Hastinapur Wildlife 259,001 80

Sanctuary
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# Country Site name KBA areain Ramsar Protected Area
ha * designated | (km river
wetland stretch/ha where
specified)
18 India Katerniaghat Wildlife 50
Sanctuary and 70,826
Girijapur Barrage
19 India Kaziranga National 54,331 Yes
Park
20 India Keoladeo National 113,308 Yes
Park and Ajan Bande
16 India Farakka Barrage and 5,082
adjoining area
21 India Kurseala River 271,096 No
Course and Diyara
Floodplain
22 India Kusheshwarsthan 77,092 No
23 India Mahananda Wildlife 17,506 Yes
Sanctuary
24 India Majuli 154,748 No
25 India Manas National Park 65,941 Yes
26 India Mokama Taal (Barah) 157,748
Wetlands
27 India Narora 12,761 Yes (160 No
km)
28 India National Chambal 425
Wildlife Sanctuary 13,238
(Agra/Etawah)
29 India National Chambal Yes
Wildlife Sanctuary 24,451
(Bundi/Kota)
30 India Norpuh Reserve 31,621 Yes
Forests
31 India Pabitora Wildlife 4,375 Yes

Sanctuary
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# Country Site name KBA areain Ramsar Protected Area
ha * designated | (km river
wetland stretch/ha where
specified)

32 India Rajaji National Park 134,493 Yes

33 India Sohagibarwa Wildlife 44,129 Yes
Sanctuary

34 India Sundarbans
Biosphere Reserve 424,339
(National Park)

35 India Valmiki Tiger 115,476 Yes
Reserve and
Saraiyaman Lake

36 India Vikramshila Gangetic 60
Dolphin Sanctuary, 23,359
Bihar

37 India Sarnath Turtle No 7
Sanctuary

38 India Bhimbandh Wildlife No 35
Sanctuary

39 India Hastinapur Wildlife 259,001 80
Sanctuary

40 India Wetlands of Yumna 7,700 No
River

41 India Son Ghayal Wildlife No 45
Sanctuary

42 Nepal Bardia National Park 192,960 yes

43 Nepal Chitwan National 239,973 Yes
Park

44 Nepal Koshi Tappu Wildlife Yes
Reserve and Koshi 40,458
Barrage

Wetlands of Yumna River is a KBA and falls outside the range of the Ganges river dolphin; there have been
sightings of 12 dolphins (Taigor S, 2020).

*For the assessment and area estimation of Key Biodiversity Areas (KBAs), the spatial data were downloaded
from WDKBA website as given below https://www.keybiodiversityareas.org/kba-data/request .The area was
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calculated using the shapefiles for accuracy. These areas are not physically demarcated and some areas may
differ from the area mentioned in the site profile on the website.

The GIS mapping of KBAs, Ramsar sites and PAs is presented in Figure 9, noting that some PAs
overlap with KBAs and Ramsar sites. The geographic distribution data of the Ganges river dolphin
was obtained from the IUCN Red List (Kelkar et al., 2022), which was available in the form of
polygons. These polygons represented four categories of the geographic distribution; Extant
(Resident), Extant (Passage), Possibly Extant (Seasonality Uncertain), and Extinct. To estimate the
lengths of each river section, vector data of rivers in linear form was acquired from various online
(Google Earth) sources. These river sections were then sorted into the predefined IUCN Red List
categories for the assessment of the Ganges river dolphin population.

This shows that there are 15,942 km of rivers with Ganges river dolphins (including all sections with
known or unknown status) in the GBM rivers. The precise distribution range under different
categories (extant, passage, possibly extant) was recalculated using Kelkar et al 2022. This is
slightly different from the range of the Ganges river dolphin mentioned by Kelkar et al., 2022, as
being approximately 13,500km in the GBM river basin. The IUCN data was verified and measured
using the latest Google Earth satellite data, variations could be attributed to seasonal variation or
changes in the rivers from 2022. However, that reflects 35% as only seasonal habitat, with
occasional dolphin presence. Some KBAs are much larger (see Table 6 for the areas of the KBAS)
and only a small part of those KBAs have river stretches and have Ganges river dolphins.
Therefore, in order to calculate how much river dolphin habitat has some level of recognition, only
those sections of KBAs were used for the analysis that were part of a river; the terrestrial part of a
KBA was not included to present the data in Table 7. This shows that only an alarmingly low 7%
of total Ganges river dolphin habitat is under legal protection.

Table 7: Percentage of river dolphin habitat that is recognised under a category (protected, Ramsar or
KBA)

Category Habitat river length (km)

15,942
Total length of Ganges river dolphin habitat in
the GBM. (calculated from total length of current

distribution and Status Unknown)

1,586 (calculated from the rivers intersecting

Length of habitat declared as KBAs. the KBA boundaries)

Length of Ganges river dolphin habitat under

. 1,126
legal protection.

