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Abstract  

 

Pollination is a key ecosystem service and vital step in the reproduction of most angiosperms. 

Therefore, the endangerment and extinction of pollinator species collapse the complex ecological 

networks and hence threaten both agriculture and biodiversity. A large proportion of the human 

diet depends directly or indirectly on animal pollination. Both invertebrates and vertebrates 

pollinate a variety of angiosperms. While much research has been focused on insect pollinators, 

the role of vertebrate pollinators is not as widely recognized. Vertebrates pollinate a variety of 

plants including economically important crop species in tropical countries and many of these 

plants are either completely or partially dependent on pollinators for fruit/seed production. 

Therefore, declining pollination services in these tropical cultivated goods may result in 

substantial losses in revenue. Here, my project investigates the extinction risk of global and 

Indian vertebrate pollinator species using the IUCN extinction risk assessment method. The 

potential pollinator species have been identified from various primary, peer-reviewed literature 

sources. I compiled a dataset consisting of 1,554 and 99 vertebrate pollinator species for the 

globe and India respectively. Additionally, the project explores the economic value of pollination 

services for Indian vertebrate pollinators. 

The results for the global extinction risk show asymmetric patterns of threat within the vertebrate 

groups. Globally, mammal pollinators were more highly threatened than the bird and reptile 

pollinators, though there were large-scale population declines experienced across all pollinator 

groups. The narrow ranged pollinators experienced large-scale threat and population decline 

relative to broad ranged pollinators. Hotspots of threat for vertebrate pollinators are shown in the 

Andes of South America, Madagascar, and south-eastern Australia. The interactive effect of body 

mass and body length and significant phylogenetic signal along with various external 

anthropogenic factors show the extinction risk in global pollinators are a combined effect of both 

intrinsic biological traits and extrinsic anthropogenic factors across multiple scales.  
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The extinction risk assessment for Indian pollinators show mammals are the only pollinator group 

threatened with extinction. But both bird and mammal pollinators face population decline, a 

similar trend reported for the global pollinators. Like global pollinators, the population decline is 

higher in narrow ranged pollinators than the broad ranged pollinators. Body size does not predict 

threat and population decline in Indian pollinators, a contradictory result to the global pattern. 

Absence of phylogenetic signal in threat and population decline show they are evolutionarily not 

predisposed to extinction. Like global pollinators, most Indian pollinators appear to be threatened 

by agriculture and biological activities. The value of vertebrate pollination services is estimated to 

be £2.85 million (₹28.2 crores) and the contribution of bird pollinators are higher than mammal 

pollinators. The study also highlights the beneficial role of bat pollinators to the Indian economy 

and biodiversity. Thus, it emphasizes the need for the Government of India to revoke the status 

of fruit bats as vermin and list them as protected in the Schedules of Indian Wildlife Protection 

Act, 1972. 
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1.1 Pollination 

Pollination is a fundamental ecological process, responsible for the functioning of most terrestrial 

ecosystems on Earth (Kearns et al., 1998; Ollerton et al., 2011; Lever et al., 2014). Pollination 

refers to the process whereby the pollen grains from the stamens of one flower are transferred to 

the stigma of another flower to fertilise them, allowing them to set fruit/seed. Plants achieve 

pollen transfer among conspecifics using a range of biotic and abiotic pollen vectors, which 

ultimately play a key role in their reproductive success (Rech et al., 2016). Different modes of 

pollination have evolved in nature. Wind pollination occurs in about 20% of angiosperm families, 

and in most groups of gymnosperms (Ackerman, 2000; Rech et al., 2016), and an estimated 12% 

of all angiosperm species are wind pollinated (Ollerton et al., 2011). In temperate regions, up to 

80% of plant species within a community are animal pollinated, but in the tropics, this increases 

to more than 90% (Whitehead, 1969; Regal, 1982; Ollerton et al., 2011). Therefore, the role that 

animal pollinators play as agents of plant pollination is a key mechanistic factor behind both the 

distribution and persistence of natural ecosystems globally. Thus, highlighting the importance of 

developing research programmes focused on the biology of these species. 

1.2 History of pollination studies 

The historical world was certainly familiar with plant and animal interactions, specifically insects 

and flowers, and the importance of pollination if they want to set fruit. The idea that plant 

reproduction, and stamens are the male organs of the flower developed independently in minds 

of various botanists at the end of 17th century (Proctor et al., 1996).  

The 18th century witnessed the development of understanding of animal pollination, particularly 

insects. The field of pollination biology started to grow with small-scale experiments and 

systematic observations about floral biology, plant reproduction, pollen deposition and the 

movement of pollen grains with the help of microscopes. Kolreuter (1733-1806) found the 
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necessity of insects for successful pollination in many plants. Christian Konrad Sprengel (1750-

1816) systematically observed flowers and insect pollination, including adaptations of flowers to 

insect pollination, such as nectar and honey guides on flowers (Proctor et al., 1996). Thus, in the 

middle of the 18th century a large amount of scattered information on pollination was rapidly 

growing. 

The next important contribution to the field came from Charles Darwin (1809-1882). In the 19th 

century, Darwin contributed to the knowledge about the importance of insect pollination to set 

seed (Proctor et al., 1996). His studies attracted others and increased the interest in pollination 

biology and animal and plant relationship studies. Hence, the following decades are known as 

the classical period of pollination biology during which the pollination mechanisms and insect 

visitors of European and North American flowers were collected (Proctor et al., 1996). During the 

19th century, pollination studies focused on particular locations or groups of plants. 

 In the 20th century, experimental and laboratory studies dominated. However, for the major 

advances in the understanding of pollination had to wait for the development of ecology and the 

study of animal behaviour (Proctor et al., 1996). Later, the most significant observations in 

pollination biology came from outside Europe, and the importance of birds as pollinators was not 

fully appreciated until the 20th century (Porsch, 1924). Identification of the significance of bats as 

pollinators in the tropical countries came to prominence even more recently (Proctor et al., 1996). 

Pollination biology and ecology is a rapidly advancing field. It has contributed major insights into 

the way plant populations function and has provided a much deeper understanding of how plants 

have evolved (Ollerton, 2017; Serrano-Serrano et al., 2017). It has also influenced our views on 

the evolution of pollinators, and has played a major part in developing current ecological and 

evolutionary theories (Grant and Grant, 1965; Johnson and Steiner, 2000; Faegri and Van Der 

Pijl, 2013). Further, it focusses on multiple domains like agriculture, pollination syndromes, 

pollination networks, importance of native and introduced pollinators, pollination efficiency, 
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pollination and restoration, colour senses and responses of pollinators and so on. These broader 

implications have given pollination studies a unique position in ecology. 

Pollination studies have traditionally employed a microecological approach whereby questions 

are addressed using experimental analyses of one or a few closely related plant or pollinator 

species, or the relationships among different pollination types. Often, such studies focus on either 

a few species within a lineage, or specific groups of plants such as trees and shrubs generally at 

small spatial scales (for example, Kevan, 1972; Regal, 1982; Traveset and Sáez, 1997; Medan 

and Montaldo, 2005; Makrodimos et al., 2008; Ortega-Olivencia, 2011; Gomes et al., 2014). 

Some studies investigated biogeographic trends or relationships between specific pollination 

types and environmental parameters, such as temperature, rainfall, altitude and wind (Arroyo et 

al., 1982; Kühn et al., 2006; González et al., 2009). Thus, the earlier prevailing trend in pollination 

studies were basically small-scale and aimed to understand the basic mechanisms of pollination. 

Among them, many studies have given special attention to insect pollinators as this may due to 

their vast diversity and relevance as pollinators of the world’s main agricultural crops. 

However, studies regarding the beneficial role of vertebrate pollination had not received much 

attention until very recently. Instead, most studies focussed on insect pollination, especially 

honeybees (Apis mellifera) because of their importance in the pollination of many agricultural 

crops (Garibaldi et al., 2013; Breeze et al., 2014; Geslin et al., 2017; Stein et al., 2017; Catarino 

et al., 2019; Perrot et al., 2019). The importance of vertebrate pollinators is under-appreciated 

despite their ability to pollinate a wide variety of commercial and wild plants (Fujita and Tuttle, 

1991; Allen-Wardell et al., 1998; Ghazoul, 2005; Ratto et al., 2018). Therefore, there is an urgent 

need to document and understand the biodiversity of this group of pollinators for proper 

conservation practice. 
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1.3 The macroecology of pollination 

Macroecology is a rapidly growing field in ecology (Smith et al., 2008). It focuses on the analysis 

of ecological patterns and processes at large spatial, temporal, and phylogenetic scales (Brown 

and Maurer, 1989; Brown, 1995; Maurer, 1999; Gaston and Blackburn, 2000; Smith et al., 2008). 

Therefore, macroecology is a ‘big-picture approach’ to study ecology, profiting from the 

emergence of big-data and advances in bioinformatics that facilitate collection, storage, 

management, and analysis of vast volumes of data. 

There are number of benefits of studying pollination using macroecological methods, as it helps 

to obtain an overall picture about: 1) the distributional patterns of pollinator biodiversity across 

various groups (for example, birds, mammals, insects, endemic species, widespread species, 

threatened species, population trends), 2) the areas where pollinators are present or absent, and 

their relative abundance through space (i.e., the hotspots of pollinator biodiversity), 3) the 

underlying environmental factors behind pollinator biodiversity, 4) the future distributional 

patterns, and 5) the congruence of pollinator biodiversity with general species biodiversity (birds, 

mammals, reptiles, fishes, plants and respectively). This valuable information could inform 

planning for conservation priority areas to ensure current and future hotspots of pollinator 

diversity are covered. 

1.4 The importance of vertebrate pollinators  

The influence of pollinators across nature is remarkable. The existence of ecosystems globally 

depends on the coevolutionary interactions between plants and their pollinators. Indeed, a large 

proportion of the human diet depends directly or indirectly on animal pollination. In terms of 

global production, 35% of food comes from pollinator-dependent crops (Klein et al., 2007). For 

example, 87 crops out of 124 main crops are pollinator dependent and directly used for human 

consumption. Whilst many staples are wind pollinated (examples wheat, rice, corn, sorghum, 

millet). The pollinator dependent crops include fruits, nuts and seeds, such as Helianthus annuus 
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(sunflower), Lycopersicon esculentum (tomato), Citrullus lanatus (watermelon), Cucurbita 

maxima (pumpkin), Passiflora edulis (passion fruit), Annona squamosa (custard apple) (Klein et 

al., 2007). These effects result from the widespread distribution and diversity of pollinator species 

around the planet’s surface. Both invertebrates and vertebrates pollinate a variety of 

angiosperms and play a crucial role in the long-term maintenance of biodiversity and natural 

ecosystems (Proctor et al., 1996). While much scholarly attention has been focused on insect 

pollinators, the role or importance of vertebrate pollinators is not as widely recognized. 

Birds pollinate 52 of the 960 cultivated plants (Nabhan and Buchmann, 1997) and typically 

pollinate 5% of a region’s flora or 10% of flora if that region is an island (Anderson, 2003; Kato 

and Kawakita, 2004; Bernardello et al., 2006). Approximately 528 plant species worldwide are 

pollinated by bats (Kunz et al., 2011). Non-flying mammals are also known to pollinate at least 85 

species of plants worldwide (Carthew and Goldingay, 1997). Several vertebrate pollinators are 

involved in the pollination of wide variety of economically and ecologically important plants in 

tropical and subtropical regions (Law and Lean, 1999; Yumoto, 2000; Ollerton et al., 2011; Maas 

et al., 2013). Vertebrates are essential for the reproduction of some economically important crop 

species such as dragon fruit (Hylocereus undatus, Hylocereus monacanthus and Hylocereus 

megalanthus: Ortiz-Hernandez and Carillo-Salazar, 2012), durian and beans (Durio zibethinus, 

Parkia speciosa and Parkia timoriana: Bumrungsri et al., 2008, 2009), feijoa (Feijoa sellowiana: 

Vogel et al., 1984; Stewart and Craig, 1989), agave and columnar cacti (Agave tequilana, 

Carnegiea gigantea and Stenocereus thurbei: Kunz et al., 2011) among others. Ratto et al. 

(2018) show reduced fruit and/or seed production (46 and 83%) in plants when they removed 

bird and bat pollinators from the analysis. Therefore, declining vertebrate pollinator biodiversity 

cause serious ecological and pollination services problems in the tropical cultivated goods that 

may result in substantial losses in revenue particularly in low-income countries. 
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1.5 Diversity of vertebrate pollinators 

Among vertebrates, the predominant pollinator groups are birds and mammals, with the major 

bird pollinator groups being hummingbirds (Trochilidae), American orioles (Icteridae), 

honeycreepers (Thraupidae) and Hawaiian honeycreepers (Fringillidae) (North and South 

America, Hawaiian Islands; Grant and Grant, 1968), sunbirds (Nectariniidae), white-eyes 

(Zosteropidae), sugar-birds (Promeropidae) (Africa and Asia), and honeyeaters (Meliphagidae) 

(Australia, New Zealand and Hawaii). The major mammal pollinator groups are bats 

(Pteropodidae and Phyllostomidae), rodents (Muridae), marsupials (Dasyuridae) and primates 

(Cercopithecidae) of Africa, Asia, Australia, and Central and South America (Koopman, 1970; 

Pierson and Rainey, 1992; Carthew and Goldingay, 1997). Reptile pollinators are mostly 

restricted to various islands across the world (for example, New Zealand, the Mascarenes, 

Balearic, and Madeira islands) and it considers rare in the continents (Traveset and Sáez, 1997; 

Olesen and Valido, 2003). But it has been recorded in the continental rocky and xeric 

environments of Brazil and South Africa (Gomes et al., 2014; Cozien et al., 2019). 

Geographically, vertebrate pollinators are not as widely distributed as invertebrate pollinators and 

tend to be restricted to the tropical and subtropical regions of world. Vertebrate pollination is 

relatively sparse in the temperate regions of the world, but birds and rodents are an important 

group of pollinators in the temperate regions of Australia (Rourke and Wiens, 1977; Ford et al., 

1979), South Africa (Baker and Oliver, 1967; Rourke and Wiens, 1977), North and South 

America (Grant and Grant, 1968) and New Zealand (Clout and Hay, 1989). Vertebrate pollination 

is rare in Europe and temperate Asia, but reptile pollination in Balearic Islands (Traveset et al., 

2009), and bird pollination in Mediterranean Europe (Ortega-Olivencia et al., 2005) and 

temperate Japan (Funamoto and Sugiura, 2017) have been documented. 
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1.6 The current biodiversity crisis 

1.6.1 Human impacts 

The interference of humanity on biodiversity started ever since humans began to rapidly radiate 

and settle across most ecosystems and regions on Earth (Johnson et al., 2017). As humans 

expanded beyond the boundary of Africa, the disappearance of diversity continued (Surovell et 

al., 2005). The loss of biodiversity affects the functioning of natural ecosystems and, hence, 

threatens human well-being (Dirzo and Raven, 2003; Ceballos et al., 2010; Barnosky et al., 2011; 

Mace et al., 2005, 2012; Johnson et al., 2017). The current biodiversity crisis is the result of the 

long-term impact of human activities on global ecosystems.  

The prehistoric biodiversity losses are mainly related to human encroachment or arrival rather 

than climate change (Steadman, 2006; Bartlett et al., 2016). It occurred mainly due to hunting 

(Malhi et al., 2016), but in some places, habitat modification (McWethy et al., 2014; Burns et al., 

2016), and predation by alien species were additional factors (Johnson et al., 2017). For 

example, around 1000 bird species, around 10% of all birds, might have gone extinct during 

prehistoric occupation of the Pacific Islands (Duncan et al., 2013). In New Zealand, since the 

arrival of Polynesians and Europeans around 750 years ago, 44 of the 117 (36%) original 

terrestrial bird species have gone extinct (Johnson et al., 2017). 

However, the present biodiversity loss is a continuation of the past, and both biodiversity and its 

change are not uniformly distributed across the world (Pianka, 1966; Rosenzweig, 1995). 

Different regions of the world experience different trends in biodiversity change (Blowes et al., 

2019). The rate of biodiversity change is higher in marine than terrestrial environments (Dudgeon 

et al., 2006). But terrestrial biodiversity experiences greater biodiversity declines relative to 

freshwater biodiversity (Hallmann et al., 2017; Baranov et al., 2020). The tropics, which harbour 

the world’s most biodiversity, are highly threatened (Basset et al., 2012; Barlow et al., 2018; 

Franco et al., 2019). Indeed, studies suggest future biodiversity loss, population growth and 

economic development could cause unprecedented levels of extinction risk to numerous species 
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worldwide, particularly in tropical Africa, Asia and South America (McKee et al., 2004; Visconti et 

al., 2011, 2016; Betts et al., 2017; Tilman et al., 2017). 

The loss of biodiversity is a serious environmental concern (Betts et al., 2017), with loss of 

species richness and the ecosystem functions which they provide (Vaughn, 2010), but it also 

includes decline in the abundance of common species and shifts in species dominance patterns 

(Hooper et al., 2005). Agricultural expansion, habitat loss, developmental activities, disease, 

pollution, overexploitation, invasive species and climate change are the major causes of current 

biodiversity losses across the globe (Thomas et al., 2004; Allan et al., 2005; Vaughn, 2010; 

Newbold et al., 2015; Maxwell et al., 2016; Barlow et al., 2018; Habel et al., 2019; Scheele et al., 

2019). These altogether threaten 25% of all mammal species, 14% of all bird species and 41% of 

all amphibians, as well as more than 30,000 (species assessed 112,432) other species of plants 

and animals with extinction (IUCN, 2020). 

1.6.2 Agriculture  

Land-use change reduces biodiversity worldwide (Newbold et al., 2015; Tilman et al., 2017). 

Global agriculture feeds over 7 billion people, but it causes multiple types of environmental 

problems. Agricultural activity transformed almost 40% of the Earth’s land surface (Clark and 

Tilman, 2017), causes deforestation and habitat fragmentation (Ramankutty and Foley, 1999; 

Erdmann, 2003) and accounts for more than 70% of freshwater withdrawal (Molden, 2007). 

Therefore, it is the single largest contributor to biodiversity loss (Dudley and Alexander, 2017). 

Habitat loss and degradation directly threaten terrestrial species by decreasing the size of the 

area species can occupy, thus, fragmenting populations and species range into small isolated 

patches (Tilman et al., 2017), hence reducing their abundance (Ceballos and Ehrlich, 2002). 

Habitat loss by agriculture threatened around 80% of terrestrial bird and mammal species 

(Tilman et al., 2017). The rate of deforestation is higher in the tropics, particularly in low-income 

countries, however, the forest area in temperate regions has increased (Keenan et al., 2015). 

Additionally, developmental projects like dams, construction activities, biofuels, timber, wood for 
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fuel, grazing and fire cause deforestation (Hosonuma et al., 2012; Steffen et al., 2015; Barlow et 

al., 2018). 

Habitat loss is a major threat to pollinators (Brown and Paxton, 2009; Potts et al., 2010; Regan et 

al., 2015). Human activities such as habitat conversion and landscape homogenization disrupt 

plant-pollinator communities and pollination function (Kovács‐Hostyánszki et al., 2017). Studies 

have reported land-use for agriculture has threatened both pollinators and their services by 

fragmenting and degrading habitats (Bommarco et al., 2014; Regan et al., 2015; Senapathi et al., 

2015; Potts et al., 2016; Kovács‐Hostyánszki et al., 2017). Such land-use changes can reduce 

the connectivity of populations; it potentially reduces pollinator gene flow with long-term 

population implications and can alter the availability of floral and nesting resources to pollinators 

(Biesmeijer et al., 2006; Darvill et al., 2010; Scheper et al., 2014; Baude et al., 2016; Kovács‐

Hostyánszki et al., 2017). These often result in lower pollinator density or diversity and 

homogenize pollinator community structure (Kennedy et al., 2013; Senapathi et al., 2015). This 

leads to lower fruit set in pollinated plants (Aguilar et al., 2006; Kelly et al., 2010; Klein et al., 

2002, 2012; Clough et al., 2014), and particularly affects obligately outcrossing animal-pollinated 

plant populations as they depend completely on animal pollinators for pollen movement 

(Biesmeijer et al., 2006; Potts et al., 2010).  

Studies show that agricultural expansion has threatened many bird and mammal pollinators 

across the world (Hoffmann et al., 2010; Regan et al., 2015). Deforestation affects diversity and 

shifts the composition of the pollinator community (Borgella et al., 2001; Benning et al., 2002; 

Stouffer et al., 2006; Hadley et al., 2018; Morrison and Mendenhall, 2020; Torres-Vanegas et al., 

2021). The changes in the landscape can affect the movement of pollinators and thereby affect 

the reproduction of the plant species that they pollinate (Hadley and Betts, 2009; Torres-Vanegas 

et al., 2021). Borgella et al. (2001) show that hummingbirds are less affected by deforestation 

and fragmentation than insectivorous bird species, though, they report the interior forest 

hummingbird species abundance is lower in the fragmented than the contiguous forest areas. 
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1.6.3 Infectious disease 

Human activity is intensifying fungal disease dispersal by altering natural environments, with 

fungal diseases causing substantial declines in both animals and plants (Grünwald et al., 2008, 

Fisher et al., 2012; Scheele et al., 2019). In plants, for example, Dutch chestnut blight and 

sudden oak death syndrome were caused by fungi and late blight disease caused the Irish potato 

famine (Anderson et al., 2004; Fisher et al., 2012). In animals, important fungal pathogens 

include ‘white nose syndrome’ disease, which has caused mass mortality in bats (Blehert et al., 

2009) and the skin-infecting fungus, Batrachochytrium dendrobatidis, has infected more than 500 

species of amphibians in 54 countries in all the continents (Fisher et al., 2009; Scheele et al., 

2019). In some parts of central America, more than 40% of amphibian species have been lost 

(Crawford et al., 2010). They also affect decline in other diverse taxa such as soft corals (Kim 

and Harvell, 2004), honeybees (Cameron et al., 2011), and Tilapia fish (Andrew et al., 2008). 

Pollinators face a broad range of diseases from fungi, bacteria, virus, protozoa and metazoan 

parasites (Potts et al., 2010; Singh et al., 2010; Vanbergen and Initiative, 2013). Commercial 

management, mass breeding, transport and trade of pollinators outside their original range have 

increased the risk of disease, by increasing the rates of pathogen and parasite transmission to 

new pollinator hosts (Potts et al., 2016). Several pests and pathogens spread within and between 

populations of wild and managed pollinators (Singh et al., 2010; Cameron et al., 2011; Core et 

al., 2012; Vanbergen and Initiative, 2013; Fürst et al., 2014). Many honeybee (Apis mellifera) 

viruses can infect non-Apis wild bees and wild bee viruses may be able to infect honeybees 

(Eyer et al., 2009; Potts et al., 2010). Evidence shows that translocated species can promote the 

risk of pathogen spread (Stout and Morales, 2009). For example, the translocation of the western 

honeybee for crop pollination has resulted in a spread of pests and pathogens such as Varroa 

mite and deformed wing virus from A. mellifera to wild pollinators (Moritz et al., 2005; Fürst et al., 

2014; Wilfert et al., 2016). During 1990 in the United States, the parasitic mites have destroyed 

25-80% of managed honeybee colonies and almost all feral colonies (Sammataro et al., 2000). 
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The Colony Collapse Disorder destroyed 50-90% of honeybee colonies operated in the United 

States in 2007 (Cox-Foster et al., 2007). 

Disease and/or pathogens have been described in 44 species of hummingbird (Godoy et al., 

2014). Studies show the presence of virus such as West Nile virus, Venezuelan equine 

encephalitis virus and avian pox virus in various hummingbird species in parts of California, 

United States, and southern Mexico (Bleitz, 1957; Dickerman et al., 1972; California Department 

of Public Health, 2012; Godoy et al., 2014). The presence of West Nile virus prevalence in 

hummingbirds (Calypte anna, Calypte costae, Archilochus alexandri, Selasphorus rufus) ranged 

from 1.7 to 50% from 2003 to 2011 (California Department of Public Health, 2012; Godoy et al., 

2014). Due to avian pox virus, pox like lesions on bills, feet, legs, around eyes were reported in 

hummingbirds (Calypte anna) from 2004 to 2008 (Colwell, 2011). In all these cases the detailed 

pathological evaluations of infection and mortality in wild populations is unknown (Godoy et al., 

2014). Studies have reported the hummingbird’s vulnerability to bacterial and fungal infection. 

The avian bacteria (Chlamydia psittaci) caused 90% mortality in captive hummingbird species 

(Amazilia amazilia) colony (Meteyer et al., 1992) and the fungus (Aspergillus fumigatus) caused a 

massive die off in wild-caught Rufous hummingbirds (Selasphorus rufus) (Harvey-Clark, 1993). In 

natural ecosystems the infection of malaria in birds is generally not fatal but it can affect the 

fitness of the host (Palinauskas et al., 2009; Knowles et al., 2010; Sehgal et al., 2011). Malarial 

infection has the greatest impact on pollinator birds such as Hawaiian honeycreepers 

(Drepanidinae) on the Hawaiian Islands (Benning et al., 2002). Among the Hawaiian 

honeycreepers the ‘I’iwi (Drepanis coccinea) is highly susceptible to avian malaria with the 

highest rate of malaria mortality and is predicted to be on the verge of extinction in 2100 

(Atkinson et al., 1995; Samuel et al., 2015; Guillaumet et al., 2017).   

1.6.4 Pollution  

Pollution is another major threat to global biodiversity. The rapid intensification of farming 

practices and pressures from pests increases pesticide usage across the globe (Bebber et al., 
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2014; Lewis et al., 2016). Sediments and nutrients from land use change are the major drivers of 

biodiversity loss in freshwater and coastal systems, including coral reefs (Dudgeon et al., 2006; 

Altieri et al., 2017). An estimated 4.8 to 12.7 million metric tonnes of plastic waste enter the 

ocean from land in a single year (Jambeck et al., 2015). Every year 1.15 to 2.41 million tonnes of 

plastic waste enters the ocean from rivers, the top 20 polluting rivers, account for 67% of the 

global total, mostly located in Asia (Lebreton et al., 2017). Plastic waste can promote microbial 

colonization by hosting pathogens, hence, cause disease outbreaks in the ocean when plastics 

contact with coral reefs (Morrow et al., 2012; Kirstein et al., 2016; Lamb et al., 2018). Lamb et al. 

(2018) show that chance of disease increases from 4 to 89% when the corals contact with 

plastics. There are number of studies documented on the impact of plastic on various organisms 

including sea turtles (Carr, 1987), sperm whales (De Stephanis et al., 2013), blue mussels (Von 

Moos et al., 2012), fish (Choy and Drazen, 2013; Gassel et al., 2013; Lusher et al., 2017), birds 

(Wilcox et al., 2015), other organisms (Ferreira et al., 2019). 

Anthropogenic pollution can severely impact pollinators. The high background chemical noise 

can negatively impact plant-pollinator communication (Riffell et al., 2014; Farré-Armengol et al., 

2016; Jürgens and Bischoff, 2017), thereby decreasing pollinators in highly polluted areas (Martin 

et al., 2018; Phillips et al., 2019). The exposure to toxic metals and traffic noise can cause 

various health issues in pollinators (Davis et al., 2018; Thimmegowda et al., 2020). The effect of 

heavy metal stress on local plants subsequently affects their pollinators (Mulder et al., 2005). 

Artificial light at night is a threat to pollination (Knop et al., 2017). It attracts diverse animal taxa 

including pollinators thus increasing the chance of predation (Holzhauer et al., 2015). This can 

disrupt important ecosystem services like nocturnal pollination (MacGregor et al., 2015). The 

presence of light changes the behaviour and pattern of pollinators and thereby affects nocturnal 

pollen transport by animals (Macgregor et al., 2017). Artificial light pollution in alpine meadows 

reduced nocturnal pollination to 62%, resulted in 13% reduction of fruit set in thistle (Cirsium 

oleraceum) (Knop et al., 2017). It also affects both abundance and richness of urban nocturnal 

pollinators (Straka et al., 2021). Increased use of agrochemicals potentially affects pollinators 
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(Potts et al., 2010; Lu et al., 2020). Use of insecticides causes pollinator decline and local shifts 

in diversity and abundance (Brittain et al., 2010; Lu et al., 2020). Similarly, the herbicides and 

fertilizers limit the floral resource availability for pollinators (Gabriel and Tscharntke, 2007; 

Holzschuh et al., 2008). 

1.6.5 Overexploitation  

Overexploitation of species for different purposes with an economic gain is another significant 

threat to biodiversity. Extensive harvest for food and the pet industry causes species to decline. 