Percentage under legal protection 7%

There is a great deal of geographic overlap between KBAs and legally protected areas, and the
extent of this overlap can only be accurately described if the boundaries of protected areas are
available.
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Table 8: River dolphin habitat; total river length in km (calculated from Kelkar et al 2022)

"Extant (resident)" 13,176.43 10,628.39 286 2,250
"Extant (passage)" 4,958.00 3,757.39 - 1,149.76
"Possibly Extant (seasonality
uncertain)" 2,323.59 1,556.66 160.61 606.32
"Extinct" 2,720.06 2,303.91 - 416.15
TOTAL 23,178.08 18,246.35 446.61 4,422.33
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Figure 9: Map of Ganges river dolphin habitat within the GBM river basin (adapted from Kelkar et al., 2022) showing population data (Das et al.,

2022), PAs, KBAs and Ramsar sites; KBA polygons downloaded from www.keybiodiversityareas.com

Pancheswar Rupall Gad
High Dam Re-Regulating
® pam
ane:w:f Narora Ramsar Site, Karnali
il Al @, chisapani pom
Sinor brage o «
S Bm Tooy rdia National Park
Sanctuary . Narora Barrage) A Sase
@ T et nat\Widife
\ Sanct
iy
3o

Narorg

jational Chambal
-t
Projegt
Koshi Tapp@iWild
rf, Chatra Barrage'r
and Koshi Barr;
and Ajaf Bande ~— s Kulhnh“wnrllhiln \
: 201 ® N0 e Souile
. > m"@;kv..mms‘;‘w;

Ll o Sy &
Sanctuary ol

Sanctuary

Ken
Sanctuary

Deudhan Dem, v. sana

Motanpura Dam ¢ RAOpLOR

Kundallya Dam

MNyingehi

Dibang Reserve
Forest and'
e arsas

Pabitora
Widifo SR

\

Locality = Extant

Dam/Barrage Possible Range

Protected Area (PA) == Extinct

Ramsar site - KBA

PA also a Ramsar site D GBM Basin

Page 61




5.2. NBSAPSs; integrating the Kunming Montreal Global
Biodiversity Framework for the Ganges river dolphins

The population and habitat assessments can help with identifying ‘critical habitats’ that would
need to be conserved via policy actions to save natural habitats that are free from
modification by human activity, and to save modified habitat that is important for the Ganges
river dolphin. This section provides a summary of high priority strategic opportunities for the
GBM countries given that governments are currently developing their revised NBSAPs as
their commitment to the Convention of Biodiversity (CBD). Governments are to present their
NBSAPs for COP16 between 21st October - 1st November 2024, in Cali, Colombia. These
NBSAPSs are being revised to align with new Kunming Montreal Global Biodiversity
Framework (KM-GBF)® .

The KM-GBF was agreed in December 2022 at the CBD. Recently a Global Species
Action Plan (IUCN, 2023) was also developed that provides support to help with meeting
the targets of the KM-GBF. The Global Species Action Plan defines actions to help in the
implementation of KM-GPF. This action plan has been agreed between 28 leading
conservation organisations, harnessing the knowledge of hundreds of experts. There is more
awareness and agreement to support nature, and 27 of the world’s largest nature
conservation organisations, institutes, business and finance coalitions have come together
and launched a new initiative named ‘Nature Positive’ - “Halt and reverse nature loss by
2030 on a 2020 baseline, and achieve full recovery by 2050”. This goal should be delivered
through increasing the health, abundance, diversity and resilience of species, populations
and ecosystems so that by 2030 nature is visibly and measurably on the path of recovery.
This Nature Positive goal is closely integrated into the new KM-GBF.

This section of the Protocol looks into some of the most important targets of the GBF that
can urgently support Ganges river dolphin conservation in the GBM river basin. This
presents an excellent opportunity for the governments of the GBM river basin to ensure that
Ganges river dolphin conservation is reflected in the national action plans and actions. This
section brings together the key actions needed that will address the pressing needs of river
dolphins and will also help governments meet their commitments to help address the most
urgent conservation needs, capturing the essence of the KM-GPF and Global Species
Action Plans to help communities and governments progress towards conserving river
dolphins.

This new GBF and this Protocol present an opportunity to raise the strategic ambition of the
GBM river basin countries, and to maximise the strategic approach for the Ganges river
dolphin countries that is reflected in the NBSAPs, laying a foundation in the GBM river basin
for integrating 30x30 river targets, including GBM protected and conserved areas.

The Ganges river dolphin is the only river dolphin species in Asia which has transboundary
reach and movements. Their conservation therefore requires collaborative, cross boundary
conservation efforts, and the building of ecological connectivity through a network of well
managed protected areas, identification and designation of KBAs, and identifying and
recognising Other Effective area-based Conservation Measures (OECMSs). Although both the
species and their habitat face numerous threats and challenges, the tremendous knowledge,
collaboration, and opportunities in the GBM river basin can halt their gradual decline. The

6 https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
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KM-GBF has 23 targets. However, the most critical for the Ganges river dolphin are targets
1, 2 and 3 which focus on protected areas, community based conservation and enhancing
the scale of areas under protection through the 30x30 targets (Table 9). These targets
relevant to protected and conserved areas are summarised below for ease of reference.

Table 9: KM-GBF targets relevant to area-based conservation

effective management

Target 1: Spatial planning and

Target 2: Restoration

Target 3: Conservation
(30x30)

e Implement participatory,
integrated and biodiversity
inclusive spatial planning
and/or effective

e By 2030 atleast 30% of

areas of degraded terrestrial,
inland water, and marine
and coastal ecosystems are

e By 2030 atleast30% is
effectively conserved &
managed

Ecologically representative,

management processes. under effective restoration
well-connected & equitably
e Bring the loss of areas of e Enhance biodiversity and governed systems of PAs &
high biodiversity ecosystem functions and OECMs
importance close to zero by services, ecological integrity ) )
2030. and connectivity. e Especially areas of particular

importance for biodiversity
and ecosystem functions and
services

e Respect the rights of
indigenous peoples and

local communities. L
e Recognizing indigenous &

traditional territories, where
applicable

e Integrated into wider
landscapes, seascapes and
the ocean

e Recognizing and respecting
the rights of indigenous
peoples and local
communities

Target 1 ‘Integrates’ different aspects, including biodiversity inclusivity, respecting the rights
of indigenous communities, and economic and social aspects. Therefore, balancing
competing needs is essential and there is a lot of emphasis on developing a spatial plan.

5.2.1. Spatial planning

Regional/spatial planning gives geographical expression to the economic, social, cultural
and ecological policies of society. It at the same time provides a scientific discipline
identifying ecologically important areas, an administrative technique, and leads to a policy
developed as an interdisciplinary and comprehensive approach directed towards a balanced
regional development and the physical organisation of space according to an overall
strategy. It is crucial that GBM river basin countries conduct thorough spatial planning to
identify habitats for the Ganges river dolphin for their protection and connection, thereby
laying the foundation for ensuring the long-term designation of Protected and Conserved
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Areas (PCAs). As described earlier, only 7 % of the Ganges river dolphin’s habitat is
currently under legal protection. It is crucial that important habitats of the Ganges river
dolphin range are given legal protection status and these protected areas are connected,
potentially through community managed areas which are recognised as OECMs (see the
following sections).

5.2.2. Key Biodiversity Areas

KBAs help with protecting species, genetic and ecosystem biodiversity; they are a scientific
designation of biodiversity rich areas. It is not a treaty or multilateral agreement, and so is
not legally binding. However, some countries have legally recognized KBAs, for example
Mozambique. The designation of KBAs helps identify OECMs and priorities for designation
as PAs. KBAs can be designated by anyone’. However, to streamline the process, a
national coordination group should be formed.

The first stage is the assessment of KBAs through a consultative process, after which it can
become part of legislation, depending on the level of protection needed.

KBAs are a key part of the 30x30 target, where governments have committed to focus any
new protected and conserved areas under 30x30 in areas of most importance for
biodiversity. It is therefore ideal to first find out where those areas of importance are through
the designation of KBAs and then focus on the designation of any new PAs in those

sites. Because of this, the "coverage of KBAs by PAs and OECMs" is already an indicator
for the SDGs and the GBF's 30x30 goal, and something that is used to track government
progress.

This is also a requirement for many donors - for example, Global Environment Facility
(GEF). If a government wants to use its GEF funding to establish a new protected area, they
have to demonstrate that the area of the new protected area is either already a KBA, or
meets the KBA criteria.

7 https://www.keybiodiversityareas.org/working-with-kbas/proposing-updating
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Table 10 - Key Biodiversity Areas in river dolphin range countries in Asia

Serial Country Total number of Total Number of KBAs with some
KBAs overlap with river dolphin
ranges
1 Bangladesh 20 3
2 Cambodia 47 2
3 China 667 3
4 Pakistan 55 3
5 India 642 28
6 Indonesia 494 0
7 Myanmar 142 4
8 Nepal 31 3
Total: 2,098 Total: 46

It is recommended that each GBM river basin country forms a KBA National Coordination
Group, with KBAs being reviewed at the level of the Ministry, and each provincial/state
government putting forward its nomination proposal to the KBA Asia focal point. The
Coordination Group can lead a comprehensive KBA assessment for the GBM river basin
countries that includes redesignation of boundaries or removing some sites or adding more,
overlap of KBA with PA, practicalities associated with boundaries or creating KBA sites with
inter-provincial overlap.

5.2.3. Other Effective Area-Based Conservation Measures (OECMSs)

Approximately one quarter to one half of the world’s surface area is under community
management (Garnett et al., 2018) and communities are leading their conservation. It is
critical to recognise community level conservation efforts, as local communities and
indigenous people are long term custodians of their lands. It is therefore important to assess
the rights of local communities and indigenous people within the range of the Ganges river
dolphin to fully understand how there is an overlap. A similar assessment for tropical forest
dependent vertebrates revealed that at least 76.8% overlaps with Indigenous Peoples Land
(IPL) (Sze et al., 2023). Area-based conservation recognises this contribution and empowers
communities engaged in conservation efforts outside formal protected areas, fostering
capacity building and promoting the sustainable management of these areas. OECMs are for
biodiversity conservation, and are not multiple use production areas. They require some kind
of governance and are therefore an excellent platform to recognise communities and private
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sector conservation initiatives. This is done through proper assessment procedures (Jonas
et al., 2023). This will build safe conservation corridors for river dolphins and help support
sustainable fisheries for communities. NBSAPs should integrate OECMs in the GBM river
basin, thereby contributing to global biodiversity goals while respecting and empowering
local communities in their conservation efforts. OECMs assessment steps include:

e Conducting thorough mapping exercises to identify areas with high biodiversity value
outside traditional protected areas in selected regions.

e Engaging with local communities, indigenous groups, and other stakeholders to identify
and assess existing conservation efforts and management.

e Providing training and capacity-building programs for communities involved in OECMs,
focusing on bycatch and mortality monitoring, identifying fishing gear that cause more
entanglements.

e Promoting sustainable fisheries management, biodiversity monitoring, and conservation
planning to help improve governance of OECMs.