Unsustainable hunting in parts of Africa, Asia and South America for consumption and the trade 

of wild meat (also known as bushmeat) by humans cause population decline and species 

extinction (Fa et al., 2002; Milner-Gulland and Bennett, 2003; Lindsey et al., 2013; Darimont et 

al., 2015; Ripple et al., 2016). Hunting contributed to extirpate the charismatic megafauna such 

as African elephants, rhinoceroses, large predators and other animals from most of their original 

ranges (Corlett, 2007; Lindsey et al., 2013; Maisels et al., 2013; Ripple et al., 2014, 2015; 

Strauss et al., 2015). As a result, many forests, savannahs, grasslands, and deserts in 

developing countries are becoming ‘empty landscapes’ (Lindsey et al., 2013; Ripple et al., 2015). 

Tropical forests face extensive over-harvesting of wildlife (Dirzo et al., 2014). Indeed, human 

hunting imperilled 40 to 50% of all threatened bird and mammal species in the world (Tilman et 

al., 2017). Globally, 301 terrestrial mammal species are threatened with extinction from 

bushmeat hunting, most of them occurring in developing countries (Ripple et al., 2016). In China, 

overexploitation is a greater threat to endangered vertebrates than habitat loss, contributing to 

the endangerment of 78% of imperilled species (Yiming and Wilcove, 2005). Similarly, 

overfishing is the major cause of decline in many fish, shellfish, and other living marine resources 

in the world (Pauly et al., 2002). It depleted around 25% of the world’s fisheries (FAO, 2007). 

Overexploitation is also driving economically valuable tropical tree species to extinction (Barrett 

et al., 2010). 
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Human consumption of wild meat is the primary reason for hunting animals including pollinators 

(Ripple et al., 2016). Overhunting threatens the world’s fruit bats, from the Pacific to Africa 

(Funmilayo, 1978; Craig et al., 1994; Mohd-Azlan et al., 2001; Brooke and Tschapka, 2002; 

Jenkins and Racey, 2008; Epstein et al., 2009; Mickleburgh et al., 2009; Harrison et al., 2011; 

Frick et al., 2020). Clayton and Milner-Gulland (2000) report in northern Sulawesi, Indonesia, a 

single fruit bat (Pteropus alecto) was sold at a rate of 25-50 per week in the 1990s and this 

reached 300 per week in 1997. Heinrichs (2004) shows the trade of fruit bats reached 100-200 

per day in the markets of Ujung Pandang in Sulawesi. Study shows overharvesting is a serious 

threat to fruit bat populations; market surveys and colony observations show c. 30,000 bats were 

killed in southern Sulawesi (Heinrichs, 2004; Mickleburgh et al., 2009). It has been noticed that 

bats are declining in Malaysia (Mohd-Azlan et al., 2001). Bat meat is considered as a luxury food 

in cities of Malaysia (Mickleburgh et al., 2009), and vendors sell 200-300 bats in each season 

(Fujita and Tuttle, 1991). Mohd-Azlan et al. (2001) show the legal permission to shoot 56,000 fruit 

bats (Pteropus vampyrus) in Malaysia in 1990 to 1996 and an estimated minimum legal harvest 

of 87,800 bats occurred from 2002 to 2005 (Epstein et al., 2009). On Niue 60 hunters overhunted 

1,555 fruit bats (Pteropus tonganus) in 1998 (Brooke and Tschapka, 2002). Large scale hunting 

in Samoa killed 18,000 fruit bats in a single 3-year period (Cox and Elmqvist, 2000). In Guam the 

populations of fruit bats such as Pteropus mariannus have severely declined and the Pteropus 

tokudae has already become extinct (Wiles et al., 1989). It is noticed that 75% decline in fruit 

bats colonies in Rota and severe population declines in Saipan (<25) and Tinian (<10) islands of 

the Commonwealth of Northern Mariana that once supported hundreds or thousands of fruit bats 

(Lemke, 1986). Decline in fruit bats in these islands was probably related to harvests to Guam’s 

market (Wheeler, 1980). In Madagascar the fruit bats are hunted throughout the year 

(Mickleburgh et al., 2009). The overhunting of fruit bats Pteropus rufus resulted in the Red List 

categorization to Vulnerable (Jenkins and Racey, 2008; Mickleburgh et al., 2009). 

Overexploitation caused the extinction of Pteropus subniger in the Mascarene Islands 

(Mickleburgh et al., 2009). Two mass culling events on Mauritius islands killed more than 38,000 
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individuals of Pteropus niger within two years (Frick et al., 2020). Each year 128,000 fruit bats 

(Eidolon helvum) are sold in southern Ghana (Kamins et al., 2011). Similarly, in many African 

countries the fruit bats are hunted and traded for human consumption leading to a decline in their 

populations (Mickleburgh et al., 2009). 

1.6.6 Invasive species 

Human activities by international trade, horticulture, and recreation have resulted in the 

introduction of non-indigenous species across the world, and many of these have become 

invasive (Jeschke and Strayer, 2005; Clavel et al., 2011). For a species to be invasive, it must be 

introduced to a new range, become established and spread (Jeschke and Strayer, 2005). It has 

been documented that invasive species are the second most important driver of vertebrate 

extinctions after habitat destruction, with the greatest threat concentrated in the Americas, India, 

Indonesia, Australia, and New Zealand (Bellard et al., 2016). Invasive species currently have 

high impacts on biodiversity in economically developed and extra tropical regions, though it has 

been predicted that tropical ecosystems are increasingly vulnerable to invasion as the 21st 

century continues (Early et al., 2016). The loss of biodiversity by invasive species varies across 

regions and taxa (Bellard et al., 2016). Invasive species cause thousands of species extinctions 

and changing trophic structures both on islands and coastal mainland (Simberloff et al., 2013; 

Dawson et al., 2017). Introduced predators have threatened and extirpated many island bird 

species (Blackburn et al., 2004). In Hawaii, 43% of endemic birds and 39% of endemic plants are 

threatened by invasive species (Gurevitch and Pandilla, 2004). Globally, 1372 vertebrate species 

are threatened from invasive species (Bellard et al., 2016). The invasive African grasses in 

Australia’s savannah could threaten up to 380,000 km2 by promoting landscape flammability 

(Setterfield et al., 2010; Barlow et al., 2018). Several studies have reported invasive species in 

aquatic ecosystems across the world (Coles et al., 1999; Hewitt et al., 1999; Bax et al., 2003; 

Hewitt, 2003; Albins and Hixon, 2013; Katsanevakis et al., 2016; Collins et al., 2020). 
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The effects of invasive species on pollinators and pollination are complex (Potts et al., 2016). 

These effects can be from weak to strong on pollinators or plants or both (Traveset and 

Richardson, 2006). Invasive species can disrupt pollination interactions and community stability 

(Hansen et al., 2002, Dupont et al., 2004; Vanbergen et al., 2018). This disruption is more 

important on islands than the continents (Traveset and Richardson, 2006). Invasive predators 

can reduce pollinator populations and thereby affect fitness of the dependent plants (Traveset 

and Richardson, 2006). Invasive predators caused the extinction of native lizard species which 

were important pollinators of various plant species in the Canary and Balearic Islands (Nogales 

and Medina, 1996; Traveset and Sáez, 1997). In Easter Island, the invasive Polynesian rat 

(Rattus exulans) is believed to cause the extinction of parrot species (Eunymphicus cornutus 

uvaeensis) that once pollinated a currently extinct Jubaea palm (Cox and Elmqvist, 2000). The 

spread of avian malaria by introduced mosquitoes has severely threatened the honeycreepers 

(Drepanidinae) on Hawaiian Islands (Benning et al., 2002). In New Zealand, invasive species 

such as rats, cats and stoats caused population reduction of endemic pollinator birds and bats 

that pollinate various plant species (Kelly et al., 2006). Scrimgeour et al. (2012) report domestic 

cat predation in New Zealand’s North Island, where the remains of at least 102 lesser short-tailed 

bats (Mystacina tuberculata rhyocobia) were found over a seven day period. Invasive ant species 

Wasmannia auropunctata threatens populations of various species of geckos that are important 

pollinators and dispersers of various plant species in New Caledonia (Jourdan et al., 2001; 

Traveset and Richardson, 2006). Invasive predator brown tree snake (Boiga irregularis) has 

threatened the fruit bat’s survival across the Pacific islands where they act as keystone 

pollinators (Cox and Elmqvist, 2000). It is likely to have contributed to the decline of the 

threatened Marianas fruit bat Pteropus mariannus (Wiles, 1987), and the increased snake 

population extirpated bats from southern Guam in the 1970s (Fritts and Rodda, 1998). In 

Australia, the competition for pollination by invasive species reduced the population of native bird 

pollinators (Paton, 1993). 
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1.6.7 Climate change 

Increases in atmospheric CO2 have greater implications in terrestrial and aquatic ecosystems (for 

example, ocean acidification from dissolved CO2 declining coral calcification, elevated CO2 levels 

favour the growth of woody plants over grasses; Albright et al., 2016; Barlow et al., 2018). It is 

well understood that climate warming is a major threat to global biodiversity (Sala et al., 2000; 

Thomas et al., 2004; Parmesan, 2006; Burrows et al., 2011). Anthropogenic climate change has 

been documented on every continent, including from polar to tropical environments (Hoegh-

Guldberg, 1999; Hughes, 2000; Walther et al., 2002; Root et al., 2003; Thomas et al., 2004; 

Perry et al., 2005; Parmesan, 2006). However, the patterns of climate change are not uniform, 

being instead highly heterogeneous across the world. The minimum temperature is increasing 

across the world and the precipitation varies in spatiotemporally (Walther et al., 2002). In the 

Northern Hemisphere a decadal increase of 0.5 – 1% precipitation mostly occurs in autumn and 

winter, whereas it generally decreases by about 0.3% per decade in the subtropical regions 

(IPCC, 2001; Walther et al., 2002). Increasing global temperature causes melting of snow and ice 

as a consequence the global average sea level rise. The projected sea level rise will be 18 – 59 

cm at the end of the 21st century (Pachauri and Reisinger, 2007).  

Climate drives biotic systems (Parmesan et al., 2000; Araújo et al., 2004; Perry et al., 2005; 

Andriamasimanana and Cameron, 2013). Therefore, climate change challenges organisms to 

adapt or move (Burrows et al., 2011). It affects species in a number of ways, through changes in 

growth, survival, reproduction, population density at a given location, distributional patterns and 

abundance, and ecosystem structure and function (Wood and McDonald, 1997; Brander et al., 

2003; Thomas et al., 2004; Perry et al., 2005). Climate change also affects phenology (timing of 

seasonal activities of animals and plants), such as migration, flowering, egg laying (Root et al., 

2003) and facilitates biological invasion (Sala et al., 2000). Climate change is causing large 

disruption to ecosystems (Scheffers et al., 2016). It drives species ranges toward the pole and 

upward in elevation (new colonizations to higher latitudes and altitudes), as species move to 

occupy areas within their temperature and precipitation tolerances (Hoffman and Parsons, 1997; 
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Parmesan et al., 1999, 2000; Parmesan and Yohe, 2003; Root et al., 2003; Perry et al., 2005; 

Chen et al., 2011; Hill et al., 2011). However, this move basically depends on the extent that 

dispersal and resource availability allow (Walther et al., 2002; Thomas et al., 2004), potentially 

leading to a widespread extinction of species particularly where dispersal capabilities are limited 

or suitable habitat is unavailable (Thomas et al., 2004; Perry et al., 2005). Importantly, most 

geographically restricted or endemic species will not be able to respond to climate change by 

colonising new suitable areas, thus will vanish them entirely (Habel et al., 2019).  

The impact of climate change on pollinators and pollination services were not fully understood for 

many years (Field and Barros, 2014; Potts et al., 2016). Climate change affects the phenology, 

abundance and distribution of plants and pollinators (Hegland et al., 2009). Both phenological 

disruption of plant-pollinator mutualism and climate driven range shifts are the two well noted 

impacts of climate change on pollination (Wilson et al., 2005; Bartomeus et al., 2011; Høye et al., 

2013; Iler et al., 2013; Herrera et al., 2014; Kerr et al., 2015; Sirois-Delisle and Kerr, 2018). 

Phenological mismatches can cause pollinator losses that disrupt pollination of late flowering 

plants in the season (Memmott et al., 2007; Burkle et al., 2013). The impact of mismatches may 

be much more severe on pollinator populations than with plants as the dependency of pollinators 

on plants is more absolute than flowering plant’s dependence on pollination (Hegland et al., 

2009). For instance, the migrant hummingbird’s (Selasphorus platycercus) reproductive success 

may be determined by the degree of matching with its main flower resources (Waser, 1976). In 

North America, a study showed climate change was driving phenological shifts in the arrival of S. 

platycercus and the flowering of their food plants, and continued phenological mismatch can 

reduce successful reproduction of hummingbirds, potentially affecting both pollinator and plant 

populations (McKinney et al., 2012; Courter et al., 2013). Mismatch between plants and 

pollinators can reduce pollen deposition by altering visitation thus increasing pollen limitation 

(Hegland et al., 2009). 
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Range shifts cause population changes in pollinators, particularly those living at their maximum 

climatic threshold (Williams et al., 2007; Williams and Osborne, 2009; Forister et al., 2010; 

Vanbergen and Initiative, 2013). It can also cause species extinction (Devoto et al., 2007). In 

Hawaiian Islands, climate change makes survival of honeycreeper birds difficult. In many islands 

they already shifted to the higher elevations where they are considered the last refugia for these 

species (Benning et al., 2002). Climate change will affect montane endemic pollinators such as 

scissor-tailed hummingbird (Hylonympha macrocerca) of Venezuela and regal sunbird 

(Nectarinia regia) of East Africa. Both have limited capacity to shift their ranges, making them 

vulnerable to extinction (Sekercioğlu et al., 2012). In response to climate change Neotropical 

montane hummingbirds are expected to shift ranges altitudinally upwards (Buermann et al., 

2011). Whereas some hummingbirds expand ranges northward, some lack the possibility of 

expansion, therefore, their populations decline (Lara et al., 2012; Courter, 2017). Climate change 

will reduce the distributional overlap between the bat pollinator, Leptonycteris nivalis, and its 

Agave plants by at least 75%, this restricts foraging resources and threatens pollinator 

populations (Gómez-Ruiz and Lacher, 2019). A decrease in bat pollinator species richness has 

been reported in response to increasing temperature in Mexico where 21% of the territory will 

experience a loss of bat species richness (Zamora-Gutiérrez et al., 2021). 

Climate change is predicted to increase the intensity and disturbance rate of tropical cyclones 

(Webster et al., 2005; Leslie et al., 2007). Cyclones are particularly a threat to fruit bats on 

tropical islands, causing 80-90% population decline from mortality and loss of food resources 

(Scanlon et al., 2018; Frick et al., 2020). Reports show dramatic population declines of fruit bats 

in response to the impacts of cyclonic storms in various Pacific and Indian ocean islands such as 

Guam (Wiles, 1987), Marianas (Wilson and Graham, 1992), Mascarene Islands (Carroll, 1988), 

Rodrigues Island (Carroll, 1984), Samoa (Craig et al., 1994; Pierson et al., 1996), Solomon 

Islands (Flannery, 1989) and Tonga (McConkey et al., 2004). Population decline from hurricanes 

is also noted in the Caribbean Island, Montserrat (Pedersen et al., 2010). Climate change 

disrupts food availability for pollinating animals (Gómez-Ruiz and Lacher, 2017). In Samoa, the 
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decline of fruit bats (Pteropus tonganus) following cyclones was related to the loss of Syzygium 

inophylloides flowers (Pierson et al., 1996). In the Bahamas, decline of bird pollinators following a 

cyclone caused reduced pollination in Bahama Swamp-bush (Pavonia bahamensis), reducing 

fruit set by 74% (Rathcke, 2000). Extreme temperatures (>42 ºC) in parts of Asia and Australia 

lead to physiological stress and thereby mortality in fruit bats (Welbergen et al., 2008; Jones et 

al., 2009). Over 30,000 fruit bats were killed during 19 extreme heat events in Australia, of which 

24,500 were fruit bats Pteropus poliocephalus (Welbergen et al., 2008).  

 

1.7 India as a case study 

1.7.1 History of pollinator ecology in India 

Ancient India does not have a rich knowledge in pollination biology like Europe, where Greek and 

Roman writers were familiar with the need for pollination of the date palm (for example, 

Theophrastus c. 373-287 B.C.) (Proctor et al., 1996). The knowledge of biology and plant 

sciences was particularly based on observational studies, this information was isolated to certain 

regions and plants for decades. The systematic scientific studies which related to pollination are 

sparse and mostly lack references or documentation in the earlier times. The development in 

pollination biology began with the arrival of Europeans in the 17th century, who were particularly 

interested in geography and botany, to exploit the resources from the Indian subcontinent 

(Kochhar, 1992, 1993). With the arrival of British in the 18th century, they also brought a new 

methodology of science to India and the earlier research in biology was exclusively by the British 

for a long time. 

Unlike Europe and North America, where the study of pollination reached its maximum 

development in the 20th century (Proctor et al., 1996), even at beginning of the 20th century the 

studies on pollination exclusively by Indians was sparse, though, isolated studies were reported 

(Singh, 1929). But, around the middle of the 20th century, Indian naturalists and biologists 

realised the need to have basic data on the ecological relationships of native plants and animals 
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(Aluri, 1990). These isolated studies fundamentally focussed on agricultural and economic 

perspective to improve seed yields (Kashi, 1930; Rahman, 1940, 1945; Sikka and Gupta, 1949).  

By the end of the 20th century, the studies on pollination and pollination requirements of 

economically and commercially important plants increased. These studies mostly focussed on 

insect pollinators with particular interest to understand their role in agricultural yield (for example, 

whether insect pollinator activity increases seed/fruit production in plants), while some studies 

focused on the reproductive biology of plants (Aluri, 1990). Currently, studies have expanded to 

various areas, but most studies focus on the basic ecology of pollination to identify or record the 

pollinator species or pollination system of plants (for example, Ganesh and Devy, 2000; Devy 

and Davidar, 2003; Sinu and Shivanna, 2007; Nayak and Devidar, 2010; Kishore et al., 2011; 

Balachandran et al., 2017; Karuppaiah et al., 2018; Kuriakose et al., 2018, 2019; Vanitha and 

Raviprasad, 2019), and lack large scale pollination studies using macroecological methods. 

1.7.2 Geological and Biogeographical Evolution of India 

The geological evolution of India goes back to around 200 million years ago when much of the 

land mass along with Madagascar was a part of the Gondwana supercontinent (Mani, 1974; 

Briggs, 1989, 2003a; Hedges, 2003; Karanth, 2015). The break-up of Gondwana resulted in the 

separation of India-Madagascar from Africa around 160 million years ago, with a further split 

between India and Madagascar around 90 million years ago, leading to the formation of two 

separate landmasses (Chatterjee and Scotese, 1999; Briggs, 2003b). After splitting from 

Madagascar, the Indian plate drifted across the Indian Ocean and initially collided with Eurasia 

around 50 to 55 million years ago (Beck et al., 1995; Kumar et al., 2007; Bouilhol et al., 2013). 

Around 35 to 40 million years ago, the Indian plate completely sutured with Eurasia, forming the 

Himalayan mountain range, which covers much of the north-western to north-eastern parts of 

India and has major effects on both its climate and biogeography (Valdiya, 1998). The southern 

part, usually peninsular India, is surrounded by the Indian Ocean which gives a distinct 

geographical unit/peculiarity.  
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After a series of splits, the drifting Indian landmass is thought to have experienced a large-scale 

extinction of its Gondwanan biota because of volcanic activities and latitudinal shift during its 

northward movement (Thewissen and McKenna, 1992; Conti et al., 2002; Samant and Mohabey, 

2009), though some of the Gondwanan biota survived these extinction events (Karanth, 2006; 

Datta-Roy and Karanth, 2009). This is likely to have created a vast opportunity for invading biota 

from outside of India as new niches opened up. The collision between the Indian landmass and 

Eurasia paved the way for biotic exchange between both landmasses (Mani, 1974). However, 

physical barriers such as the arid desert and low rainfall in the north and north-western regions 

might have limited biotic exchange between India and Eurasia (Karanth, 2015). In contrast, the 

low mountain ranges and tropical climatic condition favoured the biotic exchange between India 

and Southeast Asia through the ‘Assam gateway’, on the north-eastern borders of India (Mani, 

1974). Some of the ancient Gondwanan biota dispersed out of India into Asia and many Asian 

biota dispersed back into India (Karanth, 2006; Datta-Roy and Karanth, 2009). However, some 

biota remained in India which are known as the Gondwanan relicts. Therefore, India is both a 

biotic “ferry” (Tarling and Runcorn, 1973) and a biotic “sink”.  

In addition, the fossil record (after split from the Madagascar) indicates that India’s paleobiota 

shows little endemism (Rust et al., 2010), and evidence shows numerous endemic radiations 

occurred after the collision with Eurasia (Karanth, 2015). Various molecular phylogenetic studies 

support a biotic dispersal into India followed by high degree of endemic radiation events in a 

number of taxa such as lizards (Bansal and Karanth, 2010; Datta-Roy et al., 2012, 2014), toads 

(van Bocxlaer et al., 2009), invertebrates (Kohler and Glaubrecht, 2007) and plants 

(Surveswaran et al., 2009). This dispersal, mostly, from South Asia to India followed by in-situ 

diversification suggests the availability of open niches for establishment of taxa across the Indian 

landmass. This radiated biota shows a basal affinity with taxa from elsewhere in Eurasia 

(Morales and Melnick, 1998; Karanth et al., 2008; Roos et al., 2011), although there is evidence 

for similarity between Indian fauna and that of Southeast Asian regions (Blanford, 1901; Hora, 

1949; Jayaram, 1949; Mani, 1974). 
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The paleobiota of India is a relic of Africa, Madagascar and often the Seychelles (these islands 

are fragment of the India-Madagascar landmass) as a result of the Gondwanan break up. But the 

original biota of India is a representative of older Gondwanan biota with African, Madagascar and 

Seychelles affinities (Mani, 1974; Briggs, 2003a; Hedges, 2003; Kodandaramaiah and Wahlberg, 

2007; Datta-Roy and Karanth, 2009; Kodandaramaiah et al., 2010; Rust et al., 2010; Li et al., 

2013; Karanth, 2015), and more recent taxa are basal to largely the Southeast Asian regions 

(Indo-Chinese and Malayan subregions) of Eurasia (Hora, 1949; Jayaram, 1949; Kurup, 1974; 

Mani, 1974; Clyde et al., 2003; Karanth et al., 2008; Datta-Roy and Karanth, 2009; Li et al., 2013; 

Karanth, 2015). More specifically, the Indian biota can be broadly classified as a combination of 

older Gondwanan and recent Eurasian forms. 

The formation of “monsoon” weather (monsoon derived from an Arabic word meaning seasons) 

due to the collision of the Indian landmass with Eurasia caused a drier climate across much of 

India (Meher-Homji, 1983). Hence, the evergreen forests retreated to wetter parts of the south 

Indian peninsula (Joshi and Karanth, 2011), which may have further affected the disparity in the 

distribution of biodiversity across the country. Given the remarkable biogeographical history, and 

because of the combination of African, Palearctic, Indo-Chinese, Malayan and Indian-endemic 

flora and fauna, India has exceptional biodiversity (Mani, 1974; Karanth, 2006, 2015).  

Currently, India stretches from a snow-covered Himalayan height to the tropical rain forests of the 

south, lying entirely in the northern latitude which extends between 80 4' and 370 6' latitudes 

north, and 680 7' and 970 25' longitudes east of it (www.india.gov.in). The modern pattern of 

Indian biodiversity might have been evolving in response to the current spatial position and 

geographical conditions. Thus, this distributional pattern of biodiversity reflects the outstanding 

peculiarities of India’s great geological origin and biogeographical evolution.  

1.7.3 Climate 

Due to the varied topology and large geographical area, India has wide variations in its climate 

and weather conditions (Ray et al., 2016). The climate of India can broadly be classified as 
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tropical monsoon (Mani, 1974). However, as per Köppen’s classification India dominantly 

experiences four types of climates (Oliver and Wilson, 1987) :1) Tropical Savanna – most of the 

Indian peninsula, 2) Tropical Rainforest – most of the west coast, 3) Warm with dry winds – 

northern India, and 4) Dry Steppe – western India is (Dash et al., 2007). Generally, India 

experiences two types of monsoons that usually control the overall weather in general. Firstly, 

the predominant south-west monsoon from June to September and, second, the north-east 

monsoon from October to December. However, the case, because of large dynamics in the 

topography, and huge extensions in the latitudes and longitudes, the different parts of India 

experiences varying degrees of temperature or rain in the same month or season. The mountain 

ranges play a pivotal role in the climate of the region where they have located, also the tropical 

forests, the rich biodiversity regions, of the south India forms the lifeline of the climate of India 

(Dash et al., 2007).   

Although nearly half of India lies outside the tropics and because of the separation of Himalaya in 

the north from the rest of Asia, the country has nearly the same type of tropical monsoon climate 

throughout the land (Mani, 1974). The variations in elevation and local climate are extremely 

remarkable, which includes the transitions of rainless desert of Thar, Rajasthan to the rainiest 

place on earth, Mausingam, Assam and to alpine and arctic conditions on the Himalaya (Mani, 

1974). 

1.7.4 Biodiversity hotspots 

The term biodiversity hotspot was first used by Myers (1988, 1990) in an approach to identify 

high-priority terrestrial ecoregions for conservation. According to Myers a biodiversity hotspot is 

an area which features exceptional concentrations of endemic species and is experiencing 

exceptional loss of biodiversity. As per the hotspot criteria, for a region to be biodiversity hotspot, 

it must meet two criteria: (1) an area must contain at least 0.5% or 1500 endemic vascular plant 

species, and (2) almost have lost 70% or more of its primary vegetation. Thus, if an area qualifies 

by the 0.5% or 1500 plants criterion (and the habitat threat criterion), it makes the list (Myers, 
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1988, 1990; Myers et al., 2000). The basic idea behind this includes the development of 

strategies for the protection of most species at the least cost by identifying the biodiversity 

hotspot to prevent large-scale extinction or biodiversity loss. As biodiversity hotspots often 

contain exceptional numbers of endemic species (present nowhere else in the world) in a 

relatively small area that face threats from habitat loss are significant (Myers et al., 2000; 

Mittermeier et al., 2011).  

There are a total of 36 biodiversity hotspots around the world and altogether they support 77% 

endemic plant species, 43% vertebrate species, and 80% all threatened amphibians (Mittermeier 

et al., 2011; Williams et al., 2011; Cunningham and Beazley, 2018; www.cepf.net). However, the 

word ‘hotspot’ is now widely use in various macroecological studies to indicate the large spatial 

clustering of species in a region/area. But the usage mainly depends on the situations, for 

example, hotspots of rare species (Prendergast et al., 1993; Williams et al., 1996), hotspots of 

endemism (Orme et al., 2005, Roll et al., 2017), hotspots of threat (Orme et al., 2005). 

India is partially home to four global biodiversity hotspots in different regions of India. 

1) Western Ghats: which lies in the southern, tropical, part of India. It is a chain of mountains 

that stretches from a latitudinal extent of 80 to 210 along the west coast of peninsular India. It 

stretches over 1600 km with a major gap called Palghat Gap, which is about 30 km wide 

(Subramanyam and Nayar, 1974; Ali and Ripley, 1987). The species richness and endemism are 

not evenly distributed across the Western Ghats, the evidences show that southern parts of 

Western Ghats are more diverse and possess higher endemism than central and northern parts 

(Pascal, 1988; Gimaret-Carpentier et al., 2003; Pascal et al., 2004; Davidar et al., 2007a). This 

peculiarity can be attributed to its position in the tropics, variability in environmental factors 

(temperature, precipitation, productivity, seasonality) and topographic diversity. It is home to 

more than 30% of all plant and vertebrate species found in India, in less than 6% of India’s 

landmass. Therefore, the Western Ghats together with Sri Lanka is known as one of the hottest 

biodiversity hotspots in the Old-World tropics (Myers et al., 2000).  
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2) Himalaya: which is in the northern part of India. This hotspot is divided in to two major regions: 

the Western Himalaya, which experiences a sub-alpine climate, and Eastern Himalaya, which 

experiences a subtropical to temperate climate. It lies between approximately 250 and 350 N 

latitude and 730 and 970 E longitude, and is home to various ranges of mountains including the 

world’s highest mountain, Mount Everest. These mountains rise abruptly which result in the 

formation of diverse ecosystems. Eastern Himalaya is more biodiverse than the western 

Himalaya, and this area exhibits high degree of endemism relative to others (Myers, 1988; Pandit 

et al., 2007). 