5.2.4. Freshwater Challenge

The Freshwater Challenge (FWC) is a nation-driven initiative, officially introduced during the
UN Water Conference in New York in March 2023 by the administrations of Colombia, DR
Congo, Ecuador, Gabon, Mexico, and Zambia. Positioned within the framework of the Water
Action Agenda and operating under the auspices of the UN Decade of Ecosystem
Restoration, it sets forth ambitious goals. By 2030, the FWC aims to revitalise 300,000
kilometres of degraded rivers and restore 350 million hectares of deteriorated wetlands,
alongside safeguarding intact freshwater ecosystems. Membership within the initiative is
constituted by governments, with a call extended to all UN member nations to participate.
Notably, the FWC garnered recognition as one of the official Water Outcomes of COP28
held in the United Arab Emirates.

Forty six countries have so far joined the FWC. Of the three GBM river basin countries, only
Nepal has so far joined the challenge; Bangladesh and India, have not yet joined. The FWC
does not require countries to make new commitments outside of the already established
processes, but rather to integrate existing water-related targets and commitments e.g.,
NBSAPs that they are already reporting on. Within these NBSAPs, consistent with Targets 2
and 3 of the KM-GBF, each member country can specify national targets for restoring and
conserving rivers and wetlands by 2030, and then implementing plans to achieve these
targets.
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6.

Stakeholder mapping and engagement

Stakeholders are defined in this Protocol as individuals, groups or organisations who have
an interest or stake in activities, could influence activities, or who may be impacted by
activities in the GBM river basin.

The river dolphin population and habitat monitoring processes, and the river dolphin health,
bycatch and mortality monitoring processes, described within this Protocol highlight specific
activities where stakeholder engagement is needed. Stakeholder mapping and engagement
is therefore important for these activities to be successfully implemented, as well as for
implementation of the wider objectives of the Platform. The knowledge, skills, interests and
influences of all stakeholders should be taken into account. Key stakeholders will most often
include government departments, local communities, NGOs/CSOs, and businesses.
Sufficient time and funding need to be allocated for the engagement process.

Local community engagement is key: the knowledge, livelihoods and food security of
communities who rely on the rivers are closely related to the well-being of dolphin
populations and the health of their rivers and fish stocks. Community engagement should
build understanding of, and support for, processes being implemented, leverage their
valuable traditional knowledge and skills that can contribute to river dolphin conservation,
and potentially provide a resource pool for implementing the Protocol. For example,
community members can be directly involved as data collectors who monitor dolphin
populations, educators who raise awareness in their communities, rangers who help to patrol
and enforce regulations, and emergency responders who help to rescue dolphins.

An engagement plan is needed that identifies the collaboration goal, and how and when
each stakeholder or stakeholder group will be engaged.

For those situations where there is a potential infrastructure project, or other activities that
could negatively or positively impact river dolphins and/or their environment, and/or
stakeholders, the WB’s Environmental and Social Framework (ESF) should be implemented
as part of this Protocol. The ESF includes Environmental and Social Standard (ESS) 10,
“Stakeholder Engagement and Information Disclosure; Stakeholder Engagement Plan and
Stakeholder Engagement Framework”. This recognises “the importance of open and
transparent engagement between the Borrower and project stakeholders”. ESS108 can be
found here. Stakeholders should be engaged throughout the life of the project, with the
communication and consultation on significant changes, and on potential risks and impacts.
There should also be a clear grievance procedure.

Stakeholders should include:

e government agencies; both those tendering and those who are a stakeholder in the
outcome, including, but not limited to, those related to socio-economics, biodiversity
and habitat conservation, waterways, irrigation, power, and shipping;

e the consultants preparing the Terms of Reference for the tendering government
agencies;

e consultants carrying out the ESIA and preparing the ESMP;

e project proponents and contractors who are tendering bids and who need to
implement the ESMP;

e all financial institutions potentially providing financing;

8 https://documents1.worldbank.org/curated/en/910131581016525682/pdf/Stakeholder-Engagement-
Plan-SEP-Africa-Environmental-Health-and-Pollution-Management-Program-P167788.pdf
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local communities;

relevant NGOs and CSOs;

universities and scientists;

private sector organisations/businesses who have an interest stake, or who may
need to make adjustments in their operations.

In addition to stakeholder consultation, an expert advisory group should be set up
throughout the project cycle and beyond that consists of key representatives from the above
set of stakeholders. Given the level of expertise required to implement the Protocol, the
advisory group should also include experts with in-depth knowledge relevant to conserving
river dolphins, leveraging:

specialists in the data gathering and analysis techniques described in this Protocol,
biologists, hydrologists, limnologists, ichthyologists;

the IUCN'’s Cetaceans Specialist Group;

the Joint Noise Working Group; an advisory group to the Convention on Migratory
Species to ensure progress is being made towards mitigating the negative impact of
underwater noise on cetaceans.

Such a group can:

provide advice and guidance on the feasibility and implementation of activities to
ensure they are dolphin-sensitive;

support the planning and implementation of the Protocol, including providing training;
provide guidance on the implementation of the ESMP and site specific action plans;
review initial and ongoing monitoring results and make associated recommendations.
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Implementation and progression of the
Protocol

This Protocol provides comprehensive methods for the assessment of river dolphin
populations and habitats, for identifying conservation strategies that should be adopted
to conserve the habitat, and to implement emergency response procedures and a
mortality monitoring network. These aspects should be integrated into the ESMP and
site management plans to ensure the progression of the Protocol.

Leveraging and building expertise and sufficient capacity within the region is also key.
There are some highly technical aspects covered in this Protocol, many of which require
specialised skills and capacity building e.g., data analysis, habitat modelling,
necropsies. Also, some skills require practice to generate reliable data e.g. group size
estimation of Ganges river dolphins, field data collection skills etc.

There is a need to develop a comprehensive implementation plan for the Protocol for
WB-funded projects and the overall river basin. This should consider existing data as
well as current limitations in, and sources of, expertise and resources. Activities that are
planned or underway as part of the national governments’ Species Action Plans should
also be considered and integrated. It is recommended to develop a skills development
and implementation plan using one of the WB project areas as a case study e.g. the
Jamuna River Sustainable Management Project, and then build on that to create a skills
development and implementation plan for the river basin. It is also recommended to
develop a core implementation team to help ensure consistency of approach.

Whilst the implementation plan is beyond the scope of this Protocol, the following
components are recommended:

Project area delineation: As the first step it is important to have clearly delineated
areas of the nine existing World Bank supported projects in the GBM river basin, and to
ideally include other projects in the basin that are not WB-funded. In addition to
delineating the area, the timeline for initiation and implementation of each project is
important, as this will help with prioritising the river sections for the implementation of
this Protocol. The delineated areas should be made available in the form of GIS maps to
help the teams planning the studies under this Protocol (population and/or habitat
assessment).

Training and skills enhancement: It is important to develop extensive capacity
building programmes for researchers and other relevant stakeholders in the GBM river
basin. For WB-financed projects, training is needed for the relevant Program
Implementation Units; the entire team should be involved in survey design and planning.
These capacity building programmes should include hands-on training exercises,
processing of raw data, and statistical analysis (as referred to in section 2.5).

Separate training / skills development programmes are needed for both population and
habitat assessments, and should be planned by engaging the relevant experts and
stakeholders. The Expert Advisory Group described in section 6 should be leveraged to
build and support this capacity.

There is also a need to conduct a training and equipment needs assessment, and
budgets should be allocated for equipment suggested by the Protocol, to support the
field operations.
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Emergency response/rescue procedure: It is recommended to develop and
implement a standardised dolphin rescue procedure to respond to emergencies such as
dolphins that are stranded in the irrigation canals or in small disconnected pools within a
riverbed, or to respond to injuries (gillnets, vessel strikes etc). There are numerous
existing process documents that can be leveraged. However, it is recommended that
one consolidated standard procedure is developed that brings the expertise of
Platanista together, and which includes dolphin rescue and translocation, response to
river dolphin injuries, disentanglement of dolphins, formulating a team of first
responders, emergency numbers etc.

Health assessment and necropsies: The Protocol introduces health assessment
aspects and the value of sample collection from dolphins. However, cetacean medicine
and veterinary support is another area that requires capacity building. There are a few
ongoing initiatives in Asia to build this capacity and it is recommended that a thorough
plan is developed by engaging existing expertise within the region, for example the
Chinese Academy of Science, and outside the region, for example, the National Marine
Mammal Foundation. It will be a major benefit to discuss and integrate this into the
respective national conservation plans, with support from the World Bank.

Sustainable fishing practices: The Protocol provides various suggestions on the
protection of the critical habitats of the Ganges river dolphins and integrating that
protection into the NBSAPSs. It is also important that there are implemented actions for
the preservation of the ecosystem as a whole through sustainable fishing practices and
regulating fisheries. Whilst these actions are beyond the scope of this Protocol, they
should be included in the progression plan.
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9. Annexures

Annex 1: Provisional equipment list for Ganges river
dolphin population abundance survey

1.
2
3
4
5.
6
7
8
9

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

12-volt batteries to power depth sounder GPS
Cameras & charging, download equipment
Clipboards

Computers & power cables

Datasheets

External hard drives for data backup

Folders for storing completed datasheets
GPS Depth sounder

GPS download cable

In-situ water physiochemical monitoring instrument
Laminated satellite maps of river