3) Indo-Burma: This biodiversity hotspot is in the north-eastern region of India, lying between 

approximately 100 to 260 N latitude and 890 to 950 E longitude. It is characterised by a chain of 

north-south mountain ranges, which is a continuity of Himalayan mountain ranges. It is one of the 

top ten hotspots in the world and harbours a high degree of endemic floral and faunal diversity 

(van Dijk et al., 2004). Indo-Burma is one of the most threatened biodiversity hotspots in the 

world because of dense human population, resource overexploitation and habitat loss 

(Mittermeier et al., 2004). 

4) Sundaland: This biodiversity hotspot is in Southeast Asian region, and the Indian 

administered Andaman and Nicobar Islands are part of this biodiversity hotspot. It is completely 

separated from the main geographical land of India and close to southeast of Asian region 

(Myers et al., 2000). It has the hot and humid climate of the tropics and it supports rich species 

diversity. 

India covers just 2% of the world’s landmass, it contains 7.5% of the total animal species of the 

world. It is believed to be have approximately 100,693 animal species, of which Aves constitute 

1,210 species (12% of the world), Mammalia 423 (7.2% of the world), Reptilia 527 (5.5% of the 

world), Amphibia 388 (5.06% of the world) and Pisces 3,324 (10% of the world) (Sharma et al., 

2015; ZSI, 2017; Venkataraman and Sivaperuman, 2018; bnhsenvis.nic.in). The total number of 
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plant species recorded in India is 49,441, and among these angiosperms are 18,666 species, 

38% of the total Indian flora (BSI, 2018). 

1.7.5 The biodiversity crisis in India 

It is hard to find a large-scale study that explicitly covers the whole of India, rather, most studies 

focus on regional or local scales, hence, these studies often fail to highlight the real impact of 

biodiversity loss across India. However, based on the following regional studies, India is currently 

facing large-scale biodiversity loss. The vegetation in large parts of India has been immensely 

modified and altered through the destruction of natural habitats due to population increase, 

agriculture and extensive rapid developmental activities (Menon and Bawa, 1998; Jha et al., 

2000; Khan and Frost, 2001; Pandit et al., 2007; Bhattacharya et al., 2012; Roy et al., 2013; 

Varadharajan and Soundarapandian, 2014; Reddy et al., 2016: Pawar, 2017; Kanade and John, 

2018). Additionally, overexploitation (Arunachalam et al., 2004; Raju et al., 2014; Mandal and 

Nandi, 2015), pollution (Sarkar et al., 2010; Bhattacharya et al., 2012: Baliarsingh et al., 2014) 

and invasive species (Sreenivasan, 1996; Dogra et al., 2009; Singh and Lakra, 2011; Kumari and 

Choudhary, 2016) are identified as major causes of biodiversity loss in India. 

Alarming rates of deforestation for various purposes like plantations, agriculture, dam 

construction and developmental activities have been reported in the Western Ghats, Himalaya, 

Indo-Burma and Sundaland biodiversity hotspots as a major biodiversity threat (Ramesh et al., 

1997; Menon and Bawa, 1998; Prasad, 1998; Jha et al., 2000; Paul et al., 2005; Pandit et al., 

2007; Joseph et al., 2009; Panigrahy et al., 2010; Reddy et al., 2016; Kanade and John, 2018). 

Also, other major issues like fires (Kodandapani et al., 2004), invasive species (Raghavan et al., 

2008; Abraham and Kelkar, 2012), pollution (Molur et al., 2011; Abraham and Kelkar, 2012) 

further threaten these biodiversity hotspots. Human activity is especially concerning in the 

Western Ghats, the most highly populated biodiversity hotspot in the world with >300 person/km2 

(Cincotta et al., 2000).  
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Human caused climate change is another major concern in the present day, the global mean 

temperature is expected to rise to 40C (under the IPCC A1FI emissions scenario) by the end of 

this century without mitigation (IPCC, 2007; Betts et al., 2011; Corlett, 2012), though it is not 

uniform spatiotemporally. It has been observed that the regional rate of climate warming in 

Himalaya will be higher than average global warming rates (Chaudhary and Bawa, 2011). This 

will adversely affect the biodiversity of this region. Studies in these biodiversity hotspots indicate 

range shifts in fauna and flora towards more cooler climate regions, this could threaten a large 

proportion of native flora and fauna, especially in regions like Himalaya where northward 

movement is not possible due to the topographic barriers (Chaudhary and Bawa, 2011; Chitale et 

al., 2014). 

1.8 Novelty and impact of this PhD thesis 

The field of evolutionary ecology of pollination has primarily been shaped by experimental studies 

conducted at local-scales, with a focus on one or a few species (Kevan, 1972; Traveset and 

Sáez, 1997; Medan and Montaldo, 2005; Ortega-Olivencia et al., 2011). This often lacks a large-

scale perspective on their distribution. The lack of global monitoring programmes and patchy 

regional monitoring and assessment was insufficient to identify pollinator loss across the world 

(Regan et al., 2015). The lack of studies on potential threats and habitat preferences are the 

major knowledge gaps in vertebrate pollinator conservation (Ratto et al., 2018). To conserve 

pollinator biodiversity, detailed information, particularly about impacted species, their location, 

status of declines and factors threatening is required to inform policy and to ensure effective 

conservation actions (Regan et al., 2015). Therefore, this PhD aims to fill the gap by exploring 

the distribution, potential threat, and economic benefit of vertebrate pollinators using 

macroecological principles based on the development of an entirely new dataset of vertebrate 

pollinator species. 

Earlier conservation planning was based on the large charismatic animals (though it is beneficial, 

as most big animals have large ranges and need a large area for conservation), and often 
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neglected small animals and other taxa regardless of their ecological importance. Like 

everywhere in the world, conservation planning and investment in India is also, in most cases, 

based on large animals. For example, there are 50 tiger reserves (71,027 km2) and 32 elephant 

reserves (69,583 km2) in India. The conservation importance of specific species or groups of 

ecologically relevant small animals are rarely addressed, though there are protections for specific 

habitats, for example, 27 RAMSAR Wetland Sites (11,121 km2) and 467 Important Bird Areas 

(IBA), though the total area of these sites is unreported (wiienvis.nic.in). Pollinators are not 

considered in terms of conservation planning, despite their importance, both in agricultural and 

natural ecosystems. 

Despite the large size of India, until now there has been no integrated study that explored the 

diversity, distribution, vulnerabilities, and economic importance of vertebrate pollinators using 

macroecological methods. Therefore, my PhD explores these problems for better maintenance 

and conservation of pollinator biodiversity for future generations. 
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2 Chapter 2: General Methods 
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2.1 Identification & collection of pollinators data 

I used a global dataset consisting of 1,089 bird and 344 mammal pollinator species from Regan 

et al. (2015) to build my pollinator dataset. However, differences in the taxonomic changes can 

bring changes in the total species in the dataset, therefore, the dataset has been refined before 

adding further species. I identified 17 bird and 2 mammal pollinator species as extinct. There 

were also had changes in the taxonomy of 3 bird (Lichmera limbata combined with Lichmera 

indistincta, Philemon novaeguineae combined with Philemon buceroides and Heliangelus zusii is 

no longer considered as a species) and 3 mammal species (Artibeus incomitatus combined with 

Dermanura watsoni, Pteropus yapensis and Trichosurus arnhemensis became subspecies of 

Pteropus pelewensis and Trichosurus vulpecula respectively). Thus, after cleaning, the Regan et 

al. (2015) dataset yielded an extant 1,069 bird and 336 mammal pollinator species (Table 2.1).   

I identified additional pollinator species by searching the Google Scholar database (search date 

from January 2017 to December 2017) and searching the reference lists of all relevant papers for 

additional sources. Google Scholar is a commonly used web-based academic search engine, 

cataloguing between 2 and 100 million records of both academic and grey literature (articles not 

formally published by commercial academic publishers; Haddaway et al., 2015). It collates results 

from across the internet, the search result can be limited to title, author, publication source, 

unspecified text and publishing date and it is free to use (Tober, 2011; Haddaway et al., 2015). 

As a result, it has received considerable attention as a method for searching for literature, 

particularly in searches for grey literature, as required by systematic reviews (Haddaway et al., 

2015). Google Scholar also provides citation information (Kousha and Thelwall, 2008). I also 

retrieved literatures from the biodiversity heritage library (biodiversitylibrary.org) using the 

author’s name and year of publication for Singh, 1929; Ali, 1931 and McCann, 1931, 1933. I used 

four groups of search terms in Google Scholar: (1) vertebrate, bird, mammal, lizard; (2) 

pollination, plant; (3) reproduction, interaction; and (4) Africa, Asia, Australia, South America, 

India. Search methods included one word from each group, where relevant, and all possible 
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combinations were used to retrieve vertebrate pollinator species. My initial search in Google 

Scholar database yielded 3,300 articles. I screened the title and abstract of all the articles for 

relevance. After eliminating spurious results, 444 appropriate studies were assessed for 

eligibility. I read full text of all the remaining articles to determine their suitability to be included in 

the database, resulting in 170 eligible studies for the synthesis of vertebrate pollinator database 

(Figure 2.1). I reviewed literature written in English only because I am incompetent in other 

languages, therefore, I might underrepresent the overall published studies.  

These studies altogether provided 149 vertebrate pollinator species (119 bird, 14 mammal, and 

16 reptile), resulting in a total 1,554 vertebrate pollinator species for the analysis (i.e., Regan et 

al.’s (2015) extant vertebrate species 1,405 (1,069 bird and 336 mammal) + Kallivalappil’s extant 

vertebrate species 149 (119 bird, 14 mammal, and 16 reptile)) (Table 2.1). 

Table: 2.1: Vertebrate pollinator selection criteria and total species recorded by Regan et al. (2015) 

and Kallivalappil. Detailed information provided on number of species in each category after 

cleaning the data.    

 Regan et al. (2015) Kallivalappil Total 
extant 
species 

Group Criteria No. of species Criteria No. of 
species 

Bird Included all species 
in the families 
Coerebidae, 
Meliphagidae, 
Mohoidae, 
Nectariniidae, 
Promeropidae, 
Trochilidae, and 
Zosteropidae, plus 
selected species of 
other families 
including Fringillidae, 
Icteridae, 
Psittacidae, and 
Thraupidae, drawing 
on descriptions of 
foraging behaviour 
and diet. 

1089 (before 
cleaning 
dataset). 
 
Current extant 
species 1069 
(after cleaning; 
extinct species = 
17, taxonomic 
change = 2, 
unrecognized 
species = 1). 

I defined a pollinator 
species based on 
descriptions of 
foraging behaviour 
such as contact with 
reproductive 
structures with their 
throat, breast, or 
beak and diet, or 
reported carry 
pollens as per the 
data suggestion 
(Example: 
experiments show 
fruit/seed set 
formation followed by 
pollinators visit). 

119 1,188 
(1069+119) 

Mammal Included species that 
have been regularly 
observed sucking or 
licking flowers’ 
nectar, or carrying 
pollen load on fur, or 
in the case of bats, 
those that are 

344 (before 
cleaning 
dataset). 
 
Current extant 
species 336 
(after cleaning; 
extinct species = 

I considered a 
pollinator species 
based on the 
descriptions of 
foraging behaviour 
such as regularly 
observed sucking or 
licking flowers’ nectar 

14 350 
(336+14) 
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predicted to be 
pollinators based on 
their tongue 
morphology. 

2, taxonomic 
change = 3, 
species 
repeated = 3 
species twice) 

and diet, or carrying 
pollen load on fur 
(Example: 
experiments show 
fruit set formation 
followed by 
pollinators visit). 

Reptile ---- ---- I defined a pollinator 
species based on 
descriptions of 
foraging behaviour 
such as contact with 
reproductive 
structures with their 
throat or snout and 
diet, or reported 
carry pollens as per 
the data suggestion 
(Example: 
experiments show 
fruit/seed set 
formation followed by 
pollinators visit). 

16 16 

 

 

 

Figure 2.1. Preferred Reporting Items for Systematic Review and Meta-Analysis flowchart 

(PRISMA), summarizing the sequence of information gathering and selection of vertebrate 

pollinator studies. 
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The dataset contains multiple forms of information from taxonomy (class, order, family) to the 

habitat details of each species (Table 2.2). Subsequently, I subset the pollinator species that 

have been recorded as pollinators in India from the global dataset (appendix I). 

Table 2.2: A summary of information available in the global database. 

 

 

Conservation 

status 

Data 

Deficient 

Least 

Concern 

Near 

Threatened 

Vulnerable 

41 1,234 91 91 

Endangered Critically 

Endangered 

  

63 34   

 

Population 

trends 

Stable Decreasing Increasing Unknown 

623 526 76 329 

 Bird Mammal Reptile  

Body mass 1,003 333 3  

Litter/clutch 

size 

714 273 14  

Use and trade 700 116 3  

Maximum 

longevity 

256 176 13  

Threat 

reasons 

247 172 4  

 

2.2 Indian vertebrate-pollinated plants dataset  

I identified studies for Indian vertebrate-pollinated plant species by searching the Google Scholar 

database (search date from January 2017 to February 2018) and tracking references given in the 

retrieved articles. I also used the biodiversity heritage library to retrieve articles for Singh, 1929; 

Ali, 1931; McCann, 1931, 1933 and Davidar, 1985 using the authors’ name and year of 

publication. Using possible combinations of search terms from three groups, (1) vertebrate, bird, 

mammal, bat; (2) pollination, flowers, plant; (3) India, interaction, reproduction, my initial search 

in Google Scholar retrieved 1,800 articles. After removing spurious results, 105 appropriate 

studies were assessed for eligibility. I read full text of all the remaining articles to determine their 

suitability to be included in the database, resulting in 46 eligible studies for the synthesis of 
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vertebrate-pollinated plant database (Figure 2.2). I identified a vertebrate pollinated plant species 

as one that had been exposed to a vertebrate pollinator’s visit for drinking nectar or eating pollen, 

thus, the visitor’s head, beak or mouth made contact with the plant’s reproductive parts, or 

produce fruit/seed by pollinator exclusion experiments or pollinator effectiveness test (identifying 

true pollinator/s). I reviewed literature written in English only for reasons stated above. The 

literature search yielded 78 plant species for the analysis. 

 

 

Figure 2.2. Preferred Reporting Items for Systematic Review and Meta-Analysis flowchart 

(PRISMA), summarizing the sequence of information gathering and selection of vertebrate-

pollinated plant’s studies. 

 

Among these, 51 species were trees, 19 species were shrubs, seven species were herbs and 

one was a climber species. Most vertebrate-pollinated plant species are wild plants rather than 

main crop species. Among these, 38 plant species are used for medicinal purposes and 40 plant 

species are non-medicinal plants (data obtained from National Medicinal Plant Board, 

Government of India database). The dataset consists of multiple forms of information such as the 
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taxonomy (class, order, family), conservation status (Data Deficient, Least Concern, Near 

Threatened, Vulnerable, Endangered, Critically Endangered), population trends (Decreasing, 

Stable, Increasing, Unknown, provided by the IUCN), medicinal parts used (provided by National 

Medicinal Plants Board, Government of India), habit, annual production quantity, and available 

plant’s annual rate range of products.  

To assess the economic value of plants species, the data on economic value (in Indian Rupees; 

1 Indian Rupee = approximately 1 British Penny) and total annual production of plant parts 

(flowers, fruits, seeds, stem-bark, root, leaf) in metric ton (MT) have been extracted from the 

study “Medicinal plants in India: An assessment of their demand and supply” conducted by 

Goraya and Ved in 2017, under the National Medicinal Plants Board, Government of India, and 

Indian Council of Forest Research Education, Government of India. The annual economic value 

of each plant was based on the total sum of plant parts value used in a year. For example, the 

medicinally important plant species Acacia sinuata (Soapnut acacia) fruits are valued in the 

market, thus the annual economic value will be sum of this product. Whereas another medicinally 

important plant species Bombax ceiba (Cotton tree), its bark, fruit, flower, root, and gum are 

valued in the market. Therefore, the annual economic value will be the sum of the whole 

product’s value. For 8 plant species economic value and total annual production data were 

available. The remaining 70 plant species lack any form of economic assessment data (appendix 

II) 

2.3 Data quality checks 

2.3.1 Species taxonomy 

To avoid duplication of data via taxonomic names that may potentially change over time 

(example, with the development of molecular phylogenetics, thousands of species have been 

placed in different genera or even experienced changes to their specific scientific names), I used 

widely accepted biological repositories that keep vertebrate species updated, such as the birds 

database (Handbook of the birds of the world and BirdLife International 2017; 
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datazone.birdlife.org/species/taxonomy; Del Hoyo et al., 2014), mammal database (IUCN Red 

List mammal taxonomy; IUCN, 2018), and reptile database (www.reptile-database.org; Uetz et 

al., 2016) as the taxonomic authority for scientific names. For plants, I used widely accepted 

plant taxonomic database the World Flora Online (Miller and Ulate, 2017). 

2.3.2 Body size data collection 

Evidence had suggested that some species are more vulnerable to extinction because they have 

traits that make them prone to extinction (Davies et al., 2004). Therefore, it is important to 

explore the association between traits and extinction risk to protect species from the risk of 

extinction. It is not fully understood how different stressors interact with each other to produce a 

much higher proportion of threatened species (Brook et al., 2008; He et al., 2018). Thus, 

exploring the interaction of body mass and length in determining threat is important. 

I collected data on body mass, and body length from databases such as Handbook of the birds of 

the world (Del Hoyo et al., 2014), Walkers’ mammals of the world (Nowak, 1999), and animal 

diversity web (Dewey et al., 2010) respectively. But I also collected data from the articles and 

books (see similar methods, Feldman et al., 2016; Meiri, 2018; Pincheira-Donoso et al., 2021; 

Senior et al., 2021) for the species that do not have data in the above said databases and 

thereby increasing the statistical power. A detailed collection of references has been provided 

(Appendix III). For birds and mammals, I used the maximum measure of body size (body mass in 

grams and body length in millimetre, for birds: from head to tail length; for mammals: head and 

body length) because they are readily available and used in various extinction risk studies (Olden 

et al., 2007; Liu et al., 2017; Ripple et al., 2017; Pincheira-Donoso and Hodgson, 2018; 

Pincheira-Donoso et al., 2021). The measures extracted through the methods like mean/median 

can underrepresent the exact size to which species can grow, as these measures are usually 

extracted from a varying range of individuals of a corresponding species. In contrast, the 

measures of maximum size are typically extracted from the fully grown individuals of a 

corresponding species, providing a more robust measure.  
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2.3.3 Coordinate cleaning 

The species occurrence records consist of many latitude and longitudinal points. Sometimes 

these latitude and longitude values are reversely recorded, or sometimes a terrestrial species is 

wrongly recorded in the sea. Thus, it is important to clean the potentially wrong coordinates 

before the analysis. I used the R package CoordinateCleaner (Zizka et al., 2019) to clean the 

erroneous geographic coordinates in the occurrence collections. It identifies (flags out) the 

records assigned to country or province capitals/centroid, the sea, headquarters of the GBIF, 

urban areas or the location of the biodiversity institutions (museums, zoos, botanical gardens, 

universities), species outlier coordinates (faraway occurrence of a particular species/wrongly 

recorded species coordinates), duplicate records and invalid coordinates, helping eliminate them 

prior to preparation of distributional maps.  

2.3.4 Medical properties of plants 

The medicinal properties of each vertebrate-pollinated plant species have been confirmed from 

the database of National Medicinal Plants Board (NMPB), Government of India. 

2.4 Narrow and broad range categorization 

2.4.1 Extraction of Range maps 

Knowledge about species geographical distribution is important for effective conservation and 

decision-making (Merow et al., 2017). Range maps are fundamental for many broad-scale 

analyses in conservation biology (Ceballos et al., 2005; Orme et al., 2005; Jetz et al., 2007, 

2008). They are a measure of the species’ range limits (Runge et al., 2015; Rocha-Ortega et al., 

2020) and so are often used to estimate the geographic range of a particular species (Jetz et al., 

2008). Extent of occurrence (EOO) maps are the most widely used type of range map (Jetz et al., 

2008). They show “the minimum convex polygon drawn to encompass all the known, inferred, or 

projected sites of present occurrence of a taxon, excluding cases of vagrancy” (IUCN, 2001; Jetz 

et al., 2008). They are drawn by single experts or group of experts on the basis of original 
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records or the experts’ own assumptions about the geographical boundaries of a species 

distribution (Gaston, 1996; Hannah et al., 2005; Jetz et al., 2008; Merow et al., 2017). 

The geographical boundary varies between the species (Gaston, 1994). The smaller the 

geographic range, the higher the extinction risk (Cardillo et al., 2008; Sodhi et al., 2008; 

IUCN, 2018; Rocha-Ortega et al., 2020). With a view to explore the extinction risk among bird, 

mammal and reptile pollinators based on the range size, I retrieved extension of occurrence 

(EOO) maps of bird, mammal and reptile ranges from the IUCN Red List data portal 

(www.iucnredlist.org, accessed between 12-26/05/2021). For 1,162 bird, 348 mammal and 14 

reptile pollinator’s EOO maps were extracted from the IUCN database. Additionally, I extracted 

EOO maps for 26 bird (Anthochaera phrygia, Arachnothera everetti, Archilochus alexandri, 

Archilochus colubris, Campylopterus phainopeplus, Celeus grammicus, Charmosyna diadema, 

Chrysuronia oenone, Cynanthus latirostris, Discosura letitiae, Eriocnemis godini, Geothlypis 

tolmiei, Hylocharis cyanus, Hylocharis eliciae, Icteria virens, Lepidopyga coeruleogularis, 

Lepidopyga goudoti, Lepidopyga lilliae, Mniotilta varia, Psittirostra psittacea, Selasphorus rufus, 

Setophaga nigrescens, Sylvia hortensis, Thraupis bonariensis, Zosterops montanus) and 2 

mammal pollinators (Galerella pulverulenta and Mystacina robusta) from the map of life 

(www.mol.org; accessed on 24/05/2021) database (for details see Jetz et al., 2012) as the maps 

for these species were not available in the IUCN database (Table 2.3). For two reptile species, 

shapefiles were not available in either database, therefore, occurrence data were extracted from 

the GBIF database and shapefiles created (see method below). 

Table 2.3: Information on shapefile extraction for bird, mammal and reptile pollinator groups from 

the IUCN and MOL databases. IUCN stands for International Union for Conservation of Nature, MOL 

stands for Map of Life and GBIF stands for Global Biodiversity Inventory Facility. 

Shapefile extraction IUCN MOL GBIF Total species 

Bird 1,162 26 0 1,188 

Mammal 348 2 0 350 

Reptile 14 0 2 16 
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2.4.2 Creation of shapefiles 

Because of the lack of EOO maps in both the IUCN and MOL, I used GBIF point occurrences 

data to make EOO maps for two reptile species (Phelsuma ornata and Woodworthia maculatus). 

The data records for creating shapefiles for two reptile species were extracted from the GBIF 

data portal (www.gbif.org; accessed on 27/05/2021), covering 1950 to 2021. From the data, I 

removed machine-observation records, fossil records, unknown data records (for example, the 

source of records not mentioned whether they come from living specimen, human observation, 

literature, machine observation or fossil specimen in the database) and non-georeferenced 

records. Biodiversity data often consist of erroneous coordinates; therefore, it needs to be 

cleaned before the analysis. I removed all records outside of the species range (i.e., species 

outliers or faraway coordinates) and in the sea (coordinates recorded in the sea) using R 

package CoordinateCleaner (Zizka et al., 2019) before creating shapefiles. I used cleaned 

species coordinates such as longitude and latitude to display the known spatial distribution of 

species. Using the function convex hull from the package sp (Bivand et al., 2013) I created a 

minimum convex polygon surrounding all occupied points of the species and intersected these 

species polygons that were projected out of the terrestrial boundaries (projecting into sea) using 

the function intersection from the same package. Hence, I created EOO shapefile for both 

species. 

2.4.3 Estimating Range Size 

Both IUCN and MOL expert maps consist of various information such as species presence 

(extant, extinct, presence uncertain), origin (native, introduced, vagrant) and seasonality 

(resident, breeding non-breeding, passage). Spatial data were imported using the R package 

raster (Hijmans, 2021). Originally in polygon format I reprojected each map into Lambert 

azimuthal equal-area projection using the function transform from the package sf (Pebesma, 

2018) before the analysis. Compared to other equal-area approaches this method has minimal 

distortion and deviation in area (White et al., 1992). I calculated EOO as the area (Km2) of a 

minimum convex polygon surrounding all occupied territory of each species using the R statistics 
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software (R Development Core Team, 2020). By excluding invasive (introduced) and vagrant 

ranges (species is recorded once or sporadically), I considered a species range size is the sum 

of the native resident, native breeding and native non-breeding ranges of the species.  

2.4.4 Segregation of narrow and broad ranged species 

After range size estimation, species were categorized into range size quartiles (see publications 

Jetz and Rahbek, 2002; Szabo et al., 2009; Geng et al., 2012). There are total four quartiles (for 

example, 25, 50, 75 and 100%). The species’ ranges falling in the first quartile (<25%) are 

considered as narrow ranged (for bird < = 25%) and the species’ ranges fall above this quartile 

(>25%) are considered as broad ranged species. The analysis is performed for bird, mammal, 

and reptile pollinators. As a result, the bird group contains 298 narrow and 890 broad ranged 

species, the mammal group 88 narrow and 262 broad ranged and the reptile group 4 narrow and 

12 broad ranged species. These categorized species were used for further analysis in the 

chapters. 

2.5 IUCN Red List Categories 

It is necessary to have detailed information on trends and status of species for conservation 

planning and appropriate management decisions. The IUCN (International Union for 

Conservation of Nature; www.iucn.org) is recognised as the international authority for monitoring 

the current status of biological diversity, relevant to all species and all regions of the world 

(Rodrigues et al., 2006; Zamin et al., 2010). The aim of IUCN Red Listing is to evaluate the risk 

of extinction of a species using a comparable, revisable, transparent, and objective assessment 

methods. The Red List contains a careful assessment of the conservation status of species along 

with their current and past population changes and predicted developments in future (Dahlberg 

and Mueller, 2011). Therefore, the IUCN Red List of threatened species serves as an important 

tool for implementing national, regional, and global priorities for conservation actions.  
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It has total of nine categories, from Not Evaluated, through Data Deficient, Least Concern, Near 

Threatened, Vulnerable, Endangered, Critically Endangered, to Extinct in the Wild and Extinct. 

The main criteria are outlined in Tables 2.4 and 2.5. 

 

Table 2.4: Summary of IUCN Red List categories and criteria. 

Not Evaluated 

(NE): 

The species has not yet been evaluated against the criteria. 

Data Deficient 

(DD): 

There is inadequate information to make assessment of the species risk of 

extinction based on its distribution and population trends. 

Least Concern 

(LC): 

The species has been evaluated against the criteria and does not qualify for VU, 

EN, CR or NT. The species in this category are normally widespread and 

abundant. 

Near Threatened 

(NT): 

It has been evaluated against the criteria and does not qualify for VU, EN or CR. 

But it is close to qualifying for a threatened category in the near future. 

Vulnerable (VU): The best available evidence indicates that it meets any of the criteria A to E for 

VU, and it is therefore considered to be facing a high risk of regional extinction. 

Endangered 

(EN): 

The best available evidence indicates that it meets any of the criteria A – E for 

EN, and it is therefore considered to be facing a very high risk of regional 

extinction. 

Critically 

Endangered 

(CR): 

The best available evidence indicates that it meets any of the criteria A – E for 

CR, and it is therefore considered to be facing an extremely high risk of regional 

extinction. 

Extinct in the 

Wild (EW): 

It indicates that species is extinct in the wild but known only to survive or live in 

cultivation, in captivity or as a naturalized population outside the past range. 

Extinct (EX): The species is extinct and there is no reasonable doubt that the last individual has 

died. 
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Table 2.5: Summary of the five criteria (A-E) used to evaluate if a taxon belongs in a threatened category 

(Critically Endangered, Endangered or Vulnerable), IUCN 2019. 

 
Criteria 

Critically 
Endangered 

 
Endangered 

 
Vulnerable 

 
A 

Population reduction (Reduction 
measured over 10 years or 3 
generations) 

 
> 90% 

 
> 70% 

 
> 50% 

 
 
 

B 

Geographic range  
(B1 - Extent of occurrence) 

 
< 100km2 

 
< 5,000 km2 

 
< 20,000 km2 

 
(B2 - Area of occupancy) 

 
< 10 km2 

 
< 500 km2 

 
< 2,000 km2 

 
C 

Small population size and 
decline (Mature individuals) 

 
< 250 

 
< 2,500 

 
< 10,000 

 
D 

 
Very small or restricted 
population (Mature individuals) 

 
< 50 

 
< 250 

 
< 1,000 

 
 
 

E 

 
 
Quantitative Analysis (Indicating 
the probability of extinction in the 
wild to be: 

 
≥ 50% in 10 
years or 3 
generations, 
whichever is 
longer (100 
years max.) 