Laser range-finder binoculars

Life buoy

Life jackets

Marine binoculars with internal compass
Medical kit

Pencils

Polaroid sunglasses and hats

Portable Generator or solar panels

Power inverter

Rope and anchor for Boat bow line x 3 x 20m
Stopwatch

Tablet with app loaded (if using)
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Annex 2. Example data recording forms

A2.1 GANGES RIVER DOLPHIN SIGHTING FORM

1. Dolphin Detection Location 2. Dolphin Exact Location 3. Group Size

Type of | Time Dolphin Compass | Odom .
#. Effort (HH: GPS Latitude Longitude distance | Bearingto | eter Time GPS Latitude | Longitude D(en;:]))th \Ilqv:\é?hr \c/:;l

Tiois | mmy | WyPnt (m) Dolphin | (m) Wypt

10

11

12
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Short Description of Dolphin Sighting Form Columns

Column Header

Data to be completed

#

Sighting number within the day. Begin at 1 and increase consecutively. Each day, start again from 1.

Dolphin Detection Location

When a dolphin is sighted by one of the observers, all 9 columns of the datasheet in this section must be
populated as quickly as possible to document the location and conditions at the time of detection.

Dolphin Exact Location

Data is recorded in the 6 columns in the ‘exact location’ section of the form when either the boat passes
through the centre of the dolphin group, or when the dolphin group is perpendicular to the vessel to one side.

Type of Effort: T/D/S

T = Tandem Effort, D = Double platform Effort, S = Single boat Effort

Time

Local Time including HH:MM

GPS Wypnt

Number of Waypoint stored into GPS memory.

Latitude / Longitude
(decimal degrees)

Latitude and Longitude of Waypoint stored into GPS memory.

Dolphin distance (m)

Estimated distance from the observer to the dolphin detection in metres.

Compass bearing to dolphin
(degrees)

Compass bearing to dolphin recorded via binoculars with internal compass.

Odometer (km)

Distance the boat has travelled during that day’s survey at that point. Each day the odometer starts at zero
and counts upwards as the survey proceeds.

Depth (m)

Depth of river at dolphin sighting recorded from GPS linked depth sounder.

River width (m)

River width at exact location of dolphin sighting recorded either using laser range finders or estimated by
eye.

B-H-L B - The best estimate of the number of dolphins in a group including calves. H - L the highest and the lowest
possible number of dolphins in the group including calves.
Calves Number of calves estimated to be in the group.
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A2.2 GANGES RIVER DOLPHIN SURVEY - EFFORT LOG FORM

Date: Team: Sheet  of
. . . Boat Odometer . Rain/ Left Bank :
Event | Wypnt | Time Latitude Longitude Speed (km) Wind Glare Fog Observers (m) Right Bank (m)
LIM|R
Wind 0=Glassy; 1=ripples; 2=wavelets; 3=waves & occasional white crests; 4=waves frequent white crests 5=waves with large white crests
Event BDE=Begin Double Platform Effort, EDE=End Double Platform Effort, BT=Begin Tandem Effort; ET=End Tandem Effort; BS=Begin Single Boat Effort,

ES=End Single Boat Effort, OC=Rotate Observers;

EC=Change Environmental Conditions
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Short Description of Dolphin Effort Form Columns

Column Header

Data to be completed

Event BDE=Begin Double Platform Effort, EDE=End Double Platform Effort, BT=Begin Tandem Effort; ET=End
Tandem Effort; BS=Begin Single Boat Effort, ES=End Single Boat Effort, OC=Rotate Observers;
EC=Change Environmental Conditions.

Waypoint Number of Waypoint stored into GPS memory.

Time Local Time including HH:MM.

Latitude / Longitude
(decimal degrees)

Latitude and Longitude of Waypoint stored into GPS memory.

Boat Speed (km/hr)

Recorded from GPS.

Odometer (km)

Distance the boat has travelled during that day's survey at that point. Each day the odometer starts at zero
and counts upwards as the survey proceeds.

Wind 0=Glassy; 1l=ripples; 2=wavelets; 3=waves & occasional white crests; 4=waves frequent white crests
5=waves with large white crests

Glare 0 = no effect on dolphin sightability 1=small effect on dolphin sightability 2=large effect on dolphin
sightability.

Rain/Fog 0 = no effect on dolphin sightability 1=small effect on dolphin sightability 2=large effect on dolphin

sightability.

Observers L/IM/R

Initials of the forward facing observer team members.

River width (m)

River width at exact location of dolphin sighting recorded either using laser range finders or estimated by
eye. Estimated to the right bank and to the left bank. Summing these values will give total river width
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A2.3 HUMAN ACTIVITIES THREAT LOG (requires adaptation for each river)

Date: Sheet no. of
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Annex 3: Decision tree for selecting the most appropriate methodology to estimate
abundance for any river dolphin species

STEP ONE

STEP TWO

STEP THREE

Can high quality, full-frame

photographs of all individual

dolphins in most groups be
reliably obtained ?

-

Are there unique marks,
scars, or other distinct
features visible in photos
that allowindividual dolphins
to be reliablyidentified?

-

Are the visible and unique
marks permanent and
change little overtime?

-

conduct at least three surveys
of the study population or
river?