 
≥ 20% in 20 
years or 5 

generations, 
whichever is 
longer (100 
years max.) 

 
 

≥ 10% in 100 
years 

 

The IUCN criteria are designed for global species assessment, though the criteria are widely 

used at local, national, and regional level. However, it must be realized that a global category 

may not be the same as a national or regional category for a taxon. For instance, the species 

categorised as Least Concern globally might be Critically Endangered within a 

country/region/area where the numbers are very small or declining. In contrast, a species 

categorised as Vulnerable globally based on declines in numbers or its range, but within a 

particular region or an area their population may be stable and may fall in the criteria Least 

Concern without meet the criteria for vulnerable (IUCN, 2001). 

Therefore, the species will pass through this scale based on its risk of extinction. For example, 

suppose a species moved from Least Concern to Critically Endangered, it means the species 
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faces higher risk of extinction. Similarly, the species can move back from Critically Endangered to 

Least Concern when the conservation actions become successful. For example, when species 

recover from the extreme population loss and increase its population. 

 

 

Figure 2.3. The various IUCN Red List categories and extinction risk scale. Source www.iucn.org 

 

Despite above mentioned categories, the IUCN further categorises species into threatened and 

non-threatened based on species Red List status. The non-threatened group includes Least 

Concern and Near Threatened categories. Threatened group includes Vulnerable, Endangered, 

and Critically Endangered categories (Figure 2.3). 

2.6 Assessing the extinction risk of the world’s and Indian 

pollinators 

One of the major roles of conservation planning is to identify the threat among the species and 

document systematically to mitigate the risk of future extinctions. With the aim of documenting 

the threat among global pollinators and Indian pollinators I categorized species into threatened, 
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non-threatened and Data Deficient as per the IUCN categories and employed the IUCN 

‘consensus approach’ explained below (Clausnitzer et al., 2009; Hoffmann et al., 2010; Böhm et 

al., 2013). I calculated the proportions of threatened (CR, EN, VU) species by assuming that 

Data Deficient species will fall into these categories in the same proportion as non-Data Deficient 

species. As per the formula: Propthreat = (CR + EN + VU)/(N – DD), where N is the total number of 

species in the sample per category, CR, EN and VU are the numbers of species in each of the 

above IUCN categories, and DD is the number of species in the Data Deficient category. 

However, there is uncertainty associated with the assumption that DD species will fall across 

threatened categories in similar proportions and thus, future assessments of these species may 

result in an alteration of these estimates (Böhm et al., 2013). Therefore, to counterbalance 

potential uncertainties, I calculated the upper and lower bounds of the degrees of threatened 

species by assuming that (i) no DD species fall into one of the threatened categories [lower 

margin; Propthreat = (CR + EN + VU)/(N)], and that (ii) all DD species fall into a threatened 

category [upper margin; Propthreat = (CR + EN + VU + DD)/(N)] (Böhm et al., 2013). I estimated 

the extinction risk for birds, mammals, reptiles, various families, and geographic realms of each 

group. The information produced by this method is highly useful to assess the proportion of 

threatened pollinators globally, regionally, or locally also within each group. Therefore, this helps 

for the proper conservation of threatened pollinators, and future policy implementation and/or 

amending the existing policies. 

2.7 Species occurrences data & richness maps of pollinators 

2.7.1 Point data collection 

Mapping of species distribution is one of the fundamental goals of macroecology for both basic 

and applied purposes. It has many applications in conservation of species particularly when the 

intention is to identify the vulnerable organisms and regions of species extinction. Mapping a 

species’ distribution is usually done by using known occurrence data that is collected from 

various scientific sources. The occurrence data for 253 vertebrate pollinator species, (comprising 
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90 and 69 globally threatened bird and mammal pollinators, and 80 bird and 14 mammal 

pollinators specifically for India. Of the 19 Indian mammal pollinators, 5 threatened mammals are 

part of the global threatened mammal species) and 74 (out of 78) plant species were explored 

using GBIF (www.gbif.org) and the India Biodiversity Portal (Indiabiodiversity.org; Vattakaven et 

al., 2016), free open access databases for biodiversity data. The occurrence data for mammal 

pollinators and plant species have been very poorly represented in these databases. Therefore, I 

collected an additional 136 occurrence records for 17 pollinator species and 26 occurrences 

records for 17 plant species from different published studies. A detailed reference has been 

provided (appendix IV).  

2.7.2 Process of making gridded richness map using convex hulls  

To create species richness maps, I used point occurrences data (longitude and latitude). Firstly, I 

set up a world map which provides the map of countries of the entire world (shapefile 

downloaded from www.igismap.com) using the function read from the R package sf (Pebesma, 

2018). Next, I created a 2x2 degree grid over the world polygon using the function make_grid 

from the package sf (Pebesma, 2018) and intersected it with the world map boundaries using the 

function intersect from the same R package. Next, I created convex hull polygons for each 

species by joining each species multipoint features using the function convex_hull from the 

above R package. Then, I spatially joined the convex hulls with the gridded world map using the 

function join from the sf package (Pebesma, 2018). Finally, I counted the number of overlapping 

polygons (i.e., species) for each grid cell, resulting in a species richness count. I used the R 

packages ggplot (Wickham, 2016) and sf (Pebesma, 2018) to visualize the gridded species 

richness patterns (Figure 2.4). The same method was used to create maps for India but using 

1x1 degree grid cell sizes. 
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Figure 2.4. Graphical representation of species richness map making steps. (a) Displaying species 
locality data, (b) making convex hulls of species, (c) gridding and intersecting across the world 
map (d) gridded richness for convex hulls. 

 

2.7.3 Richness maps 

I created two species richness maps for globally threatened bird and mammal pollinators 

(Chapter - 3), 5 richness maps for Indian pollinators - richness map of bird, mammal, bird-

decreasing, mammal-decreasing, and threatened mammal, there is no bird pollinator threatened 

in India (Chapter - 4), and 3 richness and 19-point occurrences maps for vertebrate pollinators, 

vertebrate-pollinated plants and bat species (Chapter - 5). However, I did not make richness map 

for reptiles (a global map) as there were only two threatened reptile species - Podarcis lilfordi in 

Balearic Islands and Toropuku stephensi in New Zealand. 

2.8 Statistical analyses 

All statistical analyses and mappings were performed in R, version 4.0.3 (R Development Core 

Team, 2020). 
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3 Chapter 3: How threatened are global vertebrate 

pollinator species? 
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3.1 Abstract 

Pollination plays a key role in the functioning of ecosystems globally. The endangerment and 

extinction of pollinator species are predicted to cause harmful effects and collapse the complex 

ecological networks. A large proportion of the human diet depends directly or indirectly on animal 

pollination. Both invertebrates and vertebrates pollinate a variety of angiosperms. While much 

research has been focused on insect pollinators, the role of vertebrate pollinators is not as widely 

recognized. Vertebrates pollinate a variety of plants including economically important crop 

species in tropical countries. Therefore, declining pollination services in these tropical cultivated 

goods may result in substantial losses in revenue. Here, I present a global scale study of the 

endangerment level of bird, mammal and reptile pollinators using the IUCN extinction risk 

assessment method. The potential pollinator species have been identified from various primary, 

peer-reviewed literature sources, compiling a dataset consisting of 1,554 vertebrate pollinator 

species across the planet. The results show asymmetric patterns of threat within the vertebrate 

groups. Mammals were highly threatened relative to birds and reptile pollinators, though, there 

were large-scale population declines experienced across all pollinator groups. The narrow 

ranged pollinators experienced a higher degree of threat and population decline relative to broad 

ranged pollinators. Hotspots of threat for pollinators are shown in the Andes of South America, 

Madagascar, and south-eastern Australia. The interactive effect of body mass and body length 

and significant phylogenetic signal along with various external anthropogenic factors show the 

extinction risk in pollinators are a combined effect of both intrinsic biological traits and extrinsic 

anthropogenic factors across multiple scales. 
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3.2 Introduction 

Pollination is an important ecological interaction underlying the stability of ecosystem functioning 

on Earth (Memmott et al., 2004, 2007; Machado and Sazima, 2008; Gomes et al., 2014; Martins 

et al., 2015; Ratto et al., 2018). In fact, most of the global diversity of flowering plants has 

proliferated via coevolutionary interactions with animal species that pollinate them (Darwin, 1889; 

Grant, 1949; Stebbins, 1970; Kiester et al., 1984; Coyne and Orr, 2004). The widespread 

evolution of animal-plant pollination systems is responsible for an important part of the ecological 

and evolutionary processes shaping global biodiversity. 

Both birds and bats are common pollinators in the warmest regions of the world, especially in 

tropical and subtropical areas, where they provide important ecosystem services through 

pollination and seed dispersal of wild and economically important plant species (Nabhan, 1996; 

Anderson, 2003; Bumrungsri et al., 2008, 2009; Hernández and Salazar, 2012; Aziz et al., 2017). 

The dependence of plants on vertebrate pollinators is higher in the tropics than at higher latitudes 

(Ratto et al., 2018). They are necessary to maintaining the tropical forests across the world, 

especially on islands (Marshall, 1985; Cox et al., 1991; Elmqvist et al., 1992). However, reptiles 

are good pollinators in island ecosystems particularly where there are fewer insect or other 

vertebrate pollinators, and it is often known as the island phenomenon (Olesen and Valido, 

2003). 

The economic value of pollination services for invertebrate groups has been well documented. In 

the United States, in 2004, insect pollination services were estimated to be worth $150 million 

annually (Burgett et al., 2004). In 1998, the value of honeybees and bumblebees as pollinators of 

major selected UK crops was estimated to be £172 and £30 million for outdoor and glasshouse 

crops respectively (Carreck and Williams, 1998). To UK agriculture, the value of pollination 

services was estimated to be £430 million per annum in 2011 (Smith et al., 2011), whilst the 

global estimate of pollination services was €153 billion (Gallai et al., 2009). In contrast, the 

knowledge of the economic value of vertebrate pollination services is hampered by a lack of 

formal studies, and very little knowledge exists about the potential consequences of declining 
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vertebrate pollinator diversity on plants and ecosystems (Muchhala and Thomson, 2010; Ratto et 

al., 2018). 

A current critical environmental issue is the loss of biodiversity. Biodiversity is declining 

worldwide, and scientists are concerned with the global decline of pollinators in particular 

(Thomas et al., 2004; Potts et al., 2010; Cameron et al., 2011; Goulson et al., 2015). The 

evidence suggests that current extinction rates are 100 to 1000 times higher than the background 

rates (May et al., 1995; Pimm et al., 1995; Leakey and Lewin, 1997; Baillie and Cokeliss, 2004; 

Dirzo et al., 2014). The loss of species will further accelerate changes in ecosystem functioning, 

hence, causing detrimental impacts in the persistence and sustainability of biodiversity across the 

world (Cardinale et al., 2012; Hooper et al., 2012; MacDougall et al., 2013). 

Identifying and understanding species extinction and the associated factors which drive them to 

higher extinction risk are central to conservation science, specifically in the Anthropocene. 

Extinction risk is generally determined by two factors: i) intrinsic biological traits and ii) external 

anthropogenic threats (Sodhi et al., 2008). Though information is sparse on how these risks act 

upon on vertebrate pollinators at large-scales, a recent study has shown that the smallest and 

largest bodied vertebrate species have higher extinction risk across the world (Ripple et al., 

2017). But Pincheira-Donoso and Hodgson (2018) found that this was not true for amphibians 

where large-bodied amphibians are not vulnerable to extinction. Though this subject is still under 

debate. The intensity of threat varies geographically (Cardillo, 2003) and the species that inhabit 

more heavily impacted regions are expected to face a higher risk of extinction (Forester and 

Machlis, 1996; Woodroffe, 2000; Brashares et al., 2001; Ceballos and Ehrlich, 2002).  

Currently, there is no accurate estimate of the threat to vertebrate pollinators worldwide. Studies 

on pollinator declines usually focus on specific regions, for example North America (Cane and 

Tepedino, 2001; Cameron et al., 2011; Burkle et al., 2013), Europe (Biesmeijer et al., 2006; 

Kosior et al., 2007; Keil et al., 2011; Ollerton et al., 2014; Powney et al., 2019), South America 

(Morales et al., 2013), Asia (Williams et al., 2009), South Africa (Pauw, 2007) or focus specifically 

on agriculture by estimating species richness or abundance (Holzschuh et al., 2008, 2016). It 
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mostly neglects the conservation perspective to assess pollinator declines. Thus, documenting 

pollinator biodiversity and decline at a global scale is important in the changing environment to 

establish effective conservation measures, strategies, and policies for human wellbeing.  

Regan et al. (2015) used the IUCN Red List index method to document bird and mammal 

pollinator extinctions, finding that both groups are increasingly threatened with extinction over 

time. They report each year, on average, 2.5 species moving one Red List category closer to 

extinction. However, they did not consider relatedness between pollinator species. The presence 

of phylogenetic signals in bird and mammal pollination would indicate that related species are 

acting as pollinators. If extinction risk is largely clustered among certain taxa of bird and mammal 

pollinators, then there is a chance for greater loss of pollinator diversity. This can affect 

pollination services provided by specific taxa. In addition, Regan et al. (2015) did not separately 

address population decline, the effects of range size, or geographic clustering in extinction risk. 

With a view to updating and expanding the analyses of Regan et al. (2015), I developed a new 

vertebrate pollinator dataset that expanded the dataset of Regan et al. (2015) by identifying and 

incorporating new pollinator species from the published studies. I then used this dataset to ask: 

(I) What proportion of bird, mammal and reptile pollinators are threatened globally? 

(II) How does the pattern of pollinator declines differ across taxa? 

(III) How does body size predict threat and population? 

(IV) How do phylogenetic relationships influence the risk of pollinator extinction? 

(V) How do external factors threaten pollinator biodiversity? 
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3.3 Materials and Methods 

The database of pollinators used in this chapter was compiled as described in Chapter 2 – 

General Methods, where further details can be found. 

3.3.1 Assessing extinction risk and population decline in the pollinators and 

generalist species 

To compare threat status between pollinator groups and generalist species. An extant 10,983 

bird, 5,768 mammal, and 7,608 reptile species Red List and population trend data were extracted 

from the IUCN database. To assess the extinction risk of bird, mammal and reptile pollinators I 

used 1,188 bird, 350 mammal and 16 reptile species IUCN Red List status. The assessment was 

carried out as described in Chapter 2. To explore the significant differences in extinction risk and 

population decline between generalist species and pollinator species, I used a proportion test in 

R statistical software (R Development Core Team, 2020). It is commonly used for testing 

relationships or differences between categorical variables. This test is suitable for larger sample 

sizes (>300). The Chi-Square helps to compare whether the higher threat or decline in one group 

is just random chance or not. It helps to test whether all species are declining more than 

pollinator species or not. To find the extinction risk and population decline in broad and narrow 

ranged species, detailed information on categorisation of species, based on the geographic 

range size, has been provided in the Chapter 2 – General Methods. Similarly, to find the 

extinction risk and population decline of pollinators as per the biogeographic realms, information 

on each species biogeographic range has been taken from the IUCN database. Some species 

can have ranges in more than a single biogeographic realm. 

3.3.2 Pollinator threat and population decline in the smallest and largest families 

To know whether families with few species of pollinators are more threatened or experiencing 

greater population declines than families with large numbers of pollinator species, I performed a 

correlation with the total number of species in each family of bird and mammal against the 

percentage of threatened or declining population from the corresponding families. For the threat 
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and population decline, the major 8 families from bird and 6 from mammal pollinator groups were 

used. However, I did not consider reptiles for both analyses because of few numbers of species 

in each family.  

3.3.3 Class predicts pollinators threat and population decline 

To understand whether class predicts the pollinator threat, I employed a binary logistic regression 

model. For the analysis, I tested class as predictor/independent variable (1 - bird, 2 - mammal) 

with threat status (1 - threatened, 2 - non-threatened) or the population trends (1 - decreasing, 

2 - stable or increasing) of pollinators as the response/dependent variable. For threat and 

population trends analysis, 1,503 and 1,219 pollinator species were used after removing the Data 

Deficient and Unknown species.  

3.3.4 Range size predicts pollinators threat and population trends 

To understand whether range size predicts the threat status or population trends, I employed a 

binary logistic regression model. For the test, I tested range size as predictor variable (1 - narrow 

ranged, 2 - broad ranged) with threat status (1 - threatened, 2 - non-threatened) or the 

population trends (1 - decreasing, 2 - stable or increasing) of pollinators as the response 

variables. For the threat and population trends analysis, 1,181 and 977 birds and 322 and 242 

mammal pollinator species were used after removing the Data Deficient and Unknown species. 

3.3.5 Richness map of threatened global pollinators 

To create maps of threatened bird and mammal pollinators, the occurrence data for 90 bird and 

69 mammal pollinators were explored (out of 107 and 79 threatened bird and mammal pollinator 

species) from GBIF (Global Biodiversity Information Facility) and IBP (India Biodiversity Portal; 

Vattakaven et al., 2016). Among these, 17 bird (Charmosyna diadema, Charmosyna toxopei, 

Chlorodrepanis stejnegeri, Coelegena consita, Elaenia ridleyana, Eos histrio, Eriocnemis 

isabellae, Magumma parva, Myzomela chermesina, Trichoglossus forsteni, Trichoglossus 

rosenbergii, Trochalopteron jerdoni, Vini ultramarina, Zosterops albogularis, Zosterops 

griseovirescens, Zosterops modestus, Zosterops nehrkorni) and 10 mammal pollinators lacked 
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distributional data (Myonycteris brachycephala, Mystacina robusta, Pteropus aldabrensis, 

Pteropus aruensis, Pteropus faunulus, Pteropus fundatus, Pteropus pohlei, Pteropus pselaphon, 

Pteropus rodricensis, Pteropus ualanus). The mapping was then performed separately for birds 

and mammals. Reptiles were not mapped as there were only two species recorded as threatened 

from the Balearic Islands in Spain (Podarcis lilfordi) and New Zealand (Toropuku stephensi). 

Mapping was carried out as described in Chapter 2. 

3.3.6 Predicting extinction risk of pollinators 

Evidence shows that body size is an important predictor of extinction risk (Olden et al., 2007; 

González-Suárez et al., 2013; Chichorro et al., 2019). To test the effect of body mass and body 

length on threat status. I used the logistic regression method (package jtools; Long, 2019). The 

Binary Logistic Regression Model (BLRM) is a version of multiple regression with an outcome or 

dependent variable that is a categorical variable and predictor or independent variables that can 

be continuous or categorical in nature. This approach allows us to predict the probability of 

encountering a given categorical outcome based on the set of predictor variables used in the 

model. It is not necessarily true that species classified as ‘not threatened’ are safe (Schipper et 

al., 2008), because many Least Concern species can experience large scale population declines 

(Morrison et al., 2007; Schipper et al., 2008). I used the same method to assess the effect of 

body mass and body length on population trends of pollinators. This would help to take 

appropriate conservation initiatives to protect species. 

For threat status, I tested body mass and body length as a predictor variables with threatened 

status (1 - threatened, 2 - non-threatened) or the population trends (1 - decreasing, 2 - stable 

or increasing) of bird and mammal pollinators as the response variables. Due to the poor 

representation of species from the category ‘Increasing’ (bird = 63 species and mammal = 4 

species) I decided to combine this category with the category Stable in the analysis. Data 

Deficient and Unknown species were not considered for analysis. Body length and mass were 

log transformed prior to analysis. For threat status, 1,004 bird and 221 mammal pollinator 
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species were used in the analysis after removing species without body size and conservation 

status data. There was insufficient body size data for reptile pollinators to perform statistical 

analyses (the body mass data were available for only a single species among the two threatened 

species, and 6 species out of 16 were Data Deficient). For population trends a total of 827 bird 

and 167 mammal pollinator species were used in the analysis. Similarly, because of insufficient 

body size and population trends data, I did not perform analysis for the reptile pollinator group 

(where 10 species were Unknown, 5 species were Stable, and 1 species was Decreasing). 

The interaction between body mass and body length was included in each model and model 

simplification carried out by comparing models with non-significant terms removed using ANOVA. 

For visualization of the effects of the body mass and body length on threat status or population 

trends, data were plotted as thin plate splines using the package fields (Nychka et al., 2017) in R. 

3.3.7 Phylogenetic Signal analysis in pollination and extinction risk 

Phylogenetic signal is a core of modern phylogenetic analysis and is a measure of the extent to 

which species resemble each other in trait values as a function of how closely related they are 

phylogenetically – species that share common ancestors are by default expected to be more 

similar among them than they are to species with which they do not share a common ancestor 

(Blomberg et al., 2003; Paradis et al., 2004; Münkemüller et al., 2012). Hence, the phylogenetic 

signal increases when similarities among a given trait increase with phylogenetic relatedness and 

it decreases with decreasing relatedness in species traits. 

3.3.7.1 Phylogenetic Signal in pollination 

To test for a phylogenetic signal in pollination I extracted a phylogenetic tree for 8,117 bird and 

5,333 mammal species from the published studies of Jetz et al. (2012) and Upham et al. (2019). 

For birds, the trees were subsampled and pruned from birdtree.org on 30/06/2021 and for 

mammals from the vertlife.org on 28/06/2021. The downloaded trees were in newick format 

therefore I transformed them to nexus format by using the R package ape (Paradis and Schliep, 

2019) for easy data handling (to obtain the phylogenetic relatedness among species in order to 



69 
 
 

provide categorical codes). Next, I codified each species of bird and mammal groups into 

pollinator and non-pollinator (1 – pollinator or 2 – non-pollinator). 

3.3.7.2 Phylogenetic Signal in extinction 

To analyse the phylogenetic signal in pollinator extinction I downloaded tree data for birds and 

mammals (reptiles were not considered due to lack of proper conservation status) from the same 

source mentioned above. I categorised each species of birds and mammals into threatened and 

non-threatened. Each category was codified as above (1 - threatened or 2 - non-threatened), 

however, to consider the uncertainty associated with Data Deficient species which may fall in any 

category (threatened or non-threatened), I either considered all Data Deficient species as 

threatened, to estimate the upper bounds for threat status, or as non-threatened to estimate the 

lower bounds. I did not consider Data Deficient species to estimate the current level of threat 

status. For birds, I used a sample size of 934 birds for current status and 940 for upper and lower 

status (total species 1,188). For mammals, I used 310 mammals for current status and 334 for 

upper and lower status of threat (total species 350). Because of the small sample size, reptile 

species were not considered for the analysis and the two threatened reptile species are from 

different families. 

For analysing phylogenetic signal in the discrete trait, I used phylo.signal.disc function (a 

phylogenetic permutation test written by E.L. Rezende, script available in the supplementary 

material of Bascompte et al., 2019) and estimated the phylogenetic signal associated with 

species, that is, trait similarity among species associated with phylogenetic relatedness or how 

lineages resemble each other in trait values (Losos, 2008), based on the minimum number of 

character state changes (the character is the categorical variable assigned to each tip (species) 

of the phylogeny. It is either ‘threatened’ or ‘non-threatened’ or ‘Decreasing population’, ‘Stable 

population’ or ‘Increasing population’) across the tree (Maddison and Slatkin, 1991). Thus, I 

considered each species to have a single character state. If related species have similar 

characteristics, the number of character state changes will be lower than expected at random 

(Maddison and Slatkin, 1991). The minimum number of changes was compared to a distribution 
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of 999 random numbers of changes, which were obtained by swapping the trait states across the 

tips of the tree or permutation (Maddison and Slatkin, 1991).  

Using the same procedure, I performed phylogenetic signal for population trends. I codified each 

category as 1- Decreasing, 2 - Stable, and 3 - Increasing, excluding the category Unknown, 

using 756 bird and 238 mammal pollinators for the analysis. As for threat, reptile pollinators were 

not analysed due to small numbers. 10 reptile species lacked population trends data, and of the 

available 6 species, 5 species were from the same family and 1 species was from another. 

3.3.8 Extrinsic threat and use and trade 

The data on various types of extrinsic threat factors and use and trade for pollinators were 

explored from the IUCN database. The threat data (for both threatened and non-threatened 

species) have been explored for 248 bird, 172 mammal, and 4 reptile pollinators. The use and 

trade data were explored for 700 bird, 116 mammal, and 3 reptile pollinators. I used the 

proportion test to know the differences between bird and mammal pollinators in terms of the 

number of species facing threat in each category. The same analysis performed for use and 

trade of pollinator groups. 

3.3.9 Threat in the lightest and heaviest bodied pollinators 

It is well known that not all taxa are equally vulnerable to extinction as different taxa are 

threatened by different mechanisms (Owens and Bennett, 2000). Studies have shown that body 

size and threat type vary, with larger bodied species mainly being threatened from 

overexploitation and human persecution, whilst smaller bodied species suffer from habitat loss 

and degradation (Owens and Bennett, 2000; Olden et al., 2007; González-Suárez et al., 2013; 

Ripple et al., 2017). With an aim to explore threat differences in the lightest and heaviest bodied 

pollinators, I categorised all threatened pollinators into 20% lightest and 20% heaviest bodied 

bird, and mammal pollinators. A similar method was used by Ripple et al. (2017) for global 

vertebrate species. For the analysis, 42 bird (21 lightest and heaviest bodied pollinators out of 

107), and 32 mammal (16 lightest and heaviest bodied pollinators out of 79) pollinators were 
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used. I did not consider reptiles because of insufficient data (two species only threatened out of 

16). I used Fishers Exact test to test the differences between the lightest and heaviest pollinators 

in terms of number of species facing each threat (for example agriculture, biological resource 

use, climate impact, respectively). This test basically is used when the sample size is small. 

3.3.10 Predicting hunting and pet status in the lightest and heaviest pollinators 

To understand the types of pollinators mainly vulnerable to hunting, I used binary logistic 

regression model. For the analysis, I tested body mass as predictor/independent variable with 

hunting status (1 - hunting, 2 - non-hunting) of pollinators as response/dependent variable. For 

the analysis, 42 bird, and 31 mammal pollinators were used. The body mass was log transformed 

prior to the analysis. 

Additionally, to explore the use of hunted pollinators in the food and pet industries. I used the 

same model. For the analyses, I tested body mass as the predictor variable with food status (1 - 

food, 2 - non-food) or pet status (1 - pet, 2 - non-pet) of pollinators as the response variable. 

For food status, the analysis was performed for mammal (31 species) pollinators only, due to 

insufficient data for birds (just 3 bird species were used for food out of 42 species). For pet 

status, 42 bird and 31 mammal pollinators were used. Body mass was log transformed prior to 

the analysis.  

3.3.11 Habitat of pollinators 

To assess the types of habitat where bird, mammal and reptile pollinators mostly occur, I 

explored habitat details for 1,178 bird, 333 mammal and 9 reptile pollinators from the IUCN 

database. Habitat information was lacking for 10 bird, 17 mammal and 7 reptile pollinators. 

3.3.12 Statistical analyses 

All statistical analyses and mappings were performed in R, version 4.0.3 (R Development Core 

Team, 2020). 
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3.4 Results 

3.4.1 Diversity of global pollinators 

The global vertebrate pollinators dataset shows the potential pollinator groups across the globe 

which actively engage in the reproduction of both wild and agricultural plants. Among the 

vertebrates, the primary groups of pollinating taxa are birds, mammals, and reptiles. I identified 

1188 bird (11 orders, 58 families), 350 mammal (10 orders, 36 families), and 16 reptile species (1 

order 6 families) as potential pollinators across the world (Figure 3.1 & 3.2).  

 

Figure 3.1. The number of pollinator species in bird, mammal and reptile group across the world. 
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Figure 3.2. Percentage of pollinator species from various families of (a) bird, (b) mammal and (c) 
reptile groups across the world. The given families indicate the major families of bird and 
mammal and all the small families are pooled as other. For birds if a family consists of 24 or 
more species then considered as major family. For mammals if a family consists of 11 or more 
species then considered as major family.  
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3.4.2 Threat status - Generalist species v/s pollinator species 

The assessment for generalist bird mammal, and reptile species shows that globally 14% of bird, 

25% of mammal, and 20% of reptile species are currently threatened with extinction when 

compared to 9% bird, 25% mammal, and 20% reptile pollinators (Table 3.1). There is significant 

difference in threat between the threatened generalist bird and pollinator birds (Table 3.2). This 

strongly suggests that generalist bird species are significantly more threatened than pollinator 

birds (Table 3.2; Figure 3.3). However, there were no significant differences in threat between the 

threatened generalist and pollinator mammal and reptile species (Table 3.2), showing that they 

are equally threatened. 