-

Is there funding or plans to ‘ '

o
X

A

Is it possible for the boat to
navigate the river along a pre-

Batimd ral

Y B!

arelativel

distance from the bank, orin a
zig zag pattern across the
river?

Are there boats available that
are large enough to allowtwo
separate visual survey teams
to operate completely
independently?

-

Is the river consistently deep
enough that a large boat with
two independent teams can
navigate safely through the
entire study area?

Are there sufficient funds to
cover the cost of a large
double platform boat, and
engaging two trained
independent visual teams?
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STEP FOUR

STEP FIVE

Are there sufficient funds
to cover the cost of

Are funds available to purchase

T two

r g equIf 2

Is the river wider than 1.5km most
of the time?

boats,“and i two
independent visual survey

teams?

Is the study area safe
enough for two
independent survey boats
to operatein tandem?

Is the boat organized in such a way
that acoustic equipment can be
deployed safely?

Is it possible to sail boats along
both sides of the wide river
channel?

Is the river free from hazards or
debris that would snag towed
acoustic recorders?

Are there experienced personnel

Sable o

analysis?

l

Is the river highly braided, with
many side channels and braids?

Is there sufficient time to di
the acoustic analysis or arethe

results needed quickly?

-

Is it possible to sail boats along
the side channels and braids?




Annex 4: Provisional equipment list for Ganges river dolphin habitat
assessment

1. Boat (anchor and other essentials for boat operation) CJ
2. Clipboards O
3. Current meter or ADCP CJ
4. Drone (if applicable) with at least 30 minutes flight capacity O
5. GIS software for image processing e.g. ArcGIS or QGIS CJ
6. GPS O
7. GPS depth sounder J
8. Laptop and cables (with extra batteries) CJ
9. Measuring tape CJ
10. Paper datasheets or Tablet with data collection app for recording data OJ
11. Pencils O
12. Range finder J
13. Safety equipment including first aid kit and life jackets UJ
14. Satellite images (resolution 20m or less) UJ
15. Tagline / rope UJ
16. Topographical maps J
17. Water sampler collector/bottles for water sample UJ
18. Water survey equipment (pH meter, thermometer, Secchi desk, Turbidity meter), handheld water quality

monitoring device (e.g. the YSI Pro DSS) O
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Annex 5: Standardised necropsy form (8 pages)

Name of Person Completing this Form:

GANGES RIVER DOLPHIN MORTALITY INVESTIGATION PROTOCOL

DOLPHIN ID REFERENCE NUMBER

DATE AND TIME EXAMINED

DATE AND TIME FIRST REPORTED DEAD

DATE AND TIME FIRST REPORTED DEAD

DATE AND TIME CARCASS COLLECTED

GPS COORDINATES (UTM OR HTTPS://WHAT3WORDS.COM/)

ANY FISHING OBSERVED NEARBY. IF SO, WHAT TYPE?

ANY OBSERVATIONS OF INTERACTIONS WITH OTHER ANIMALS, ANY OTHER
DEAD ANIMALS NEARBY?

STAGE 1: SAMPLES TO TAKE AS SOON AS FOUND BEFORE FREEZING

EQUIPMENT NEEDED

Phone/IPAD or digital camera
3M measuring tape

15cm ruler

&
-

Determine sex of animal: Waterproof, permanent marker

Estimate age class (newborn/older calf/juvenile: Pencil

Weight of animal (kg): Box of nitrile gloves

Measure length of animal (cm): Plastic aprons

Measure girth of animal in front of dorsal fin (cm):

Measure girth of animal behind pectoral fin (cm):

Measure blubber thickness at 3 locations on girth (cm): A B C

Photograph whole animal, both sides, and in detail
Record any linear marks, bruising on the skin, and photograph (draw on diagram of body)

Collect two 3cm cubes of skin, blubber and muscle in aluminium foil, place one in plastic bag and
freeze -20C. If possible put one in formalin.
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Name of Person Completing this Form:

Skin
Blubber

Muscle
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Name of Person Completing this Form:

Draw Any Skin Markings

Right lateral

Left lateral

Dorsal
— e —_—
<
M %m:ral
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Name of Person Completing this Form:

STAGE 2: SHIPPING

ONCE THE ANIMAL HAS BEEN MEASURED AND PHOTOGRAPHED, PLACE IT IN A BAG AND KEEP COOL. WHERE
POSSIBLE USE ICE OR ICEPACKS AROUND THE CARCASS, KEEP IT OUT OF SUN

THE SHIPPING TIME IS CRITICAL- THE FASTER THE ANIMAL IS CHILLED OR FROZEN THE BETTER THE RESULTS WILL BE.

STAGE 3: SAMPLING AFTER THAWING CHILLED OR FROZEN CARCASS (OR FRESH IF POSSIBLE)

EXTERNAL EXAM: TICK THE ITEM AT : WHEN COMPLETED

» Record and take photographs of whole body, put animal ID in each photo

= Look for evidence of bruising. Make a cut through any bruising and photograph blubber and muscle in
cut section

» Put section of bruised or marked skin, blubber and underlying muscle in formalin
« Photographs taken:

Skin

All lesions, marks

Dorsal fin

Peduncle

» Take a sample of skin into a plastic bag, freeze

» Take a sample of skin, place in vial with 70 % alcohol

» Take a sample of skin, place in vial with DMSO for epigenetics

INTERNAL EXAMINATION: TICK WHEN COMPLTETED AND CIRCLE BEST DESCRIPTION OF TISSUES/ORGANS

» Place carcass on right side, remove skin and blubber from left side

Photograph whole view

Photograph umbilicus, urachus

Describe umbilicus (healed, stump present, dried cord, fresh soft cord, any pus)

Note any free blood under skin

Any bruising or oedema

Any fractured bones

Remove left flipper with scapula. Open rib cage to expose thoracic organs

Collect piece of umbilicus into formalin

RESPIRATORY SYSTEM:

= Photograph internal ribcage. Record and photograph any fractures to ribs or vertebrae.
* IDENTIFY LYMPH NODES

* Remove larynx, lungs, trachea (pluck)
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Name of Person Completing this Form:

Photograph lungs, blowhole, mouth, trachea, ‘goosebeak’ and trachea

Make a 20cm incision into the lung tissue and photograph both sides

Describe lungs: congested/hemorrhages/abscesses/fluid in airways

Place two 3cms cubes of lung tissue, one from each lung, into formalin for histology

Place two 3cms cubes of lung tissue, one from each lung into plastic bag to freeze for
microbiology

Place any lymph nodes half in formalin, half in plastic bag to freeze

Lymph node half in formalin

Lymph node half in bag to freeze

CARDIOVASCULAR SYSTEM:

Remove heart
Note and photograph any bruising or small blood spots (petechiation) in the tissue

Place a 3 cm cube of heart into formalin for histology

ALIMENTARY/ GASTROINTESTINAL TRACT

Any haemorrhage into abdomen? Photograph and describe

Any cuts or ruptures in liver? Photograph and describe

Note colour and texture of liver. Does it feel ‘greasy *

Remove oesophagus, stomach and intestines. Photograph intestinal mesentery

Open stomach with scissors. Record and photograph contents, any milk?

Open colon, rectum- look for faecal material, photograph and describe (Pasty green/ red/milky/
fish bones)

Describe and collect any parasites
Place entire stomach, intestines in a plastic bag. Store freeze at -20’C
Stomach and intestines in bag to freeze

Collect atwo 2cm cubes tissue samples of liver, spleen, kidney, adrenal and place one of each in
formalin, one in plastic bag for freezing

Liver in formalin

Liver in plastic bag to freeze

Spleen in formalin

Spleen in plastic bag to freeze

Kidney in formalin

Kidney in plastic bag to freeze

Adrenal in formalin
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Name of Person Completing this Form:

UROGENITAL SYSTEM:

* Remove testes (male )/ ovaries and uterus (female) Photograph both gonads

» Open bladder. Record presence of urine and colour

HEAD

« Examine the skull photograph any fractures

* Open the skull, note any haemorrhage on brain

= Describe teeth, and photograph

» Collect 5 teeth into a plastic bag or vial

e Teeth collected

NOTE AND PHOTOGRAPH ANY OTHER OBSERVATIONS.

PRELIMINARY DIAGNOSIS / CAUSE OF DEATH:
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Name of Person Completing this Form:

Additional morphometrics if experienced personnel available:

1

12

1. Overall Length o 13. Girth at Axilla o
2. Rostrum Tip to Eye —n 14. Girth at Dorsal Fin e
3. Rostrum Length o 15. Girth at Anus o
4. Rostrum Tip to Mouth o 16. Pectoral Insertion to Tip o
5. Rostrum Tip to Ear o 17. Pectoral Axilla to Tip o
6. Eye to Ear o 18. Pectoral Width o
7. Rostrum Tip to Blowhole o 19. Dorsal Height o
8. Rostrum Tip to Pectoral Insertion 20. Dorsal Length el
9. Rostrum Tip to Dorsal Fin Tip o 21. Fluke Width o
10. Rostrum Tip to Umbilicus o 22. Fluke Width (Insertion to Central

11. Rostrum Tip to Middle Genital Slit Groove)

12. Rostrum Tip to Anus
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Name of Person Completing this Form:

SUMMARY OF SAMPLES COLLECTED:

Formalin tissues: O  Any abnormal lesions, lumps Sample Storage
Supplies Needed

O Skin
O Blubber
o -20°C Freezer
O Muscle .
o Formalin
O Lung 0 Plastic jars for tissue
O Heart storage
. o Aluminium Foll
O Liver
o Plastic bags storage bags
O Uterus
o Cryovials
O Ovaries (1/2) ) .
o DMSO vials for genetics
O Adrenal gland

O Kidney
O Spleen

O Lymph Nodes

Toxicology: O Blubber (D)
(Aluminium foil inside
. O Muscle

plastic bags)

O Skin
Microbiology : (Frozen O Spleen
in plastic bag)

O Lung

O Lymph node
O Spleen

O Anything abnormal

Stomach contents: O |If present place in plastic and freeze
Teeth : O Number of teeth collected:
Genetics: (in alcohol) O Skin

Skeleton or skull: i
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