 

Table 3.1: Extinction risk of the world’s bird, mammal, and reptile species. 

  IUCN Conservation Status 

 

% Threatened 

Group DD LC NT VU EN CR N Threatened Lower Upper 

Aves 53 8427 1017 800 461 225 10983 13.60 13.53 14.01 

Mammalia 871 3306 345 537 506 203 5768 25.44 21.60 36.70 

Reptilia 1134 4750 412 485 536 291 7608 20.27 17.25 32.15 

 

 

Table 3.2: A comparison in threat status between threatened generalist and pollinator bird, mammal 

and reptile species across the world. Differences between generalist and pollinator species in 

terms of the number of species facing threat were tested with a proportion test. In each case the 

chi squared value is reported alongside the significance value where NS P>0.1; + P<0.1; * P<0.05; ** 

P<0.01, *** P<0.001. The Data Deficient species are considered as threatened and non-threatened 

for the upper and lower bound of threat but not considered for the current threat status. 
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Aves 13.59 9.06 18.80*** 13.53 9.01 18.90*** 14.08 9.6 16.68*** 

Mammalia 25.44 24.53 0.09 NS 21.60 22.57 0.06 NS 43.23 30.57 9.12 **  

Reptilia 20.27 20.00 0.00 NS 17.25 12.5 0.00 NS 38.60 50.00 10.64 **   
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Figure 3.3. The bar plot of threatened generalist and pollinator bird, mammal, and reptile groups. 
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3.4.3 Extinction risk of global pollinators 

The IUCN extinction risk assessment result revealed that the extinction risk faced by pollinator 

species are highly asymmetric among groups, with some groups being extremely threatened. 

Mammal pollinators are highly threatened (25% in the threatened category) relative to reptiles 

(20%) and birds (9%; Table 3.3; Figure 3.4). Mammalian pollinators are significantly more 

threatened than birds (Logistic regression: Class - estimate = 1.183, Z = 7.191, P = 0.001). 

Among the families of bird and mammal groups, the number of species in each family and the 

percentage of threat were not found to be correlated (Birds: r = -0.29, df = 6, N = 8, P = 0.49; 

Mammals: r = 0.37, df = 4, N = 6, P = 0.46).  

 

Table 3.3: Extinction risk of the world’s pollinators organized as major groups and broken down into 

major families within groups. 

  IUCN Conservation Status 
  

% Threatened 

Group DD LC NT VU EN CR N Threatened Lower Upper 

Aves 7 1006 68 43 39 25 1188 

 

9.06 9.01 9.6 

Trochilidae 2 301 20 11 19 9 362 10.83 10.77 11.33 

Meliphagidae 2 159 3 5 2 2 173 5.26 5.2 6.36 

Nectariniidae 1 109 7 4 3 0 124 5.69 5.65 6.45 

Zosteropidae 1 63 16 8 3 5 96 16.84 16.67 17.71 

Psittacidae 0 67 14 7 6 5 99 18.18 18.18 18.18 

Thraupidae 1 71 3 0 2 0 77 2.63 2.6 3.9 

Icteridae 0 43 1 2 0 1 47 6.38 6.38 6.38 

Fringillidae 0 16 0 4 1 3 24 33.33 33.33 33.33 

           

Mammalia 28 220 23 47 23 9 350 24.53 22.57 30.57 

Pteropodidae 14 56 9 26 10 3 118 37.5 33.05 44.92 

Phyllostomidae 10 86 7 5 5 1 114 10.58 9.65 18.42 

Muridae 0 11 0 0 0 0 11 0 0 0 

Dasyuridae 0 7 2 0 2 0 11 18.18 18.18 18.18 

Sciuridae 0 9 1 1 0 0 11 9.09 9.09 9.09 

Cercopithecidae 1 6 1 2 1 0 11 30 27.27 36.36 

           

Reptilia 6 8 0 1 1 0 16 20 12.5 50 

Lacertidae 0 4 0 0 1 0 5 20 20 20 
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Figure 3.4. The percentage of threatened species per pollinator group. The bars of each group 

indicate the current, lower and upper bound of threat status. The data is taken from table 3.3. 

 

 

Globally, the narrow ranged bird and mammal pollinators are considerably more threatened (33% 

and 77%) than the broad ranged bird and mammal pollinators (1% and 9%; Table 3.4) (Logistic 

regression: Bird - Range size - estimate = 3.654, Z = 11.142, P<0.001; Mammal - Range size - 

estimate = 3.477, Z = 9.851, P<0.001; Figure 3.5). It seems that narrow ranged reptile pollinators 

are completely threatened with extinction, however, data was only available for 1 of the 4 narrow 

ranged species (Table 3.4; Figure 3.5). 
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Table 3.4: Extinction risk of the world’s narrow and broad ranged pollinators organized as major groups. 

  IUCN Conservation Status 
  

% Threatened 

Group DD LC NT VU EN CR N Threatened Lower Upper 

Lineages        

  

   

Aves           

Broad ranged 3 847 29 6 3 2 890 1.24 1.24 1.57 

Narrow ranged 4 159 39 37 36 23 298 32.65 32.21 33.56 

           

Mammalia           

Broad ranged 13 208 18 18 5 0 262 9.24 8.78 13.74 

Narrow ranged 15 12 5 29 18 9 88 76.71 63.64 80.68 

           

Reptilia           

Broad ranged 3 8 0 1 0 0 12 11.11 8.33 33.33 

Narrow ranged 3 0 0 0 1 0 4 100.00 25.00 100.00 

 

 

 

 
Figure 3.5. The bar plot of current threatened status of bird, mammal and reptile pollinators 

according to their range sizes. 
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Biogeographically, for birds, the Oceanic realm harbours the highest threat (14%), followed by 

the Afrotropical (10%) and Neotropical realms (8%; Table 3.5). For mammals, pollinators are 

threatened in almost all geographic realms where they occur. Mammal pollinators in Oceanic and 

Afrotropical realms are highly threatened relative to other realms (Table 3.5). 

 

Table 3.5: Extinction risk of the world’s bird, mammal and reptile pollinators organized as per the 

biogeographic regions. It should be noted that a single species may have range in more than one 

geographic realm.  

  IUCN Conservation Status 
  

% Threatened 

Group DD LC NT VU EN CR N Threatened Lower Upper 

Aves        

 

   

Afrotropical 0 117 5 9 3 1 135 9.63 9.63 9.63 

Indomalayan 1 126 9 1 1 0 138 1.46 1.45 2.17 

Oceanic 3 258 29 19 12 14 335 13.55 13.43 14.33 

Neotropical 3 506 25 14 23 10 581 8.13 8.09 8.61 

Nearctic 1 77 1 0 0 0 79 0 0 1.27 

Palearctic 0 81 1 0 0 0 82 0 0 0 

Antarctic 0 6 0 0 0 0 6 0 0 0 

           

Mammalia          

Afrotropical 6 37 6 12 5 3 69 31.75 28.99 37.68 

Indomalayan 3 36 4 9 2 0 54 21.57 20.37 25.93 

Oceanic 8 48 6 18 7 5 92 35.71 32.61 41.3 

Neotropical 11 108 6 7 8 1 141 12.31 11.35 19.15 

Nearctic 0 3 2 1 1 0 7 28.57 28.57 28.57 

Palearctic 0 10 1 2 1 0 14 21.43 21.43 21.43 

Antarctic 0 0 0 0 0 0 0 0 0 0 

           

Reptilia           

Afrotropical 2 1 0 0 0 0 3 0 0 66.67 

Indomalayan 0 1 0 0 0 0 1 0 0 0 

Oceanic 1 2 0 1 0 0 4 33.33 25 50 

Neotropical 3 1 0 0 0 0 4 0 0 75 

Nearctic 0 0 0 0 0 0 0 0 0 0 

Palearctic 4 0 0 0 1 0 5 100 20 100 

Antarctic 0 0 0 0 0 0 0 0 0 0 
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3.4.4 Population trends - Generalist species v/s pollinator species 

The assessment for population decline shows that globally 47% bird, 31% mammal, and 14% 

reptile (generalist) species populations are declining relative to 33% bird, 37% mammal, and 6% 

reptile pollinators (Table 3.6; Figure 3.6). However, the population decline between generalist 

and pollinator reptiles were not significant. Suggesting that they are equally declining. Whilst the 

population decline in generalist birds are significantly higher than the pollinator birds. In contrast, 

the population decline in mammal pollinators are significantly higher than the generalist mammal 

species (Table 3.6). 

 

Table 3.6: Pattern of population trends in the world’s bird, mammal, and reptile species, for 

generalist species or pollinators only. The table shows the proportion of species per group that are 

decreasing (Decr), stable, or increasing (Incr) in population size, according to global-scale 

measures produced by the IUCN. Differences between generalist and pollinator species in terms of 

the number of species facing populations decline were tested with a proportion test. In each case 

the chi squared value is reported alongside the significance value where NS P>0.1; + P<0.1; * 

P<0.05; ** P<0.01, *** P<0.001. 

     IUCN Population Trends  

Group Type N Decr % Stable % Incr % Chi2 

Aves Generalist 10983 5108 46.51  4383 39.91 694 6.32  

 Pollinator 1188 395 33.25 513 43.18 69 5.81 75.93*** 

Mammalia Generalist 5768  1781  30.88  1379 23.91  89   1.54  

 Pollinator 350 130 37.14 105 30 7 2 5.04* 

Reptilia Generalist 7608 1071 14.08 2778 36.51 42  0.55  

 
Pollinator 

16 1 6.25 5 31.25 0 0.00 
0.29NS 
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Figure 3.6. A comparison of population declines in the generalist and pollinator bird, mammal, and 

reptile groups. 

 

 

3.4.5 Population declines of global pollinators 

The populations of pollinators are decreasing alarmingly. A greater number of mammal 

pollinators are in population decline (37%) than those of birds (33%) or reptiles (6%; Logistic 

regression: Class - estimate = -0.537, Z = -3.714, P = 0.001; Table 3.7). To extend further, about 

23-50% of population decline has been identified in various families of bird pollinators. About half 

of the populations in Psittacidae (49%) and Zosteropidae (49%) pollinators are currently declining 

worldwide (Table 3.7). In mammals, more than 54% of populations are declining in the family 

Sciuridae. It is more than 44% in Pteropodidae, Cercopithecidae, and Dasyuridae (Table 3.7). As 

for threat status, this effect is not driven by how speciose each family is, as the number of 

species in each family and the percentage of population decline were not found to be correlated 

(Birds: r = 0.13, df = 6, N = 8, P = 0.75; Mammals: r = -0.28, df = 4, N = 6, P = 0.59).  
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Table 3.7: Patterns of population trends among the world’s pollinators species. The table shows 

the proportion of species per group that are decreasing (Decr), stable, or increasing (Incr) in 

population size, according to global-scale measures produced by the IUCN. 

 

    IUCN Population Trends 

Group N Decr % Stable % Incr % 

Aves 1188 395 33.25 513 43.18 69 5.81 

Trochilidae 362 140 38.67 77 21.27 14 3.87 

Meliphagidae 173 42 24.28 99 57.23 7 4.05 

Nectariniidae 124 35 28.23 88 70.97 0 0 

Zosteropidae 96 47 48.96 17 17.71 3 3.13 

Psittacidae 99 49 49.49 44 44.44 5 5.05 

Thraupidae 77 20 25.97 54 70.13 0 0 

Icteridae 47 11 23.4 32 68.09 4 8.51 

Fringillidae 24 8 33.33 11 45.83 4 16.67 

                

Mammalia 350 130 37.14 105 30 7 2 

Pteropodidae 118 53 44.92 29 24.58 3 2.54 

Phyllostomidae 114 11 9.65 44 38.6 0 0 

Muridae 11 1 9.09 8 72.73 1 9.09 

Dasyuridae 11 5 45.45 2 18.18 0 0 

Sciuridae 11 6 54.55 3 27.27 2 18.18 

Cercopithecidae  11 5 45.45 1 9.09 0 0 

                

Reptilia 16 1 6.25 5 31.25 0 0 

Lacertidae 5 1 20 4 80 0 0 

 

 

Globally, both broad and narrow ranged pollinator populations are declining enormously. More 

populations of narrow ranged bird, mammal and reptile pollinators are declining than broad 

ranged pollinators (Logistic regression: Bird - Range size - estimate = 1.043, Z = 6.827, P<0.001; 

Mammal - Range size - estimate = 1.780, Z = 4.879, P<0.001; Table 3.8; Figure 3.7).  
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Table 3.8: Patterns of population trends among the world’s broad and narrow ranged pollinator 

species. The table shows the proportion of species per bird, mammal and reptile group that are 

decreasing (Decr), stable, or increasing (Incr) in population size, according to global-scale 

measures produced by the IUCN. 

    IUCN Population Trends 

Group N Decr % Stable % Incr % 

Lineages               

Aves               

Broad ranged 890 252 28.31 424 47.64 61 6.85 

Narrow ranged 298 143 47.99 89 29.87 8 2.68 

        

Mammalia               

Broad ranged 262 79 30.15 96 36.64 5 1.91 

Narrow ranged 88 51 57.95 9 10.23 2 2.27 

        

Reptilia        
Broad ranged 12 0 0.00 5 41.67 0 0.00 

Narrow ranged 4 1 25.00 0 0.00 0 0.00 

 

 

 
Figure 3.7.  A comparison of population declines in the broad and narrow ranged bird, mammal and 
reptile pollinator species. 
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Biogeographically, all pollinators are declining in most realms. In some realms, mammal 

pollinators are declining more than bird and reptile pollinators. (Table 3.9).  

 

Table 3.9: Patterns of population trends among the world’s pollinator species according to the 

geographic realms. The table shows the proportion of species per group in each realm that are 

decreasing (Decr), stable, or increasing (Incr) in population size, according to global-scale 

measures produced by the IUCN. 

    IUCN Population Trends 

Group N Decr % Stable % Incr % 

Aves               

Afrotropical 135 33 24.44 85 62.96 9 6.67 

Indomalayan 138 45 32.61 65 47.1 11 7.97 

Oceanic 335 119 35.52 151 45.07 14 4.18 

Neotropical 581 200 34.42 212 36.49 30 5.16 

Nearctic 79 16 20.25 34 43.04 20 25.32 

Palearctic 82 15 18.29 38 46.34 19 23.17 

Antarctic 6 0 0 4 66.67 2 33.3 

                

Mammalia             

Afrotropical 69 31 44.93 21 30.43 2 2.9 

Indomalayan 54 27 50 12 22.22 4 7.41 

Oceanic 92 41 44.57 24 26.09 0 0 

Neotropical 141 30 21.28 50 35.46 1 0.71 

Nearctic 7 4 57.14 1 14.29 1 14.29 

Palearctic 14 7 50 3 21.43 1 7.14 

Antarctic 0 0 0 0 0 0 0 

                

Reptilia               

Afrotropical 0 0 0 0 0 0 0 

Indomalayan 1 0 0 1 100 0 0 

Oceanic 4 0 0 1 25 0 0 

Neotropical 0 0 0 0 0 0 0 

Nearctic 0 0 0 0 0 0 0 

Palearctic 5 1 20 4 80 0 0 

Antarctic 0 0 0 0 0 0 0 
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3.4.6 Geographical distribution of threatened global pollinators 

There is an asymmetric pattern of extinction risk of pollinators. Severely threatened bird 

pollinators were found in the Andes of South America and southeast regions of Australia (Figure 

3.8a). For mammals, more threatened pollinator species were found in Madagascar than 

Australia, India and the South American regions (Figure 3.8b). However, Australia and South 

American regions seem to harbour the largest threat affected regions in the case of bird 

pollinators (Figure 3.8a), but for mammal pollinators the largest threat affected areas were 

distributed across Africa, Australia, South America and parts of south-eastern Asia (Figure 3.8b). 

 

 
Figure 3.8. Species richness map of globally threatened (a) bird (N = 90) and (b) mammal (N = 69) 

pollinators. 
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3.4.7 Body size as predictors of threat 

3.4.7.1 (a) Interaction of body mass and body length in threat status 

The model predicting the effects of the interaction between body length and body mass on 

species’ threat status was distinguishable across the pollinator groups (Table 3.10). When 

considering all bird pollinators, the likelihood of species being threatened, increased linearly with 

body mass when log body length was greater than 2.6 (Table 3.10; Figure 3.9a). For shorter 

body lengths, threat was generally low, increasing again as body mass decreased for the very 

smallest birds (Figure 3.9a).  

For mammals, the interaction between body length and body mass was not significant (Table 

3.10). But threat status increased with body mass for all mammals. The likelihood of species 

threat increased with body mass, such that the largest mammals showed the greatest threat 

(Table 3.10; Figure 3.9b). Threat was generally low for the smallest species (Figure 3.9b). 

 

 

Figure 3.9. The effect of body size on threat status of (a) bird and (b) mammal pollinators. The blue 

colour indicates low threat risk and red colour indicates high threat risk. Numbers on contour lines 

indicate the likelihood of being threatened (non-threatened =0, threatened=1) and points represent 

the raw data for body length and mass with each point representing a single species. 
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Table 3.10: Logistic regression for the effects of body size on threat status of 

(a) bird and (b) mammal pollinators. The model fitted to predict the threat 

status (threatened and non-threatened) as a function of body size (body 

mass and length). For the model, the parameter estimates are shown with 

standard deviation and the significance level. The TH and NT indicate 

threatened and non-threatened status of pollinators. 

 Birds   Mammals   

 Estimate (SE) Z P Estimate (SE) Z P 

Body Mass -5.802 (2.28) -2.545 0.011 1.495 (0.66) 2.253 0.024 

Body Length -6.801 (2.34) -2.904 0.003 -2.095 (1.70) -1.231 0.218 

Mass:Length 2.961 (0.98) 3.014 0.002 -0.554 (0.62) -0.899 0.368 

 

 

3.4.7.2  (b) Interaction of body mass and body length in population trends 

The model predicting the effects of the interaction between body length and body mass on 

species’ population trend was distinguishable in the pollinator groups (Table 3.11). When 

considering all bird pollinators, the likelihood of species population decline, increased linearly 

with log body length for values above 2.6 (Table 3.11; Figure 3.10a). For shorter body lengths, 

population decline was generally low as long as the log body mass was above 1. For body length 

below log 2.3, population decline increased precipitously as the body mass declined, such that 

the highest risks were for the very smallest and very largest birds (Figure 3.10a). 

When considering all mammal pollinators, the likelihood of species population decline, increased 

with both body length and body mass such that the largest mammals showed the greatest 

declines (Table 3.11; Figure 3.10b). Populations were generally stable for the smallest species 

with log body length and mass less than 2.5 and 2.2 respectively (Figure 3.10b). 
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Figure 3.10. The effect of body size on population trends of (a) bird and (b) mammal pollinators. 

The blue colour indicates low population decline and red colour indicates high population decline. 

Numbers on contour lines indicate the likelihood of being population decline (stable/increasing =0, 

decreasing =1) and points represent the raw data for body length and mass with each point 

representing a single species. 

 

 

Table 3.11: Logistic regression for the effects of body size on population 

trends of (a) bird and (b) mammal pollinators. The model fitted to predict 

the population trends (decreasing and stable) as a function of body size 

(body mass and length). For the model, the parameter estimates are 

shown with standard deviation and the significance level. 

 Birds   Mammals   

 Estimate (SE) Z P Estimate (SE) Z P 

Body Mass -5.326(1.563) -3.407 <0.001 4.443(1.767) 2.514 0.012 

Body Length -1.685(1.410) -1.195 0.232 3.994(2.279) 1.760 0.078 

Mass:Length 2.060(0.683) 3.015 0.002 -1.444(0.698) -2.070 0.038 
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3.4.8 Phylogenetic Signal in pollination and extinction risk 

The presence of phylogenetic signal in bird and mammal pollination shows that phylogenetically 

related species are acting as pollinators in these groups (Birds: observed transitions = 236, 

randomized median transitions = 895, P = <0.001; Mammal: observed transitions = 156; 

randomized median transitions = 329, P = <0.001) (Figure 3.11a & b). 

 
Figure 3.11. The phylogenetic signal in (a) bird and (b) mammal pollination. The colour green 

indicates pollinator species and blue indicates non-pollinator species across the phylogeny. 

 

I did not find a phylogenetic signal in the threat status of birds with current (without Data Deficient 

species; observed transitions = 81, randomized median transitions = 82, P = 0.317), upper (Data 

Deficient species are threatened; observed transitions = 87, randomized median transitions = 88, 

P = 0.365) and lower status (Data Deficient species are not threatened; observed transitions = 

81, randomized median transitions = 82, P = 0.294). This suggests non-phylogenetic relatedness 

in threatened bird pollinators. 

But I found a significant phylogenetic signal in the threat status of mammal pollinators with 

current (without Data Deficient species; observed transitions = 56, randomized median transitions 

= 71, P = <0.001), upper (Data Deficient species are threatened; observed transitions = 69, 

randomized median transitions = 89, P = <0.001) and lower limits (Data Deficient species are not 
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threatened; observed transitions = 59, randomized median transitions = 71, P = <0.001). This 

indicates overall phylogenetic relationships in threatened mammal pollinators (Figure 3.12a, b & 

c). 

 

 
Figure 3.12. The phylogenetic signal of extinction in mammals with various status, (a) current 
threat limit - considering only currently existing red listed species, (b) upper threat limit – consider 
all Data Deficient species as threatened, and (c) lower threat limit – consider all Data Deficient 
species are nonthreatened. The colour green indicates threatened species and blue indicates non-
threatened species across the phylogeny. 
 

The analyses also found significant phylogenetic signal in population trends (Decreasing, Stable, 

Increasing) of bird (observed transitions = 222, randomized median = 285, P = <0.001) and 

mammal pollinators (observed transitions = 56, randomized median = 83, P = <0.001). 

Suggesting the phylogenetic relationships in population decline of pollinators (Figure 3.13a & b).  

 
Figure 3.13. The phylogenetic signal in population trends of (a) bird and (b) mammal pollinators. 
The colour green indicates decreasing species, blue indicates stable species and aqua indicates 
increasing species in the tree. 
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3.4.9 Extrinsic threat factors 

Globally, bird, mammal and reptile pollinators are threatened due to various activities. There are 

12 variables that threaten the pollinators, and each pollinator may face more than a single threat 

at varying degrees. There are 11 threat variables that affect bird pollinators globally (Table 3.12). 

Most bird pollinators face a higher level of threat from agricultural expansions (13%), climate 

change (11%), and biological resource use (logging, hunting, trapping, poaching, snaring; 10%; 

Table 3.12; Figure 3.14). Similarly, there are 12 threat variables that affect the mammal 

pollinators. Most mammal pollinators are threatened from biological resource use (38%), 

agricultural expansions (31%) and developmental activities (12%; Table 3.12; Figure 3.14). The 

reptile pollinators are threatened from invasive species (19%) and agricultural expansions (12%; 

Table 3.12; Figure 3.14). Both bird and mammal pollinators face similar types of threat. But 

mammal pollinators experience higher levels of threat than bird pollinators from agricultural 

expansions, biological resource use, mining and energy production, invasion, human 

disturbances, natural system modifications, and developmental activities (Table 3.12). 

Table 3.12: Types of threat faced by various threatened and non-threatened bird, mammal and 

reptile pollinators. A single species may be affected by more than one threat factor. Numbers 

of species are reported with the % of total species in that group represented in brackets. 

Differences between bird and mammal pollinators in terms of the number of species facing 

each threat were tested with a proportion test. In each case the chi squared value is reported 

alongside the significance value where NS P>0.1; + P<0.1; * P<0.05; ** P<0.01, *** P<0.001. All 

threat information is taken from the IUCN database. The variable ‘biological resource use’ 

represents logging, hunting, trapping, poaching, and snaring. The numbers in the bracket with 

each group represent the total number of species assessed for each group. 

Threat Reptiles (4) Birds (248) Mammals (172) Chi2 

Agriculture 2 (12.5) 153 (13) 109 (31) 60.13*** 
Biological resource use 1 (6.25) 125 (10.5) 135 (38.1) 146.59*** 
Climate change -- 130 (11) 30 (8.4) 1.52NS 
Energy production -- 27 (2.3) 31 (9) 29.95*** 
Geological events -- 6 (0.5) 4 (1.1) 0.82 NS 
Human disturbances 1 (6.25) 5 (0.4) 35 (10) 93.09*** 
Invasion 3 (19) 59 (5) 29 (8.1) 4.70* 
Natural system modification -- 38 (3.1) 35 (10) 25.63*** 
Developmental activities -- 44 (4) 43 (12.1) 35.01*** 
Transportation and corridors -- 27 (2.3) 13 (4) 1.60NS 
Pollution 1 (6.25) 11 (1) 2 (0.5) 0.10NS 
Isolation -- -- 1 (0.2) -- 
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Figure 3.14. Various external threats that threaten the bird, mammal and reptile pollinator groups. All threat 

information is taken from the IUCN database. The variable ‘biological resource use’ represents logging, 

hunting, trapping, poaching, and snaring. 

 

 

3.4.10 Use and trade of global pollinators 

Pollinators also face threat from various other activities. Bird pollinators are mostly used in the 

pet industry whereas mammal pollinators are primarily use in the food industry (31%; Table 

3.13). The reptile pollinators are mainly used to establish ex-situ production for the pet trade. 

Therefore, the illegal and unsustainable use would cause further decline in the population of 

these pollinators. 
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Table 3.13: Types of use and trade faced by bird, mammal and reptile pollinators. A 

single species may be affected by more than one threat factor. Numbers of species are 

reported with the % of total species in that group represented in brackets. Differences 

between bird and mammal pollinators in terms of the number of species facing each 

threat were tested with a proportion test. In each case the chi squared value is reported 

alongside the significance value where NS P>0.1; + P<0.1; * P<0.05; ** P<0.01, *** 

P<0.001. The information on use and trade is taken from the IUCN database. 

 

Various levels of use & trade Reptiles Birds  Mammals Chi2 

Pet 3 (19) 686 (58) 14 (4) 315.69*** 
Food -- 77 (6.4) 108 (30.5) 147.04*** 

Medicine -- 7 (0.6) 9 (0.3) 8.331** 
Sport Hunting/Specimen collection -- 23 (2) 4 (1.1) 0.612NS 
Handicraft/Jewellery -- 5 (0.4) 4 (1.1) 1.302NS 
Wearing apparel/Accessories -- -- 5 (1.4) -- 
Establishing ex-situ production for 
the pet trade 

2 (12.5) -- 1 (0.2) -- 

 

 

3.4.11 Threat in the lightest and heaviest pollinators 

Both threatened lightest and heaviest pollinators experience various amounts of threat, with 

agriculture, biological resource use and climate impacting the largest number of species (Table 

3.14; Figure 3.15). In birds, the heaviest pollinators are more threatened from invasion than the 

lightest pollinators (Table 3.14; Figure 3.15). But in mammals, the heaviest pollinators are more 

threatened from agricultural, biological resource use, and natural system modifications than the 

lightest pollinators (Table 3.14; Figure 3.15). 
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Table 3.14: Threat status in 20% of lightest and heaviest pollinators. The total number of pollinators 

in the lightest and heaviest groups are the first and last 20% of the threatened species from each 

pollinator groups. The number with lightest and heaviest shows the number of species used for the 

assessment. Differences between the lightest and heaviest pollinators in terms of the number of 

species facing each threat were tested with Fishers Exact test (FE test). In each case the odds ratio 

is reported alongside the significance value where NS P>0.1; + P<0.1; * P<0.05; ** P<0.01, *** 

P<0.001. The information on threat reasons is taken from the IUCN database. 

 Birds (42) Mammals (32) 

Threat Factors Lightest (21) Heaviest 

(21) 

Odds 

ratio 

Lightest 

(16) 

Heaviest 

(16) 

Odds 

ratio 

Agriculture 20 (95) 15 (71) 7.64+ 9 (56) 15 (94) 0.09* 

Biological resource use 11 (52) 13 (62) 0.68NS 9 (56) 15 (94) 0.09* 

Climate 7 (33) 12 (57) 0.38NS 2 (13) 2 (13) 1NS 

Energy production 5 (24) 2 (10) 2.89NS 3 (19) 3 (19) 1NS 

Geological events 1 (5) 1 (5) 1NS 1 (6) 0 -- 

Human disturbances 1 (5) 2 (10) 0.48NS 6 (38) 5 (31) 1.30NS 

Invasion 2 (10) 15 (71) 0.046*** 6 (38) 1 (6) 8.42+ 

Natural system modification 3 (14) 7 (33) 0.34NS 2 (13) 10 (63) 0.09** 

Developmental activities 6 (29) 4 (19) 1.67NS 3 (19) 5 (31) 0.51NS 

Transportation and corridors 6 (29) 3 (14) 2.35NS 3 (19) 1 (6) 3.33NS 

Pollution 3 (14) 1 (5) 3.24NS 0 0 -- 

 

 
Figure 3.15. Various types of external threat faced by 20% lightest and heaviest bird and mammal 
pollinators in the world. The variable ‘biological resource use’ represents logging, hunting, 
trapping, poaching, and snaring. The asterisks on bars indicate the significant differences in threat 
between the lightest and heaviest pollinators. 
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3.4.12 Hunting status in the lightest and heaviest pollinators 

Larger pollinators were more vulnerable for hunting (Table 3.15; Figure 3.16). The hunted 

mammal pollinators are mainly used in food industries (Table 3.16; Figure 3.17). But the body 

mass does not predict the bird and mammal pollinators use in the pet industries (Table 3.16). 

 

 

 

 

Figure 3.16. The probability of hunting of pollinators increases with log body mass in (a) birds and 
(b) mammals. Pollinators classified into hunted and non-hunted as per the information given by 
IUCN. Plots represent outputs from logistic regression models. 

 

  

Table 3.15: Logistic regression for the effects of body mass on hunting status of bird and mammal 

pollinators. The model fitted to predict the hunting status (hunted and non-hunted) as a function of 

body mass. For the model, the parameter estimates are shown with standard deviation and the 

significance level. 

 Estimate (SE) Z P 

Bird 7.089(2.898) 2.446 0.014 

Mammal 1.298(0.432) 3.003 0.003 
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Table 3.16: Logistic regression for the effects of body mass on use for food and pet status of 

bird and mammal pollinators. The model fitted to predict the use for food (food and non-food) 

and pet status (pet and non-pet) as a function of body mass. For the model, the parameter 

estimates are shown with standard deviation and the significance levels. 

 

 Food status Pet status 

 Estimate (SE) Z P Estimate (SE) Z P 

Bird -- -- -- 0.103(0.436) 0.236 0.814 

Mammal 2.475(0.895) 2.764 0.006 2.085(1.295) 1.61 0.108 

 

 

 
Figure 3.17. The probability of exploitation of pollinators increases with log body mass in 
mammals. Pollinators classified into use for food and non-food as per the information given by 
IUCN. Plots represent outputs from logistic regression models. 
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3.4.13 Habitat of pollinators 

The forest seems to be the dominant habitat for most bird and mammal pollinators (Figure 3.18). 

Though certain bird and mammal pollinators can live in artificial/human dominated and modified 

areas. 

 

 
Figure 3.18. Habitat of bird, mammal and reptile pollinators across the world. A single pollinator 

species may be able to live in more than one habitat type. Each pollinator’s habitat has been 

extracted from the IUCN database. 
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3.5 Discussion 

This chapter on the patterns and drivers of extinction risk among bird, mammal and reptile 

pollinators is concerned with understanding various causes of species threat or endangerment, 

identifying threatened areas, and predicting potential factors behind them to halt biodiversity loss 

and for better conservation practice. Estimating the whole diversity of pollinators is problematic 

and subject to many caveats (Ollerton, 2017). Many pollinator species are insects, assessing the 

conservation status is challenging and time consuming as in most cases they are largely 

unknown (Clausnitzer et al., 2009). But it is possible to estimate the diversity of vertebrate 

pollinators more accurately than for the invertebrates (Ollerton, 2017). Studies have attempted to 

estimate the diversity of vertebrate pollinators (Fleming and Muchhala, 2008; Whelan et al., 

2008), and very recently Regan et al. (2015) and Ollerton (2017) documented 1,432 species 

(1,089 birds and 343 mammals) as vertebrate pollinators across the world. My estimation 

surpasses theirs, recording 1,554 species (1,188 birds, 350 mammals, and 16 reptiles) as current 

vertebrate pollinators. 

Extinction risk in global pollinators reveals high levels of threat in bird, mammal and reptile 

pollinators. But the level of threat in bird pollinators is lower than the generalist birds (IUCN, 

2020), odonates (Clausnitzer et al., 2009), reptiles (Böhm et al., 2013), freshwater fishes 

(Cumberlidge et al., 2009), generalist mammals (IUCN, 2020), freshwater crabs (Cumberlidge et 

al., 2009), crayfish (Richman et al., 2015), corals (IUCN, 2020) and amphibians (IUCN, 2020) 

that have been assessed regionally or globally. But extinction risk in mammal pollinators was 

equal to that of freshwater fishes, lower than generalist mammals, freshwater crabs, crayfish, 

corals and amphibians, but greater than that of generalist birds, odonates, and reptiles. The level 

of threat in reptile pollinators was higher than the generalist birds and odonates but lower than 

generalist reptiles, freshwater fishes, generalist mammals, freshwater crabs, crayfish, corals and 

amphibians of the world. 
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The higher threat in mammal pollinators relative to birds and reptiles even after correcting for the 

uncertainty on data deficient species may be because of the larger threat recorded in the family 

Pteropodidae (fruit bats) of the mammal group. The fruit bats are primarily distributed from Africa 

to the Pacific islands and some Western Indian Ocean islands (Fujita and Tuttle, 1991; 

Mickleburgh et al., 2009). Throughout their ranges they experience various threats including 

extreme hunting and overexploitation for food and other purposes (Mohd-Azlan et al., 2001; 

Brooke and Tschapka, 2002; Jenkins and Racey, 2008; Epstein et al., 2009; Mickleburgh et al., 

2009; Harrison et al., 2011; Frick et al., 2020). However, a similar degree of threat in generalist 

and pollinator mammals highlights both groups’ imperilled status. A lower threat level of bird 

pollinators compared to generalist birds indicates larger human impacts on generalist birds and 

general conservation attention given to bird pollinators. Many generalist bird species are larger 

than the largest bird pollinator recorded in this study (Nestor meridionalis - 400g), and they face 

higher extinction risk (Gaston and Blackburn, 1995; Owens and Bennett, 2000; Ripple et al., 

2017; Wang et al., 2018; Garcia-R and Di Marco, 2020). Also, the higher level of threat in 

mammal pollinators will be due to lower diversity and larger numbers of threatened species in 

this group (Table 3.3).  

Large scale population declines in bird and mammal pollinators may contribute to a further 

increase in the future rate of extinction risk. Higher population decline in generalist birds relative 

to pollinator birds can be interpreted as wide scale exploitation of these species and better 

conservation practice received by pollinator birds. But the higher population decline in mammal 

pollinators relative to generalist mammals will be because of large scale hunting and other 

threats to these pollinators (Pierson et al., 1996; Heinrichs, 2004; Epstein et al., 2009; 

Mickleburgh et al., 2009; Kamins et al., 2011; Scanlon et al., 2018; Frick et al., 2020). For 

example, in Madagascar, the overexploitation of fruit bats Pteropus rufus resulted in the Red List 

categorization to Vulnerable (Jenkins and Racey, 2008; Mickleburgh et al., 2009). Severe 

population decline has been recorded in islands such as Saipan (<25) and Tinian (<10) of the 

Commonwealth of Northern Mariana where once supported hundreds or thousands of fruit bats 
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(Lemke, 1986). In Rota Island, a 75% decline in bat colonies was reported (Mickleburgh et al., 

2009). The loss of pollinator populations indirectly leads to changes in plant communities 

(Cardinale et al., 2012; Brosi and Briggs, 2013; Burkle et al., 2013), and can cause reductions in 

local species richness (Dirzo et al., 2014; Young et al., 2016). The reduction in food plants 

causes further declines in pollinator species (Carvell et al., 2006), which further threatens global 

biodiversity. A global scale loss of pollinators can reduce the global plant diversity and hence, the 

world is left with only wind pollinated plants, which are less diverse.  

A higher threat and population decline in narrow ranged pollinators may be related to both 

intrinsic (life history) and extrinsic (for instance, anthropogenic activities) threat factors. As 

several pollinators are narrow ranged and endemic to small islands, declines in these species 

may have wide-scale ecological consequences in some regions (Clavero et al., 2009). It is 

possible that these species will go extinct sooner than others because they are more susceptible 

to any disturbance from humans or climate change (Cardillo et al., 2005). The ecological 

specialisation (special diet or habitat) among them would make them further vulnerable to 

extinction (González-Suárez et al., 2013; Chichorro et al., 2019). Bird pollination is particularly 

important in countries like Australia, New Zealand, and other Pacific Ocean islands as they 

contain greater proportions of bird-pollinated plants than other islands (Ford, 1985; Sekercioğlu, 

2011). The tighter mutualism between plants and pollinators in the oceanic islands such as 

Guam and New Zealand are specifically vulnerable to pollinator losses (Ladley and Kelly, 1995; 

Cox and Elmqvist, 2000; Mortensen et al., 2008; Sodhi et al., 2011). For example, the loss of 

native bird pollinators in New Zealand caused the considerable decline in two endemic plant 

species (Robertson et al., 1999). Similarly, the extinction of pollinator birds on an island in New 

Zealand has reduced pollination, seed production and density of dependent plant species 

(Anderson et al., 2011). Immediate actions are necessary for conserving these species. 

Many mammal pollinators, particularly bat pollinators, are the sole pollinators of many plant 

species in the Pacific and Indian Ocean islands (Cox et al., 1991; Vincenot et al., 2017). Several 
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of these species are endemic to single islands or small groups of islands (Bräutigam and 

Elmqvist, 1990; Jones et al., 2009). Hence, decline in these pollinators have a cascading effect 

on the dependent plant species (Cox et al., 1991; Jones et al., 2009). The large size and high 

mobility that often helps these species to connect widely fragmented forests and disperse a 

diverse range of seeds in addition to the pollination services (Vincenot et al., 2017). Many reptile 

pollinators are endemic, and they are specifically confined to several small islands where they 

pollinate and disperse various endemic plant species (Olesen and Valido, 2004; Fuster and 

Traveset, 2020). The extinction or decline of pollinators in these regions will threaten the 

corresponding plant species. The threat in bird and mammal pollinators across various realms 

indicates higher human impacts in these regions (Butchart et al., 2004; Davies et al., 2006; Sodhi 

et al., 2010; Wilcove et al., 2013). The presence of six bird species (Elaenia albiceps, Pitangus 

sulphuratus, Spinus barbatus, Thinocorus rumicivorus, Zenaida auriculata, Zonotrichia capensis) 

in the Antarctic realm is a drawback of IUCN classification system. These species are broadly 

distributed across South America and even to the southernmost tip of the continent, this area is 

considered as part of the Antarctic realm by IUCN. 

It is of concern that the data deficient species can potentially underestimate our understanding of 

threat. The high level of data deficiency in reptile pollinators relative to bird and mammal 

pollinators suggest the paucity of scientific attention given to this group. The level of data 

deficiency in bird pollinators is equivalent to generalist bird species (IUCN, 2020) but lower than 

generalist mammals (IUCN, 2020), generalist reptiles (IUCN, 2020), corals (Carpenter et al., 

2008), amphibians (Stuart et al., 2004), dragonflies and damselflies (Clausnitzer et al., 2009) and 

freshwater crabs (Cumberlidge et al., 2009) of the world. Indicating considerable scientific 

attention given to bird pollinators. But the data deficiency in mammal pollinators is greater than 

generalist birds but lower than generalist mammals, generalist reptiles, corals, amphibians, 

dragonflies and damselflies and freshwater crabs (Stuart et al., 2004; Carpenter et al., 2008; 

Clausnitzer et al., 2009; Cumberlidge et al., 2009; IUCN, 2020). Interestingly, the data deficiency 

in reptile pollinators is lower than is reported for freshwater crabs but greater than all other 
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groups. It is an inconclusive question whether data deficient pollinators are dangerously near to 

extinction in their geographic ranges because they usually inhabit tropical regions where tropical 

forests are vanishing very rapidly (Achard et al., 2002). Analysis of Red List Index shows a 

decline in index value for bird pollinators from 0.938 in 1988 to 0.933 in 2012 and for mammal 

pollinators from 0.886 in 1996 to 0.872 in 2008, showing an average of 1.1 bird and 1.9 mammal 

pollinators per year moving one Red List category closer to extinction over the time period 

(Regan et al., 2015). The regional or taxonomical pattern of data deficiency could be used to 

promote research programmes on specific taxa or groups to reduce rate of data deficiency in the 

future re-assessments of the groups (Böhm et al., 2013). 

The relative importance of threat varies geographically and taxonomically in pollinator taxa. 

Studies reported the taxa such as freshwater crayfish (Richman et al., 2015), freshwater crabs 

(Cumberlidge et al., 2009), corals (Carpenter et al., 2008) and climate-change threatened birds 

(Trull et al., 2018) have been threatened in the Andes regions of south America and south-

eastern parts of Australia. I found a similar pattern amongst threatened bird pollinators. But the 

pattern of threat in mammal pollinators are more similar to that reported for freshwater species 

(mammals, amphibians, reptile, fishes; Collen et al., 2014), freshwater crabs (Cumberlidge et al., 

2009), land mammal (Schipper et al., 2008) and corals (Carpenter et al., 2008). The threat to 

pollinators across these regions could be associated with large-scale use of forests for 

agriculture, a practice that leads to habitat loss, illegal logging, invasive species, hunting and 

climate impacted heatwaves (Cox and Elmqvist, 2000; Paton, 2000; Ford et al., 2001; Maron and 

Fitzsimons, 2007; Jenkins and Racey, 2008; Welbergen et al., 2008; Cardiff et al., 2009; Jones et 

al., 2009; Mickleburgh et al., 2009; Fischer et al., 2010; Sekercioğlu et al., 2012; González-

Suárez et al., 2013; Cardiff and Jenkins, 2016; Vincenot et al., 2017; Brook et al., 2019; Frick et 

al., 2020; Palacio et al., 2020; Renjifo et al., 2020). Also, some of these threatened regions are 

the most humanised environments with high prevalence of agriculture and human settlement 

(Foley et al., 2005; Ellis and Ramankutty, 2008). This possibly suggests the parallel vulnerability 

of plant species that depend on these pollinators across these regions. Region like the 
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Southwest Australian biodiversity hotspot contains exceptionally diverse plants, and they have 

exceptionally high levels of vertebrate pollination (Keighery, 1980; Phillips et al., 2010). 

Identifying and mitigating the effect of anthropogenic threats to these species through targeted 

projects will help to secure the future biodiversity of pollinators (Böhm et al., 2013). The pattern of 

threat extension is likely to be affected using 2x2 degree grid size. Further regional work with fine 

grid sizes will be beneficial to determine the extent of area of pollinator threat in these regions. 

The interactive effects of body mass and length on threat varied between bird and mammal 

groups. The extinction risk in mammal pollinators is consistent with the previous findings showing 

that larger bodied species across multiple taxa have greater chances of extinction (Cardillo et al., 

2005; González-Suárez et al., 2013; Seibold et al., 2015; Terzopoulou et al., 2015; 

Verde Arregoitia, 2016; Wang et al., 2018; Garcia-R and Di Marco, 2020). However, extinction 

risk in smaller and larger bodied bird pollinators supports earlier global studies explaining 

vertebrate species’ disproportionate risk of extinction (Olden et al., 2007; Ripple et al., 2017). 

This will be because of selective hunting and mass culling of large bodied species (Owens and 

Bennett, 2000; Purvis et al., 2000; Mohd-Azlan et al., 2001; Isaac and Cowlishaw, 2004; Keane 

et al., 2005; Forero-Medina et al., 2009; Mickleburgh et al., 2009; Florens et al., 2017; Ripple et 

al., 2017; Vincenot et al., 2017; Kingston et al., 2018; Florens and Baider, 2019; Frick et al., 

2020). This emphasizes the need for differential conservation approaches for smaller and larger 

animals (Ripple et al., 2017). Urgent actions are needed to reduce the hunting and consumption 

of these key species. Reducing wild meat consumption is an important step to reduce negative 

impacts of human hunting (Ripple et al., 2017).  

The extinction risk of bird pollinators contradicts with the report of Ripple et al. (2017) where 

larger bodied birds experience extinction risk but threat in mammal pollinators aligns with 

mammal species where both larger species experience extinction risk. However, caution must be 

given when comparing the findings of Ripple et al. (2017) with my findings because there were 

differences in methodology, taxonomy, and body size data in estimating the extinction risks. They 
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employed the GLMM model (generalised linear mixed model) with 9,100 birds and 4,073 

mammals species across the world. In addition to the body size data, they also considered 

species range data. Whereas I used GLM model (generalised linear model) for body mass and 

body length interaction for 1,003 bird and 221 mammal pollinators (body size was available for 

1,003 bird and 221 mammal species only of the 1,188 and 350). I did not consider range size 

data for pollinators extinction estimation as restricted range size is one of the IUCN criteria in 

determining threatened status of species (IUCN, 2017). The body size of the threatened smallest 

and largest species of Ripple et al. (2017) will be different from the body size of threatened 

smallest and largest pollinators. Because many species used in their analysis were thousands of 

times larger (more than 100,000kg) than the largest pollinator species (15kg) used in the 

pollinators threat analysis. Thus, the result should be considered with a view that these 

threatened smallest and largest species are a group of species belonging to a certain range of 

body sizes. 

According to this study, these smaller and larger pollinators are threatened by habitat loss and 

human harvesting, in contrast to previous reports on global vertebrates, where smaller bodied 

species were mainly threatened by habitat loss/degradation and larger species by human 

harvesting (Olden et al., 2007; Ripple et al., 2017). The implementation of policy on hunting along 

with the protection of habitats and controlled land use will be beneficial for pollinator 

conservation. 

Population declines in pollinators show a similar pattern to extinction risk. However, this has 

important conservation implications because a Least Concern or Near Threatened species may 

experience large-scale population decline but still be listed as non-threatened. Importantly, 31% 

of all Least Concern species (birds and mammals) for which population trend data are known are 

declining. This suggests the need for urgent conservation initiatives, otherwise the overall 

conservation status of pollinators may deteriorate soon. Identifying the role of body size in 

population status is important in conserving pollinators, helping to know the declining processes 
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in addition to habitat loss/harvesting. Also, the declining species’ body size can be used as a 

proxy for the species for which population trend data is lacking, because species’ declines have 

been correlated with body size (Burbidge and McKenzie, 1989; Gaston and Blackburn, 1995; 

Dulvy et al., 2000; Owens and Bennett, 2000). 

Here I do not suggest that I have identified all factors related to extinction risk or population 

decline in bird and mammal pollinators. Studies have often used phylogenetic comparative 

methods to describe extinction risk in species (Owens and Bennett, 2000; Pincheira-Donoso and 

Hodgson, 2018; Wang et al., 2018; Shuai et al., 2021). I have not used this method in body size 

analysis to avoid statistical problems arising from the phylogenetic signal in extinction risk and 

population trends (Fisher and Owens, 2004; Purvis et al., 2005; Cardillo et al., 2008). Thus, it can 

affect my result but the presence of phylogenetic signal in threat (for mammal, not bird) and 

population trends (bird and mammal) analyses can be used as a proxy for non-independence in 

body size of threatened species and those facing population declines. 

Studies usually consider either body mass or length to investigate extinction risk (Purvis et al., 

2000; González-Suárez et al., 2013; Ripple et al., 2017; Wang et al., 2015, 2018; Shuai et al., 

2021) and the results mostly found threat associated with larger body mass. But using body 

mass and body length together here I show how different stressors interact with each other and 

produce a much higher proportion of threatened species. From a conservation point of view, 

predicting extinction risks from a single trait may be risky as traits may act together and render 

species more vulnerable than predicted by a single trait (Davies et al., 2004). Therefore, it is 

important to consider the interactive effect as this can alter the vulnerability of species, showing 

their importance in the extinction risk analysis. 

The significant phylogenetic signal in threat and population declines of mammal pollinators 

indicate endangerment in related species. This agrees with the similar pattern noticed for both 

global and regional birds and mammal taxa (Bennett and Owens, 1997; Russell et al., 1998; 

Purvis et al., 2000; Schipper et al., 2008; Wang et al., 2018; Shuai et al., 2021). The identified 
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pattern in mammal pollinators is robust to the uncertainty associated with the data deficient 

species. Showing that extinction risk is clustered within the closely related species that share 

some common traits predisposing them to extinction (Jones et al., 2003; Kotiaho et al., 2005). 

These threatened clades need prior conservation attention as the species extinction from these 

clades may cause disproportionate loss of biodiversity (Jetz et al., 2012; Nunes et al., 2015; 

Wang et al., 2018). The absence of phylogenetic signal in threat (current, lower and upper level) 

in bird pollinators suggests threat is randomly distributed across bird families. This shows that 

bird pollinators may respond differently to some extent to the threatening processes (Cardillo et 

al., 2008) and the relative importance of drivers in birds may vary (Davies et al., 2006). But the 

presence of phylogenetic signal in population decline indicates declines are occurring in related 

species. 

Importantly, my data suggest that many bird and mammal pollinators primarily inhabit various 

forest ecosystems across the tropical regions where they pollinate a wide variety of plants. 

Finding highlights the importance of conserving tropical forests. The continued deforestation can 

increase the pollinator endangerment and can further threaten many threatened and non-

threatened pollinators in the world. 
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3.6 Conclusion 

There is a growing amount of information available on the extinction risk of various taxa in the 

literature. However, this has hardly been studied for vertebrate pollinators. This study provides an 

insight into the extinction risk of bird, mammal and reptile pollinators and the associated threat 

factors. The current estimation shows that mammals are more threatened than bird and reptile 

pollinators and the degree of threat varies across the families. The higher population loss in 

pollinators would additionally increase the future extinction rate. Narrow ranged pollinators 

experience higher extinction risk than broad ranged pollinators. The most threatened pollinator 

regions are located across the tropic and southeast part of Australia. 

The interaction of multiple factors causes many largest and smallest species to be at high risk 

(Davidson et al., 2009). This has been confirmed by the interactive effect of body length and 

body mass on threat and population trends of pollinators, where both smallest and largest bodied 

pollinators face higher extinction risk and population decline. The presence of phylogenetic 

signals in threat (for mammals) and population trends (for birds and mammals) explains 

pollinators are likely to be evolutionarily predisposed to decline in addition to the effects of body 

size. Many pollinators are threatened by anthropogenic activities. The illegal trade and 

unsustainable use of pollinators would further threaten pollinator biodiversity. Overall, the result 

shows the extinction risk in pollinators is not simply from body size, but also due to multiple 

anthropogenic factors together across multiple scales.  
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4 Chapter 4 How threatened are pollinators across 

India? 
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4.1 Abstract 

Animal pollination is a vital step in the reproduction of most angiosperms. Therefore, the decline 

of pollinators is a threat to both agriculture and biodiversity. Indeed, a large proportion of the 

human diet depends directly or indirectly on animal pollination. Both invertebrates and 

vertebrates pollinate a variety of angiosperms. Vertebrates pollinate a variety of plants including 

economically and medicinally important plant species in India. Hence, declining pollination 

services in these plants may result in substantial losses in income. Here, I present the first study 

on the extinction risk of Indian bird and mammal pollinators using the IUCN extinction risk 

assessment method. The potential pollinators have been identified from across the scientific 

literature. I compiled a dataset consisting of 99 vertebrate pollinator species across India (80 

birds and 19 mammals). The result shows mammals are the only pollinator group threatened with 

extinction. Both bird and mammal pollinators face population decline. Narrow ranged mammals 

are more threatened and declining than the narrow ranged birds. The biological traits do not 

predict threat and population decline in Indian pollinators. The most pollinators appear to be 

threatened by agriculture and biological activities. The unstainable human hunting along with 

relaxed rules further threaten the Indian bird and mammal pollinators. 
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4.2 Introduction 

Pollinators play an important functional role in most terrestrial ecosystems and provide a key 

ecosystem service which is crucial for the maintenance of plant communities. More than 87% of 

flowering plant species are animal pollinated (Ollerton et al., 2011). Insects, birds, mammals and 

reptiles play an important role in pollination of agricultural crops and wild plants, with insects 

being the primary pollinators, particularly bees (Potts et al., 2010; Ollerton et al., 2011). 

Pollination is not only mutually beneficial to the interacting groups, but also benefits humanity 

directly through the food and fibre, medicine, ornamental and other aesthetics and genetic 

diversity hence contributing to overall ecosystem resilience (Naban and Buchmann, 1997; 

Leemans and De Groot, 2003; Klein et al., 2007; Potts et al., 2010). The production of 86 of the 

124 main crops consumed by humans worldwide depends on pollinators (Klein et al., 2007; 

Eilers et al., 2011). The economic value of wild and managed pollination services worldwide was 

estimated at US$ 215 billion in 2005 (Gallai et al., 2009). 

Developing a quantitative understanding of pollinator biodiversity loss is an urgent task. Both 

plants and pollinators face increasing risk of local and global extinction from human activities 

such as agricultural intensification, habitat loss, introduction of invasive species, disease, pests 

and climate change (Kearns et al., 1998; Cunningham, 2000; Kremen et al., 2002; Biesmeijer et 

al., 2006; Priess et al., 2007; Winfree et al., 2009; Portman et al., 2018). The loss of pollinators 

often leads to decay of ecosystem functions, collapsing the beneficial service provided to 

humans (Díaz et al., 2013). The local and regional declines of pollinators have raised concerns 

over potential risks to global food security and economic development, especially in countries 

where agriculture is a large proportion of the economy (Allen-Wardell et al., 1998; Steffan-

Dewenter et al., 2005; Kluser and Peduzzi, 2007). Several studies have shown that pollinators 

are declining worldwide (Biesmeijer et al., 2006; National Research Council, 2007; van 

Engelsdorp et al., 2010; Potts et al., 2010). Therefore, declining pollinators have cascading 

effects in biodiversity and food security. 
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India is an exceptionally biodiverse country. Despite the country’s vast geography and diverse 

ecosystems, pollinators of Indian flora, particularly vertebrates, are poorly studied using 

macroecological methods. Most studies are small scale and focused on the pollination systems 

of one or a few plant species (Raju and Reddi, 1989; Ganesh and Devy, 2000; Tandon et al., 

2003; Raju et al., 2005; Kulloli et al., 2011; Erancheri et al., 2013; Kuriakose et al., 2018). Some 

studies have explored local or regional pollination patterns (Devy 1998; Somnathan and Borges 

2000, 2001; Pandit and Choudhury 2001; Devy and Devidar, 2003; Raju et al., 2005; Sinu et al., 

2011; Prasannakumar et al., 2013; Khanduri and Kumar, 2017).  

Birds and mammals (particularly bats) are important pollinators in India and pollinate a wide 

variety of economically and medicinally important plants (for example, Helicteres isora: stem bark 

for fibre (Atluri et al., 2000), Ceiba pentandra: fibres for bedding and cushion materials, seed oil 

for the soap industry (Nathan et al., 2005), Amomum subulatum: spice (Sinu et al., 2011), 

Boswellia ovalifoliolata: gum for mouth, throat and stomach ulcers, fever, stomach pain, scorpion 

sting; bark decoction for joint or rheumatic pains (Raju et al., 2013), Cochlospermum religiosum: 

gum for cough, diarrhoea, dysentery; dried leaf and flower for sedatives and laxatives (Erancheri 

et al., 2013), Bombax ceiba: seed oil for the soap industry, floss for pillows, cushions and quilts 

(Khanduri and Kumar, 2017)). The paucity of large-scale information on pollinator biodiversity 

and related extinction risks are major gaps in bird and mammal pollinator conservation in India. 

The study of pollinator decline is sparse, and it is not yet on the top priority list for India (Pannure, 

2016). 

Therefore, to prevent pollinator biodiversity loss and maintain the essential pollination services in 

India, it is very important to explore current pollinator diversity, distribution, threatened species, 

rate of declines and regions of decline for effective conservation and policy implementation. 

Currently there is no integrated study investigating pollinator biodiversity, distribution, and the risk 

of extinction on a large-scale perspective. To address these issues, I set up 4 questions: 

i) What proportion of bird and mammal pollinators are threatened in India? 
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ii) How does body size predict threat and decline in Indian bird and mammal pollinators?  

iii) How do phylogenetic relationships influence Indian bird and mammal pollinator’s threat 

and populations? 

iv) What extrinsic factors threaten Indian bird and mammal pollinators? 

To address these questions, I created a dataset which covers bird and mammal pollinator 

species that have been recorded in the Indian literature. 
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4.3 Materials and Methods 

4.3.1 Indian vertebrate pollinators 

The database of pollinators used in this chapter was a subset of the pollinator species that has 

been recorded as pollinators in India from the global dataset. A total of 99 vertebrate pollinators 

were identified, including 80 bird, and 19 mammal pollinator species. There are currently no 

studies reporting reptiles as pollinators in India. A detailed methodology of pollinators collection 

described in Chapter 2 – General Methods, where further details can be found. 

4.3.2 Providing IUCN Red List and Population trends for Indian bird and mammal 

pollinators 

I used the IUCN database to explore the recent Red List and population trends. All bird (80) and 

mammal (19) species found IUCN Red List assessment data. But the availability of population 

trends data was available only for 69 of the 80 bird and 16 of the 19 mammal pollinators. 

4.3.3 Assessing extinction risk and population decline in Indian pollinators and 

generalist species 

To compare threat and population trends between the Indian pollinator groups and Indian 

generalist species, Red List and population trend data were extracted from the IUCN database 

for an extant 1210 bird (bnhsenvis.nic.in) and 423 mammal species (Sharma et al., 2015). The 

assessment was carried out as described in Chapter 2. 

4.3.4 Narrow and broad ranged categorization 

4.3.4.1 Extraction and intersecting of range maps 

Range maps are often used to estimate the geographic boundary of a particular species (Jetz et 

al., 2008). The geographical boundary varies between the species (Gaston, 1994). The smaller 

the geographic range, the higher the extinction risk (Cardillo et al., 2008; Sodhi et al., 2008; 

IUCN, 2018; Rocha-Ortega et al., 2020). With an aim to explore the extinction risk among Indian 

bird and mammal pollinators based on the range size, I retrieved extension of occurrence (EOO) 
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maps for 73 bird and 19 mammal pollinators from the IUCN Red List data portal 

(www.iucnredlist.org, accessed between 31/07/2021-02/08/2021). To estimate the geographical 

range of species in India these range maps were then imported and intersected across the 

geographic boundary of India using the function st_intersection from the R package sf (Pebesma, 

2018). 

4.3.4.2 Creation of shapefiles 

The range maps for 7 Indian bird pollinators (Anthus novaeseelandiae, Chloropsis 

cochinchinensis, Dicrurus adsimilis, Hypsipetes madagascariensis, Oriolus oriolus, Prinia 

subflava, Pycnonotus melanicterus) were unavailable in the IUCN data portal, therefore, I used 

IBP (India Biodiversity Portal, www.indiabiodiversity.org) to extract the occurrence data 

(accessed 1/08/2021, covering 1932 to 2021) for creating range maps. With a view that the IBP 

is India’s official data supplier to GBIF. Therefore, it will be holding more updated and recent 

species records than the GBIF. Before creating shapefiles, the occurrence data needed to be 

cleaned because they can often contain erroneous species coordinates. I removed all species 

records outside of the species range (i. e., species outliers or faraway coordinates) and in the 

sea (coordinates recorded in the sea) using R package CoordinateCleaner (Zizka et al., 2019). 

Using the cleaned species coordinates such as longitude and latitude I displayed the spatial 

distribution of species. Then I created a minimum convex polygon surrounding all occupied 

points of the species using the function convex_hull from the package sp (Bivand et al., 2013). 

Next, I intersected these species polygons that were projected out of the geographical 

boundaries of India (including projecting into sea) using the function st_intersection from the 

same package. Hence, I created an EOO shapefile for these species. 

4.3.4.3 Estimating range size 

The IUCN range maps consist of various information such as species presence (extant, extinct, 

presence uncertain), origin (native, introduced, vagrant) and seasonality (resident, breeding non-

breeding, passage). Range maps were imported using the R package raster (Hijmans, 2021). 
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Originally in polygon format I reprojected each map into Lambert azimuthal equal-area projection 

using the function st_transform from the package sf (Pebesma, 2018) before the analysis. As this 

method has minimal distortion and deviation in area compared to other equal-area approaches 

(White et al., 1992). I calculated EOO as the area (Km2) of a minimum convex polygon 

surrounding all occupied territory of each species using the R statistics software (R Development 

Core Team, 2020). By excluding invasive (introduced) and vagrant ranges (species is recorded 

once or sporadically), I considered a species range size as the sum of the native resident, native 

breeding and native non-breeding ranges of the species. I estimated this range size for 80 birds 

and 18 mammal species (total bird species = 80 and mammal species = 19). But a mammal 

species, Rattus rattus, is an introduced species that became a resident species in India and 

helps the reproduction of plants. Therefore, it was inevitable to estimate and include the 

introduced range size of this species in the analysis. 

4.3.4.4 Segregation of broad and narrow ranged species 

After the estimation of range size, species were categorized into range size quartiles (see 

publications: Jetz and Rahbek, 2002; Szabo et al., 2009; Geng et al., 2012). There are a total of 

four quartiles (for example, 25, 50, 75 and 100%). The species’ ranges falling in the first quartile 

(<25%) are considered as narrow ranged and the species’ ranges falling above this quartile 

(>25%) are considered as broad ranged species. The analysis is performed for bird and mammal 

pollinators. As a result, the bird group contains 60 broad and 20 narrow ranged species, and the 

mammal group contains 14 broad and 5 narrow ranged species. These categorized species were 

used for subsequent analysis in the chapter. 

4.3.5 Richness map of Indian pollinators 

To prepare richness maps for Indian pollinators, the available occurrence data for 80 bird and 19 

mammal pollinators were downloaded from GBIF and the India Biodiversity Portal. The mammals 

were poorly recorded in both databases, therefore, to maximise the occurrence data I additionally 
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collected 136 occurrence records for 17 mammal pollinators from various published sources 

(appendix IV). Hence, I created 5 richness maps for Indian pollinators  

i) Richness map for birds 

ii) Richness map for mammals 

iii) Richness map for decreasing birds 

iv) Richness map for decreasing mammals 

v) Richness map for threatened mammals 

To create species richness maps, I used point occurrences data (longitude and latitude). Firstly, I 

set up an India map which provides the map of states of the entirety of India (shapefile 

downloaded from www.igismap.com) using the function read from the R package sf (Pebesma, 

2018). Next, I created a 1x1 degree grid over the India polygon using the function make_grid 

from the package sf (Pebesma, 2018) and intersected it with the India map boundaries using the 

function st_intersection from the same R package. Next, I created convex hull polygons for each 

species by joining each species multipoint features using the function convex_hull from the 

above R package. Then, I spatially joined the convex hulls with the gridded India map using the 

function st_join from the sf package (Pebesma, 2018). Finally, I counted the number of 

overlapping polygons (i.e., species) for each grid cell, resulting in a species richness count. I 

used the R packages ggplot (Wickham, 2016) and sf (Pebesma, 2018) to visualize the gridded 

species richness patterns. 

4.3.6 Geological evolution of pollinators 

To explore the radiation of bird and mammal pollinators in correspondence with their geological 

origin I used the same phylogenetic trees explained above. To map, the tree data were imported 

using the R package phytools (Revell, 2012) and then I plotted the trees (phylogenies) using the 

function ggtree from the R package ggtree (Yu, 2020) by extracting the geological age of species 
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diversification from the R package deeptime (Gearty, 2021). The analysis has performed for bird 

and mammal pollinators. For the analysis I used 54 bird and 19 mammal pollinators. 

4.3.7 Effects of body size in threat and population trends of pollinators 

As for the full data set, the effect of body mass and body length on threat and population trends 

was assessed with logistic regression. For threat and population trends, I tested body mass and 

body length as a predictor variable with threatened status (1 - threatened, 2 - non-threatened) 

or the population trends (1 - decreasing, 2 - stable or increasing) of pollinators as the response 

variables. Data Deficient and Unknown species were not considered for analysis. For threat 

status, I used a sample size of 17 mammal pollinators after removing species without body mass 

and Red List status. The analysis was performed only for mammal pollinators because none of 

the bird pollinators were threatened. For population trends, I used 66 bird, and 11 mammal 

pollinator species for the analysis. Body length and mass were log transformed prior to the 

analysis. 

4.3.8  Phylogenetic signal in population trends and threat status 

To understand whether changes in population trends and threat status are predicted by close 

relationships among species, I did phylogenetic signal analysis for population trends (for birds 

and mammals) and threat status (mammals only, no birds threatened). For population trends, I 

used Decreasing, Stable, and Increasing trends without consider species whose trend is 

Unknown. But for threat, all species had proper IUCN Red List data. I used phylo.signal.disc 

function as described in Chapter 3. A phylogenetic tree of Indian bird and mammal pollinators 

were downloaded from Jetz et al. (2012) and Upham et al. (2019) on 29/07/2021. The 

downloaded trees were processed and coded using the procedure explained in Chapter 3. For 

population analysis, I used 54 birds and 15 mammals. For threat status, I used 19 mammal 

pollinator species. 



118 
 
 

4.3.9 Extrinsic threat factors 

Indian bird and mammal pollinators are facing various types of threat. The available information 

is extracted for 2 bird and 12 mammal pollinators from the IUCN data portal.   

4.3.10 Body mass predicts hunting and trade of pollinators 

To understand the types of pollinators mainly vulnerable for hunting, I used a binary logistic 

regression model. For the analysis, I tested body mass as predictor variable with hunting status 

(1 - hunted, 2 - non-hunted) of pollinators as response variable. For the analysis, 17 mammal 

pollinators were used. However, due to insufficient data (only two species hunted) I did not 

perform analysis for bird pollinators. Body mass was log transformed prior to the analysis. To 

explore the use and trade of pollinators in the food and pet industries I used the same model. For 

the analysis, I tested body mass as predictor variable with food status (1 - food, 2 - non-food) or 

pet status (1 - pet, 2 - non-pet) of pollinators as response variable. The analyses were 

performed for bird, and mammal pollinators. For food and pet use, 76 bird, and 17 mammal 

pollinators were used for the analysis. Body mass was log transformed prior to the analysis.  

4.3.11 Habitat of pollinators 

To understand the primary habitat of Indian bird and mammal pollinators, I extracted information 

of habitat for 80 bird and 19 mammal pollinators from the IUCN data portal.  

4.3.12 Statistical analyses 

All the statistical analyses and mappings were performed using R software, version 4.0.3 (R 

Development Core Team, 2020). 
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4.4 Results 

4.4.1 Diversity of Indian vertebrate pollinators 

A total of 99 vertebrate species have been identified as vertebrate pollinators in India. Among 

them, 80 species are birds (5 orders, 31 families; Figure 4.1 & 4.2) and 19 species are mammals 

(4 orders, 7 families; Figure 4.1 & 4.2). No studies have reported reptiles as pollinators in India. 

The Indian bird and mammal pollinators represent 6.7 and 5.4% of the global bird and mammal 

pollinator species and 6.6 and 4.5% of Indian generalist (non-pollinating) species (Table 4.1). 

Table 4.1: The number of pollinator (and Indian generalist) species in India and across the world. 

Groups Pollinator species 
number 

World 
percentage 

Indian 
Generalist 

Indian 
pollinators 

Indian 
percentage 

India World    

Aves 80 1188 6.7 1210 80 6.6 
Mammalia 19 350 5.4 423 19 4.5 

 

 

 
Figure 4.1. Percentage of pollinator species from various families of (a) bird and (b) mammal 

groups in India. For bird, the given families indicate the major families of this group and all the 

small families are pooled as other. If a family consists of 5 or more species, then considered as 

major family. For mammals, all reported families are included. 
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Figure 4.2. Comparison of total number of pollinator species recorded in the world and India. 

 

4.4.2 Threat status - Indian generalist v/s pollinator species 

The extinction risk assessment for Indian birds and mammals shows that in India, pollinator birds 

are less threatened than generalist bird species: no bird pollinators are threatened with extinction 

(Table 4.2; Figure 4.3). Mammalian pollinators, on the other hand, are threatened to the same 

extent as generalist mammals (Table 4.2).  

Table 4.2: A comparison in threat status between threatened generalist and pollinator bird, and 

mammal species in India. Differences between generalist and pollinator species in terms of the 

number of species facing threat were tested with a proportion test. In each case the chi squared 

value is reported alongside the significance value where NS P>0.1; + P<0.1; * P<0.05; ** P<0.01, *** 

P<0.001. 

   IUCN Conservation Status 

  

% Threatened Chi2 

Groups  DD LC NT VU EN CR N Threatened Lower Upper  

Aves  Generalist 1 1041 75 57 20 16 1210 7.69 7.69 7.77  

 Pollinator 0 79 1 0 0 0 80 0.00 0.00 0.00 5.53* 

Mammalia Generalist 34 275 27 43 36 8 423 22.37 20.57 28.61  

 Pollinator 0 14 0 3 2 0 19  26.32 26.32 26.32 0.015NS 
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Figure 4.3. The percentage of threat among Indian generalist and pollinator bird and mammal 

species. The current, lower and upper bar of each group indicates the current, lowest and highest 

threat percentage. The values for current, lower and upper threat are taken from the table 4.2. 

 

Among mammal pollinators, the narrow ranged pollinators are significantly more threatened than 

the broad ranged pollinators (Table 4.3). 

Table 4.3: Extinction risk of the India’s pollinators organized as groups. Differences between the bird and 

mammal pollinators in terms of the percentage of threat were tested with Fishers Exact test (FE test). In 

each case the odds ratio is reported alongside the significance value where NS P>0.1; + P<0.1; * P<0.05; 

** P<0.01, *** P<0.001. 

  IUCN Conservation Status   % Threatened Odds 
ratio 

Groups DD LC NT VU EN CR N 
 

Threatened Lower Upper  

Aves 0 79 1 0 0 0 80 
 

0.00 0.00 0.00  
0*** Mammalia 0 14 0 3 2 0 19 26.32 26.32 26.32 

           
 

Aves 
          

 

Broad ranged 0 59 1 0 0 0 60 0.00 0.00 0.00 -- 
 Narrow ranged 0 20 0 0 0 0 20 0.00 0.00 0.00 

           
 

Mammalia 
          

 

Broad ranged 0 14 0 0 0 0 14 0.00 0.00 0.00  
0*** Narrow ranged 0 0 0 3 2 0 5 100.0 100.0 100.0 
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4.4.3 Population trends - Indian generalist v/s pollinator species 

Population decline follows the same pattern as extinction risk. Fewer species of bird pollinators 

are declining relative to generalist birds, whilst there was no significant difference in population 

decline between generalist and pollinator mammals (Table 4.4; Figure 4.4). 

Table 4.4: Pattern of population trends in Indian generalist and pollinator bird and mammal species. 

The table shows the proportion of species per group that are decreasing (Decr), stable, or 

increasing (Incr) in population size, according to global-scale measures produced by the IUCN. 

Differences between generalist and pollinator species in terms of the number of species facing 

population decline were tested with a proportion test. In each case the chi squared value is 

reported alongside the significance value where NS P>0.1; + P<0.1; * P<0.05; ** P<0.01, *** P<0.001. 

     IUCN Population Trends  

Groups Type  N Decr % Stable % Incr % Chi2 

Aves 
Generalist 1210 520 42.98  510 42.15 74 6.12  

Pollinator 80 15 18.75 46 57.50 8 10.00 17.15*** 

Mammalia 
Generalist 423  139  32.86  86 22.33   12   2.84  

Pollinator 19 9 47.37 4 21.05 2 10.53 1.13NS 

 

 
Figure 4.4. A comparison of population declines in Indian generalist and pollinator bird and 

mammal species. 
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Population trends varied across groups; many more mammal pollinators are declining (47%) 

relative to birds (19%; Table 4.5). Consequently, many broad and narrow ranged pollinators are 

declining. For birds, the broad ranged pollinators are declining more than the narrow ranged, but 

it is statistically not significant. For mammals, the narrow ranged pollinators are significantly more 

declining than the broad ranged pollinators (Table 4.5; Figure 4.5). 

 

Table 4.5: Patterns of population trends among Indian pollinator species. The table shows the 

proportion of species per group that are decreasing (Decr), stable, or increasing (Incr) in 

population size, according to global-scale measures produced by the IUCN. Differences between 

bird and mammal pollinators in population decline were tested with Fishers Exact test (FE test). In 

each case the odds ratio is reported alongside the significance value where NS P>0.1; + P<0.1; * 

P<0.05; ** P<0.01, *** P<0.001. 

    IUCN Population Trends 

Groups N Decr % Odds 

ratio 

Stable % Incr % 

Aves 80 15 18.75  

0.26* 

46 57.50 8 10.00 

Mammalia 19 9 47.37 4 21.05 2 10.53 

                 

Aves                

Broad ranged 60 12 20.00  

1.41NS 

31 51.6 7 11.6 

Narrow ranged 20 3 15.00 15 75.00 1 5.00 

                 

Mammalia                 

Broad ranged 14 4 28.57  

0* 

4 28.57 2 14.28 

Narrow ranged 5 5 100.0 0 0.00 0 0.00 

 



124 
 
 

 
Figure 4.5. Populations decline of broad and narrow ranged bird and mammal pollinators of India. 

 

4.4.4 Richness maps of Indian pollinators 

The species richness map of bird and mammal pollinators show they have a wide distributional 

pattern across India. Most bird species harbour particularly along the Western Ghats, a 

biodiversity hotspot, and parts of the Eastern Ghats and central India (Figure 4.6a & b). Mammal 

pollinators are largely occurring south of the Western Ghats (Figure 4.6b). Overall, the patterns 

show higher species occurrences in tropical parts of India. There are 5 mammal pollinator 

species threatened with extinction in India. The richness map shows all these threatened species 

concentrated in the south of the Western Ghats region (Figure 4.6d). The population declining 

maps show many bird and mammal pollinator populations declining across India. For bird 

pollinators, a peak population decline occurs in the north-eastern regions of India particularly in 

the Himalayan biodiversity hotspot and eastern regions of Eastern Ghats (Figure 4.6e). However, 

for mammal pollinators, populations decline is concentrated in the south of the Western Ghats 

biodiversity hotspot (Figure 4.6f). 
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Figure 4.6. Species richness (a-b), threatened species richness (c-d) and declining species 

richness (e-f) map of bird (a,c,e) and mammal (b,d,f) pollinators of India. No bird pollinators 

threatened in India (c). 

 

Eastern 

Ghats 

Western 

Ghats 
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4.4.5 Geological evolution of pollinators 

The evolutionary analysis for the radiation of Indian bird and mammal pollinators shows that both 

bird and mammal pollinators evolved in the Late Cretaceous period, which is around 80 million 

years ago (Figure 4.7a & b). Many bird pollinator lineages proliferated in the Paleogene and 

Neogene periods, whilst the mammal pollinator lineages mostly proliferated in the Neogene 

period (Figure 4.7a & b). 

 
Figure 4.7. Evolutionary radiation of Indian (a) bird and (b) mammal pollinator species with respect 

to geological time (millions of years).  
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4.4.6 Body size as predictor of threat and population trends 

Body size had no effect on threat or population trends of bird or mammal pollinators (Table 4.6), 

suggesting that body size is not a predictor of threat or population decline in Indian pollinators. 

Table 4.6: Logistic regression for the effects of body size on threat status or population trends of 

bird and mammal pollinators. The models were fitted to predict the threat status (threatened and 

non-threatened) or the population trends (Decreasing and Stable/increasing) as a function of body 

size (body mass and length). For the models, the parameter estimates are shown with standard 

deviation and the significance level. 

  Birds   Mammals   
  Estimate (SE) Z P Estimate (SE) Z P 

Threat Body Mass -- -- -- -9.137(8.590) -1.064 0.287 
 Body Length -- -- -- 3.507(10.022) 0.350 0.726 
 Mass:Length -- -- -- 2.559(3.025) 0.846 0.398 
Populations Body Mass 2.617(7.212) 0.363 0.717 19.375(13.869) 1.397 0.162 
decline Body Length 5.976(5.918) 1.010 0.313 15.913(16.518) 0.963 0.335 
 Mass:Length -1.388(2.964) -0.468 0.640 -7.306(5.503) -1.328 0.185 

 

4.4.7 Phylogenetic Signal in population trends and threat status 

The analysis could not detect a phylogenetic signal in population trends (bird: observed 

transitions = 17, randomized median = 18, P = 0.307; mammal: observed transitions = 6, 

randomized median = 6, P = 0.999; Figure 4.8a & b) and threat status (mammal: observed 

transitions = 5, randomized median = 5, P = 0.999; Figure 4.8c) of Indian bird and mammal 

pollinators. This suggests that the population trends and threat status in pollinators are not 

because of close relationships among species. However, the small sample sizes may have 

hindered the ability to detect phylogenetic effects. It also shows that both younger and older 

species are threatened or declining. 
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Figure 4.8. Phylogenetic signal in population trends (a,b) and threat (c) of (a) bird and (b,c) mammal 

pollinators. No bird pollinators threatened in India. For population trends, the colour green 

indicates decreasing species, blue indicates stable species and aqua indicates increasing species 

in the tree. For threat status, the green colour indicates threatened species and blue indicates non-

threatened species. 

 

 

 

4.4.8 Extrinsic threat factors 

The Indian bird and mammal pollinators face several threats from various external factors. 

Biological resource uses such as logging, hunting, poaching, catching, snaring, and agricultural 

expansion such as cultivation, livestock farming, and ranching are the two most important threat 

factors which affect them (Table 4.7). Mammal pollinators are significantly more threatened than 

the birds from agricultural and biological activities (Table 4.7). 
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Table 4.7: Various levels of external threat faced by various threatened and non-threatened Indian 

pollinators. A single species may be affected by more than one threat factor. Numbers of species 

are reported with the % of total species in that group represented in brackets. Differences between 

the bird and mammal pollinators in terms of the number of species facing each threat were tested 

with Fishers Exact test (FE test). In each case the odds ratio is reported alongside the significance 

value where NS P>0.1; + P<0.1; * P<0.05; ** P<0.01, *** P<0.001. 

Threat Birds Mammals Odds ratio 

Agriculture 1 (1.25) 8 (42.1) 0.02*** 

Biological resource use 2 (2.5) 12 (63) 0.02*** 

Climate change -- 1 (5.2) -- 

Energy production -- 2 (10.5) -- 

Human disturbances -- 2 (10.5) -- 

Natural system modification -- 5 (26.3) -- 

Developmental activities -- 2 (10.5) -- 

Transportation and corridors -- 1 (5.2) -- 

Pollution -- 1 (5.2) -- 

 

 

4.4.9 Hunting and trade of Indian pollinators 

Like global mammal pollinators, the larger Indian mammal pollinators were more vulnerable for 

hunting (Table 4.8; Figure 4.9). 

Table 4.8: Logistic regression for the effects of body mass on hunting status of mammal 

pollinators. The model fitted to predict the hunting status (hunted and non-hunted) as a function of 

body mass. For the model, the parameter estimates are shown with standard deviation and the 

significance level. 

 Hunting status 
 Estimate (SE) Z P 

Mammal 2.657(1.227) 2.164 0.030 
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Figure 4.9. Logistic regression statistics. Single regression model fitted to predict the hunting 

status (hunted, non-hunted) as a function of body mass (log converted) in mammals. The plot 

explains the probability of hunting of pollinators with increasing body mass in mammals. 

Pollinators classified into hunted and non-hunted as per the information given by IUCN. 

 

They also used in various industries. Birds are used significantly more often in the pet industry 

than mammals (Table 4.9). Whereas mammals are largely used in the medicine industry (Table 

4.9). Both bird and mammal pollinators are equally used in the food industry (Table 4.9). 

Table 4.9: Various levels of use and trade faced by bird and mammal pollinators. A single species 

may be used in different industries. Numbers of species are reported with the % of total species in 

that group represented in brackets. Differences between the bird and mammal pollinators in terms 

of the number of species being used in each trade were tested with Fishers Exact test (FE test). In 

each case the odds ratio is reported alongside the significance value where NS P>0.1; + P<0.1; * 

P<0.05; ** P<0.01, *** P<0.001. 

Various levels of use and trade  Birds Mammals Odds ratio 

Pet 68 (85) 3 (16) 28.63*** 
Food 36 (45) 12 (63) 0.48NS 
Medicine 6 (7.5) 7 (37) 0.14** 
Sport hunting/Specimen collection 5 (6.2) -- -- 
Wearing apparels -- 1 (5.2) -- 
Handicraft/Jewelry -- 1 (5.2) -- 
Research -- 1 (5.2) -- 

 

The larger bodied bird pollinators were mainly used in the food industry (Table 4.10; Figure 4.10). 

Though the body mass does not predict the use of mammal pollinators in the food industries 
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(Table 4.10). Similarly, it does not predict the use of bird and mammal pollinators in the pet 

industry (Table 4.10). 

Table 4.10: Logistic regression for the effects of body mass on use for food and pet status of bird 

and mammal pollinators. The model fitted to predict the use for food (food and non-food) and pet 

status (pet and non-pet) as a function of body mass. For the model, the parameter estimates are 

shown with standard deviation and the significance levels. 

 Food Pet 
 Estimate (SE) Z P Estimate (SE) Z P 

Bird 2.319(0.689) 3.363 0.001 1.452(0.939) 1.546 0.122 
Mammal 1.646(0.884) 1.862 0.063 8.761(8.234) 1.064 0.287 

 

 

Figure 4.10. The plot explains the probability of exploitation of bird pollinators. Logistic regression 

model was fitted to predict the use of bird pollinators for food as a function of body mass (log 

converted). Pollinators were classified into use for food/non-food as per the information given by 

IUCN. 

 

Also, I identified various legal/illegal trades of pollinator species in local, national, and 

international industries. Both bird and mammal pollinators are threatened from various factors. 

Birds are significantly more used as food and pet in the national markets than the mammal 

pollinators (Table 4.11). But mammal pollinators are largely used in the local medicinal industries 

than the birds (Table 4.11). 
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Table 4.11: Use and trade of Indian pollinators in various local, national, and international 

industries. A single species may be used in various industries. Numbers of species are reported 

with the % of total species in that group represented in brackets. Differences between the bird and 

mammal pollinators in terms of the number of species being used in each industry were tested with 

Fishers Exact test (FE test). In each case the odds ratio is reported alongside the significance value 

where NS P>0.1; + P<0.1; * P<0.05; ** P<0.01, *** P<0.001. 

Industries  Birds Mammals Odds ratio 

 
Food 

Local 36 (45) 12 (63) 0.48NS 
National 35 (44) 3 (16) 4.09* 
International -- -- -- 

 
Pet 

Local 25 (31) 3 (16) 2.40NS 
National 27 (34) 2 (10.5) 4.27* 
International 43 (54) -- -- 

 
Medicine 

Local 6 (7.5) 7 (37) 0.14** 
National 6 (7.5) -- -- 
International -- -- -- 

 
Sport hunting 

Local 5 (6.2) -- -- 
National -- -- -- 
International -- -- -- 

Specimen 
collection 

Local -- -- -- 
National 5 (6.2) -- -- 
International -- -- -- 

 

4.4.10 Habitat of Indian pollinators 

The result shows that Indian pollinators can tolerate a wide variety of habitat types. Among them, 

the forest, artificial/human modified, and shrublands are the dominant habitat of most bird and 

mammal pollinators (Figure 4.11). 

 

Figure 4.11. Habitat of Indian bird and mammal pollinators. A single pollinator species may be able 
to live in more than one habitat type. Each pollinator’s habitat has been extracted from the IUCN 
database. 
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4.5 Discussion 

My study on the patterns and drivers of extinction risk in Indian vertebrate pollinators provides 

supporting evidence for the threats they face, but these patterns and drivers had a varying effect 

in the pollinator threat. The absence of threat in bird pollinators indicates they are far away from 

being at risk of extinction and their ecological roles are not in imperilled state. But I found more 

than a quarter of Indian mammal pollinators are facing extinction risk. This level of threat 

surpasses the threat noticed for global birds (IUCN, 2020), global pollinator birds, global 

mammals (IUCN, 2020), global pollinator mammals, global reptiles (IUCN, 2020), global 

pollinator reptiles, freshwater fishes (Cumberlidge et al., 2009) and odonates (Clausnitzer et al., 

2009) but lower than amphibians (IUCN, 2020), crayfish (Richman et al., 2015), freshwater crabs 

(Cumberlidge et al., 2009) and corals (IUCN, 2020) of the world. Also, mammal pollinators are 

less threatened than the freshwater crab and crayfish of Sri Lanka, Malaysia, Thailand, Taiwan, 

Indonesia, Ecuador and North America but they are more threatened than the crab and crayfish 

of Colombia, Venezuela, Brazil, China and Australia (Taylor et al., 2007; Cumberlidge et al., 

2009; Furse et al., 2011; Yeo et al., 2014). 

Among the 5 threatened mammal pollinators, 3 pollinator species (Macaca silenus, 

Trachypithecus johnii, Latidens salimalii) had been listed in the Schedule Ist of the Indian Wildlife 

Protection Act 1972, therefore, they get strict legal protection. But the other 2 threatened species, 

Platacanthomys lasiurus and Funambulus sublineatus (both endemic to southern Western 

Ghats) have been listed in the Schedule V, which provides no legal protection and can be 

captured or killed by the public. Therefore, it is urgent to consider these species in any Schedule 

from I to II (Schedules give maximum legal protection) for their formal protection. Otherwise, 

these threatened pollinators will be the first to disappear from India. 

Studies reported increased levels of population declines (Ceballos and Ehrlich, 2002; Burkle et 

al., 2013; Thomas, 2016; Ceballos et al., 2017). Population declines of Indian bird pollinators is 

lower than amphibians (Stuart et al., 2004), global birds (IUCN, 2020), global pollinator birds, 
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global mammals (IUCN, 2020), global pollinator mammals but higher than the global reptiles 

(IUCN, 2020) and global pollinator reptiles. Whereas population declines in mammal pollinators 

exceeds all the above groups, indicating that further population decline would increase the future 

number of threatened pollinators. Although, a high percentage of threat and large-scale 

population declines in generalist species are underway. 

Of the 8 endemic pollinators, 3 species (Ratufa indica, Funambulus tristriatus, Paradoxurus 

jerdoni) are broad ranged and non-threatened. It indicates these species might be facing less 

threat from the anthropogenic factors in their ranges. But the remaining 5 species (Funambulus 

sublineatus, Platacanthomys lasiurus, Trachypithecus johnii, Macaca silenus, Latidens salimalii) 

are narrow ranged and currently threatened with extinction. These threatened species are mostly 

confined to the southern parts of India, particularly in the Western Ghats region. The rapid 

developmental activities and habitat destruction in this region will make extinction of these 

species more likely (Prasad, 1998; Jha et al., 2000; Giriraj et al., 2008; Kumar et al., 2013; Reddy 

et al., 2016; Ramachandra et al., 2018) because they are more vulnerable to human 

disturbances or climate change and they have limited opportunity to expand their ranges (Cardillo 

et al., 2005), thus, losing their important ecosystem services. The sufficient Red List of Indian 

pollinators suggests the observed threat patterns will be strong and no chance for altering or 

uncertainty in the estimated threat. 

India does not have its own organisation to assess and document species threat and population 

trends, and this has always been done in cooperation with the IUCN organization. Importantly, it 

is possible that there may be more species likely to be threatened and experiencing large scale 

population decline. Thus, it is essential for India to have a specific conservation organization, like 

IUCN, which focuses on assessing and recording conservation and population trends of Indian 

wildlife. 

As far as I know this is the first study to explore the spatial distributional pattern of Indian 

pollinators. The wide distributional pattern in bird pollinators relative to mammal pollinators could 
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be related to their evolutionary radiation after the collision of the Indian landmass with Eurasia 

(35 - 40 million years ago) in the Paleogene and Neogene periods (Beck et al., 1995; Kumar et 

al., 2007; Bouilhol et al., 2013). Before colliding with Eurasia (50 – 55 million years ago), the 

drifting Indian landmass had experienced a large-scale species extinction due to the volcanic 

activities and latitudinal shift in its northward movement in the Late Cretaceous period 

(Thewissen and McKenna, 1992; Conti et al., 2002; Samant and Mohabey, 2009). These 

extinctions are likely to have created a vast opportunity and opened up new niches for the bird 

species. It seems that many birds began to radiate much earlier than the mammal pollinators. A 

high dispersal ability (flying) and re-establishment of wet evergreen forests in the Early 

Paleocene after the extensive volcanic activity might have been an advantage for the wide scale 

distribution of bird pollinators in India (Prasad et al., 2009). 

The pollinators threatened in the southern parts of India will be related to habitat loss from high 

human population densities and associated issues like agriculture expansion, livestock grazing, 

fuel wood collection, timber collection, dam construction, roads and corridors construction in this 

region (Prasad, 1998; Jha et al., 2000; Giriraj et al., 2008; Kumar et al., 2013; Reddy et al., 2016; 

Ramachandra et al., 2018). Cincotta et al. (2000) reported that Western Ghats biodiversity 

hotspot is one of the most highly threatened and densely human populated hotspots in the world, 

where several species are declining from human activities (Davidar et al., 2007; Giriraj et al., 

2008; Kumara and Sinha, 2009; Pillay et al., 2011; Reddy et al., 2016; Warrier et al., 2020). The 

peak decline of bird pollinators in the eastern Himalaya and Indo-Burma biodiversity hotspots 

indicate the large-scale exploitation of bird species from this region (Velho et al., 2012). 

Evidence shows a higher threat and population decline in many generalist species across India 

(Pal, 1993; Raman et al., 1995; Ramakrishnan et al., 1999; Unnithan, 2000; Bhatnagar et al., 

2006; Pandit et al., 2007; Joshi et al., 2009; Kumara and Sinha, 2009; Shah et al., 2011; Ticktin 

et al., 2012; Anil et al., 2014). But lack of a large-scale study that investigates the spatial 

distribution of extinction risk across all species is a drawback to comparing extinction with 
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pollinator species. Karanth et al. (2010) examined local extinctions of 25 mammal species in 

India and reported greater local extinction probabilities for many species. They found local 

extinction of tiger populations across India including the southern regions where pollinators are 

currently threatened. Similarly, global studies have identified that this region is one of the centres 

of many threatened bird, mammal, amphibians, reptiles, fishes, crabs and corals of the world 

(Carpenter et al., 2008; Collen et al., 2014; Ceballos et al., 2020). This highlights the need for 

immediate conservation actions to protect species becoming extinct.  

A decline in pollinators can change plant communities (Cardinale et al., 2012; Brosi and Briggs, 

2013; Burkle et al., 2013), thus can cause parallel declines in the plants that rely upon them 

(Biesmeijer et al., 2006; Potts et al., 2010). I found 35% of the plant species recorded in this 

study are pollinated by bird and/or mammal pollinator species alone. Indicating the extinction of 

pollinators can affect the dependent plant species (Biesmeijer et al., 2006; Potts et al., 2010; 

Weiner et al., 2014). Importantly, the threatened pollinators and plants do not depend on each 

other. The plants pollinated by threatened pollinators already contain a pollinator spectrum that 

ranges from 2 – 21 pollinator species. Showing that certain plant species can survive to some 

extent by receiving services from other pollinators even if certain pollinators become extinct. But 

this survival would not be possible in a region which lacks a large enough spectrum of pollinators, 

as pollinators vary geographically (Kobayashi et al., 2015, 2018, 2019). This could result in local 

scale extinctions of pollinators and dependent plants. Species richness is often scale dependent 

(Whittaker et al., 2001; Rahbek, 2005; Keil et al., 2011), and, if the scale changes, the pattern 

changes (McPherson et al., 2006). The current distributional pattern of bird and mammal 

pollinators may have been overestimated by using 1x1 degree grid cells and further works with 

fine grids will be useful to understand the exact patterns. 

My study did not support the fact that body size effects on threat and decline of species that 

found in previous studies (Cardillo, 2003; Cardillo et al., 2005; Hutchings et al., 2012; Comeros-

Raynal et al., 2016; Ripple et al., 2017). Though this was apparent in the global dataset. The 
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trend in the Indian pollinators suggests threatened and non-threatened species or stable and 

declining species have similar body sizes. The low sample size of bird (for population = 66 

species) and mammal (for threat = 17 species, population = 11 species) pollinators are likely to 

have affected the result. Hence, a large-scale analysis with entire bird or mammal species is an 

urgent work and this would confirm the overall effect of body size in Indian species. Evidence 

shows the uncontrolled extirpation of wildlife in early India and many of these species are large 

bodied and predators. More than 80,000 tigers (Panthera tigris) were killed from 1875 to 1925 

(Rangarajan, 2005). About twice that number of leopards (Panthera pardus) and almost 200,000 

wolves (Canis lupus) were also killed in the similar period (Rangarajan, 2005). In the 1960s the 

Asiatic cheetahs (Acinonyx jubatus) were becoming locally extinct from India (Divyabhanusingh, 

2002). There are several species in India currently facing higher risk of extinction. It has been 

estimated the extinction probability for 25 large mammals in India across a 100-year timeframe. 

The estimated extinctions are to be 96% for Asiatic lions (Panthera leo persica), 90% for swamp 

deer (Cervus duvauceli), 81% for mouse deer (Moschiola meminna), 71% for Nilgiri tahr 

(Hemitragus hylocrius) and 66% for wild buffalo (Bubalus arnee) (Karanth et al., 2010). 

Several large-bodied bird species are also threatened and declining throughout India. For 

example, the great Indian bustard (Rahmani, 1996; Ishtiaq et al., 2011), western tragopan 

(Tragopan melanocephaus), Nicobar megapode (Megapodius nicobariensis) (Sankaran, 1995) 

great hornbill (Buceros bicornis) (Sethi and Howe, 2009) and white-winged wood duck (Cairina 

scutulata) (Green, 1993) are highly threatened with extinction. All these studies indicate higher 

extinction pressure on large-bodied species of India but until now there are no large-bodied 

pollinators that have become completely extinct in India. The lack of phylogenetic signal in threat 

and population trends of Indian pollinators shows that threat and population decline in pollinators 

are not due to phylogenetic relatedness among species. However, much caution will be given 

while interpreting the result. The low sample size for bird (for population = 54) and mammal (for 

population = 15, threat = 19) pollinators used in the analysis comes from 25 and 7 different 

families. Thus, the phylogenetic unrelatedness in pollinators may have affected this pattern. 
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Studies rarely focus and assess the scale of decline in natural pollinators in India (Pannure, 

2016). But my study reports bird and mammal pollinators in India are threatened from various 

anthropogenic factors (cultivation, livestock farming and ranching, hunting, poaching, killing, and 

snaring). This study agrees with the previous studies that identified habitat loss and exploitation 

are the major causes of species vulnerability in pollinating and non-pollinating species (Stuart et 

al., 2004; Regan et al., 2015; Ripple et al., 2017; Lagat and Causaren, 2019). All bird pollinators 

in India already have formal protection by placing them (because of their non-pest status) in the 

Schedule IV of Indian Wildlife Protection Act, 1972. By prohibiting illegal hunting this act was 

responsible for halting the large-scale decline of many species in India. However, it is an open 

question how effective this legislation is in the conservation of bird species overall. Studies have 

reported wide scale hunting of many protected bird species in India (Aiyadurai, 2011; Velho et al., 

2012; Ramachandran et al., 2017), suggesting weak law enforcement. 

But the scenario is different for mammal pollinators, where only seven species have legal 

protection (Latidens salimalii, Macaca mulatta, Macaca silenus, Paradoxurus jerdoni, Petaurista 

petaurista, Ratufa indica, Trachypithecus johnii), and the remaining 12 pollinator species do not 

have any form of protection (Cynopterus brachyotis, Cynopterus sphinx, Eonycteris spelaea, 

Sphaerias blanfordi, Pteropus giganteus, Rousettus leschenaultii, Funambulus palmarum, 

Funambulus sublineatus, Funambulus tristriatus, Platacanthomys lasiurus, Rattus rattus, 

Taphozous longimanus). More importantly, all fruit bats in India except an endangered fruit bat 

Salim Ali’s fruit bat (Latidens salimalii) have been placed in the Schedule V of this act and 

consider them as vermin or pest irrespective of their beneficial role in the ecosystem. Therefore, 

these species can be captured or killed. A general study has recorded the vulnerability of bat 

species to intensive agricultural expansion (Wordley et al., 2017). Further extensive studies that 

investigate how land conversion affects pollinator species will be beneficial for mitigating and 

taking appropriate conservation actions. 
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Hunting is a serious problem, and it is active in 23 of the 28 states and 7 union territories of India 

(Velho et al., 2012; Ghosh-Harihar et al., 2019). Velho et al. (2012) found that 114 mammal 

species are reported to be hunted across India, a small proportion of which are pollinator bats. 

Like global mammal pollinators, larger mammal pollinators in India are seriously suffering from 

hunting pressures. This could be because many mammal pollinators are bats and they often hunt 

for various purposes. Hunting of bats is legal in India, therefore, many pollinator bats are hunted 

for bushmeat, to cure respiratory disorders and menstrual problems (Chakravarthy et al., 2009; 

Vanlalnghaka, 2013; Debata and Palita, 2019). The unsustainable hunting kills, on average, 10% 

of bats in a roost, sometimes it could be as much as 30% in some areas of a single state in India 

(Chakravarthy et al., 2009). 

Studies have shown that the illegal wildlife trade is rife in India (Hansen et al., 2012; D'Cruze et 

al., 2015; Kumar et al., 2016; Sethi et al., 2019). The annual bushmeat (wild meat) extraction of a 

single household (family) in the north-eastern parts India ranges from, on average, 278 - 545 kg 

(Hilaluddin and Ghose, 2005). This constitutes various mammal and bird species including 

pollinator bats. Hunting bats for bushmeat is practiced in Kerala, India, where a wide age group 

of people consume bat meats including pollinating bats (Murugan et al., 2020). Therefore, urgent 

policy implementation is critical for mammalian pollinators, particularly species listed outside of 

the Indian Wildlife Protection Act (1972), for the maintenance of Indian biodiversity. The paucity 

of large-scale studies on hunting of birds underestimated the actual impact on them in India 

(Velho et al., 2012). Future studies on birds will be beneficial for identifying and mitigating the 

factors that make them vulnerable. 

Like global pollinators, the Indian bird and mammal pollinators are also inhabiting various 

habitats. The predominant habitat seems to be the forest, a similar pattern reported for the global 

pollinators. The management practices like protecting habitat by banning human activities and 

controlled land use should be implemented. Increasing forested or protected areas will be 

beneficial for maintaining the diversity of pollinators. Establishing new protected areas and 
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community reserves as a result of species distribution models will be useful to protect pollinators 

from climate related issues. A strict policy on hunting and commercial trade should be 

implemented for the protection of vertebrate pollinators. Community education on pollinators 

should be encouraged. 

Overall, the patterns of richness and extinction risk analysed in this chapter will be robust 

because all bird and mammal pollinators in India have enough distributional and Red List data. 

Therefore, there is no chance for uncertainty in the present estimation. India has a diversity of 

1,210 bird (bnhsenvis.nic.in) and 423 mammal (Sharma et al., 2015) species but here I could 

identify only 80 bird and 19 mammal species as pollinators. The inadequate studies on bird and 

mammal pollination will be a reason for this, hence may be underestimating the true diversity of 

these groups. It is possible that more species will be acting as pollinators. Future studies should 

be focused to identify more species for their better conservation practice. 
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4.6 Conclusion 

Studies on the extinction of Indian pollinators have been hardly considered, a gap I have 

attempted to address here. This study assesses the extinction risk and associated threat factor to 

Indian bird and mammal pollinators. 80 bird and 19 mammal pollinators were identified from the 

literature. The extinction risk analysis reveals that mammals are the only group threatened with 

extinction. However, both bird and mammal pollinator populations are increasingly declining. 

Narrow ranged mammals are more threatened and declining than the narrow ranged bird 

pollinators. The species richness maps show bird and mammal pollinators have almost similar 

distributional patterns with peak richness in the southern parts. The declining birds peak in the 

Himalayan and Indo-Burma biodiversity hotspots but for mammals it peaks in the Western Ghats 

biodiversity hotspot. 

Studies have highlighted that life history traits can severely predict extinction risk of species 

(Cardillo, 2003; Cardillo et al., 2005; Comeros-Raynal et al., 2016; Ripple et al., 2017). However, 

the body size is not predictor of threat and population decline in Indian pollinators. The lack of 

phylogenetic signal shows unrelatedness in threatened and population declining species. 

Though, Indian bird and mammal pollinators are mainly threatened from habitat loss due to 

agricultural expansion and biological activities like hunting and legal and illegal trades for food 

and pets in local and national markets. 
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5 Chapter 5: What is the importance of pollinators 

to the biodiversity and economy of India? 
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5.1 Abstract 

The mounting pressures to understanding the role or value of pollination in agricultural production 

and plant conservation have brought pollinator species to the top of the research agenda. Most 

crop plants, excluding cereals, are either completely or partially dependent on pollinators for 

fruit/seed production or show increased yield as a result of pollinator activities. A stream of 

studies has explored the economic value of insect pollination services across the world, and 

within the territory of India in particular. However, a comprehensive study on the economic value 

of pollination services driven by vertebrate species remains lacking in this country. To assess the 

economic value of vertebrate pollination services, the economic value and production data for 8 

plant species are extracted from a study conducted by Goraya and Ved (2017). I used the widely 

accepted methodology of Klein et al. (2007), Gallai et al. (2009), Gallai and Vaissiere (2009) with 

a contribution separation criterion (separating contribution of invertebrate pollinators from 

vertebrates) to assess the economic value of vertebrate pollination services. The value of 

vertebrate pollination services is estimated to be £2,856,115 or £2.8 million (₹281,612,946 or 

₹28.2 crores) and the contribution of bird pollinators is higher than mammal pollinators. The study 

also highlights the beneficial role of bat pollinators to the Indian economy and biodiversity 

through important ecosystem services. Thus, it emphasizes the need for the Government of India 

to revoke the status of fruit bats as vermin and list them as protected in the Schedules of Indian 

Wildlife Protection Act, 1972. 
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5.2 Introduction 

Pollination is a key ecosystem service (Costanza et al., 1997; Allen-Wardell et al., 1998; Kearns 

et al., 1998; Ricketts et al., 2008). Animal pollination contributes to the sexual reproduction of 

over 90% of the approximately 250,000 angiosperm plant species (Kearns et al., 1998). Hence, 

animals play a chief role in the maintenance of diversity of flowering plants in terms of species 

number, genetic variation, and richness of functional groups (Costanza et al., 1997; Balvanera et 

al., 2001; Díaz et al., 2006; Fontaine et al., 2005). The existence of this plant-pollinator 

interaction contributes to the integrity and sustainability of biodiversity on Earth (Bawa, 1990; 

Biesmeijer et al., 2006; Heystek and Pauw, 2014). 

Animal pollination is important to the sexual reproduction of most non-cereal crops and wild 

plants (McGregor, 1976; Williams, 1994; Nabhan and Buchmann, 1997; Kearns et al., 1998; 

Ashman et al., 2004). Studies show that food production depends directly or indirectly on 

pollinated plants (Klein et al., 2007; Kremen et al., 2007; Aizen et al., 2009; Calderone, 2012). 

Globally, about one-third of the human food is obtained from plant species that depend on 

pollinators to produce fruits and seeds (McGregor, 1976). In fact, 86 crops of the 124 main crops 

used directly for human consumption in the world are dependent on pollinators (Klein et al., 

2007). Pollinators, particularly bees, are essential to produce 84% of crop species cultivated in 

Europe (Williams, 1994). Biotic pollination improves the fruit/seed quality or quantity of about 

70% of 1330 tropical crops species (Roubik, 1995). Klein et al. (2007) and Eilers et al. (2011) 

found a large proportion of the human diet and essential nutrients come from animal pollinated 

crops.  

Crop pollination has been identified as an endangered ecosystem service (Allen-Wardell et al., 

1998; Kearns et al.,1998; Kevan and Phillips, 2001; Potts et al., 2010). Pollinators enhance the 

fruit quality and the economic value of crop production (Klatt et al., 2013; Garratt et al., 2014). 

Given their importance, several studies have recorded the decline of pollinators (Buchmann and 

Nabhan, 1996; Biesmeijer et al., 2006; Potts et al., 2010; Cameron et al., 2011), as a result, crop 
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pollination may be at risk, with economic implications and threats to global food security (Gallai et 

al., 2009).  

Insects (including both managed and wild bees) are considered significant pollinators throughout 

the world and they pollinate a large array of crops (McGregor, 1976; Free, 1993; Kremen et al., 

2002; Greenleaf and Kremen, 2006; Winfree et al., 2007, 2008; Garibaldi et al., 2011, 2013). 

However, it is not only invertebrates that have a key role as pollinators, but vertebrates also 

pollinate a variety of angiosperms and play a crucial role in the long-term maintenance of 

biodiversity and natural ecosystems (Proctor et al., 1996). Whilst much research has focussed on 

invertebrate pollination, the benefit of vertebrate pollination is not well appreciated. Vertebrate 

pollination is very common in the tropics; it occurs in colder regions but is comparatively less 

common. Both birds and mammals are good pollinators, they pollinate a wide variety of cultivated 

plants (Nabhan, 1996). They are essential for the reproduction of economically important crop 

species such as dragon fruits (Hernandez and Salazar, 2012), durian and beans (Bumrungsri et 

al., 2008, 2009; Aziz et al., 2017), agave cacti (Kunz et al., 2011) and feijoa (Vogel et al., 1984; 

Stewart and Craig, 1989) among others.  

Quantifying the real benefits of animal pollination is not easy due to its many complexities (for 

example, the lack of complete information on marketable and non-marketable products) (Klein et 

al., 2007; Chaudhary and Chand, 2017). There are many studies that have explored the 

economic value of pollination services (Losey and Vaughan, 2006; Klein et al., 2007; Gallai et al., 

2009). The economic valuation of pollination services is different from the economic valuation of 

a plant. The economic value of a plant is usually explored by simply multiplying production 

quantity with annual rate. But the economic value of pollination services is explored by 

multiplying the economic value of annual plant production with its pollinator dependence rate. 

Each plant has a dependence rate that is generally calculated as the dependency of a plant on 

pollinators for its pollination/production (Klein et al., 2007; Gallai et al., 2009; Gallai and 

Vaissiere, 2009). In India, studies conducted to assess the economic value of pollination services 
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have mainly focused on insect pollination (Goyal, 1993; Chaudhary, 1998; Chaudhary and 

Chand, 2017) and no study has attempted to highlight the contribution of vertebrate pollinators to 

the economy so far. Thus, India lacks information on the extent to which vertebrate pollinators 

contribute to the Indian economy. The ecological services provided by fruit bats are not 

appreciated by the public and conservation planners in India (Singaravelan et al., 2009). They 

have long been hunted for food and medicinal use and persecuted as fruit-eating pests 

(Singaravelan et al., 2009). Bats play an important role in pollination and disperse seeds of many 

tropical plants (Cox et al., 1991; Fujita and Tuttle, 1991). The lack of quantitative estimates on 

the role of fruit bats in delivering ecosystem services and a traditional belief that bats are pests 

by the Indian Wildlife Protection Act 1972, remains a drawback for policy making and 

implementing legal protection for bat pollinators in India. Hence, it is important to estimate their 

ecological service values. India also lacks information about the distribution of vertebrate 

pollinators and their pollinated plants. The paucity of information can affect their formal 

protection. Therefore, I also explore the distributional pattern of pollinators and plants in India and 

its protected areas. 

This study aims to address three core questions: 

i) How many plants are pollinated by vertebrates in India and what is their population, Red 

List and distributional patterns in India? 

ii) How many vertebrates pollinate these plants and what is their population, Red List and 

distributional patterns in India? 

iii) What is the contribution of vertebrate pollination to the Indian economy and how is this 

distributed across pollinator groups and species? 
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5.3 Materials and Methods 

A database of vertebrate-pollinated plants in India and data on their economic value and 

production quantity, where available, was compiled as described in chapter 2 (appendix II). 

5.3.1 IUCN Red List and Population trend data 

To understand the conservation status and population trend of vertebrate-pollinated plants and 

vertebrate pollinators, I used the IUCN database (www.iucn.org) to explore the Red List and 

population trend data for both groups. The Red List conservation status assessment was 

available for 30 of the 78 plant species and the population trend data was available for 20 of the 

78 plant species. Red List status was available for all bird and mammal pollinators (80 bird and 

19 mammal species). The population trend data were available for 69 of the 80 bird pollinators 

and 16 of the 19 mammal pollinators. 

5.3.2 Assessing ecosystem services of bat pollinators 

Fruit bats have long been hunted for food and medicinal use and considered as fruit-eating pests 

in India (Singaravelan et al., 2009). Except an endangered fruit bat, all fruit bat species in India 

are still categorised as vermin and kept in the Schedule V of the Indian Wildlife Protection Act 

1972. There were insufficient scientific studies on the beneficial roles of fruit bats in India when 

this Act was established (1972). Even since, most studies have focused on their ecological roles 

(for example, Elangovan et al., 2000; Raju et al., 2005; Gautam et al., 2009; Nathan et al., 2005, 

2009) rather than quantitatively assessing their ecosystem service values. The paucity of 

quantitative assessment and a general perception that fruit bats are pests by the Indian Wildlife 

Protection Act 1972, remains a disadvantage for policy making and implementing legal protection 

for bat pollinators in India. With a view to list them in protected status, I particularly focus on 

quantitatively estimating the ecological (pollination) service values of pollinator bats. There is 

insufficient information on the distributional pattern of pollinator bats in India, therefore, I explore 

this also. The method for assessment and mapping will be seen below. Studies have recorded 
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that the bat species Cynopterus sphinx, Pteropus giganteus, and Rousettus leschenaultii 

populations are declining as result of unsustainable hunting and frequent consumption in parts of 

India (Chakravarthy et al., 2009; Dey et al., 2013; Aul et al., 2014; Debata and Palita, 2019; 

Murugan et al., 2020; Vanlalnghaka, 2013, 2020). The continued exploitation can cause the local 

extinction of these species, removing their ecosystem services, ultimately leading to biodiversity 

and economic losses. These species pollinate many economically important plant species in 

India. Thus, exploring the distributional pattern of these species will help for implementing 

conservation practice across India. 

5.3.3 Mapping of plant and pollinator distributions 

Mapping of distributional patterns has important implications in conservation biology. It helps to 

identify the area of high and low richness of species, hence can protect species from extinction. 

As far as I know there is no study that explored the distributional pattern of pollinators and their 

plants in India and in its protected areas. There may be many species distributed outside of the 

protected areas, thus it will be critical for expanding the existing protected areas or establishing a 

new protected area and implementing other conservation measures for their proper conservation. 

The potential Indian vertebrate pollinators and their pollinated plant species have been explored 

from various studies. Detailed information regarding the criteria for selection of pollinators has 

been provided in chapter 2. To create maps for Indian vertebrate-pollinated plants and 

pollinators, the available occurrence data for 74 plant species (total 78 plant species) and 99 

vertebrate pollinators were downloaded from the GBIF and India Biodiversity Portal. I additionally 

collected 136 occurrence records for 17 pollinator species and 26 occurrence records for 17 plant 

species from various published studies to maximise the sample size (appendix IV). I created 3 

richness and 19-point occurrence maps. These richness maps are for: 

i) Exclusively bird-pollinated plants - I consider an exclusive bird or mammal pollinated 

plant species as a species that has been pollinated by only bird or mammal species 



149 
 
 

regardless of invertebrate pollination. Occurrence data for 37 plant species were used 

as data were unavailable for 3 plant species. 

ii) Exclusively mammal-pollinated plants - Occurrence data for 29 plant species were 

used as data were unavailable for 1 plant species. 

iii) Bat pollinators - Occurrence data for 8 pollinator species were used. 

The point occurrences maps were made for: 

i) Threatened bird-pollinated plants – Occurrence data for 1 species is used. 

ii) Threatened mammal-pollinated plants - Occurrence data for 1 species is used as it 

was unavailable for 1 species. 

iii) Bird-pollinated plant populations in decline – Occurrence data for 4 plant species 

were used. 

iv) Mammal-pollinated plant populations in decline – Occurrence data for 1 plant 

species was used. 

v) Distributional maps of bat species (Cynopterus sphinx, Pteropus giganteus, and 

Rousettus leschenaultii). 

vi) Threatened vertebrate pollinators in the protected areas - Occurrence data for 5 

pollinator species were used. 

vii) Threatened vertebrate-pollinated plants (bird and mammal) in protected areas - 

Occurrence data for 1 bird pollinated plant and 1 mammal pollinated plant species were 

used. 

viii) Plant species used for the economic value of pollination service assessments 

(Acacia sinuata, Bombax ceiba, Butea monosperma, Gmelina arborea, Helicteres isora, 

Madhuca longifolia var. latifolia, Oroxylum indicum, Woodfordia fruticosa). 

ix) Distribution of economic value assessed plants in protected area – Occurrence 

data for 8 plant species were used. 
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To create species richness maps, I used point occurrences data (longitude and latitude). Firstly, I 

set up an India map which provides the map of states of the entirety of India (shapefile 

downloaded from www.igismap.com) using the function read from the R package sf (Pebesma, 

2018). Next, I created a 1x1 degree grid over the India polygon using the function make_grid 

from the package sf (Pebesma, 2018) and intersected it with the India map boundaries using the 

function st_intersection from the same R package. Next, I created convex hull polygons for each 

species by joining each species multipoint features using the function convex_hull from the 

above R package. Then, I spatially joined the convex hulls with the gridded India map using the 

function st_join from the sf package (Pebesma, 2018). Finally, I counted the number of 

overlapping polygons (i.e., species) for each grid cell, resulting in a species richness count. I 

used the R packages ggplot (Wickham, 2016) and sf (Pebesma, 2018) to visualize the gridded 

species richness patterns. For distributional maps, I simply overlaid the point occurrences over 

India or protected area shapefiles. 

5.3.4 Evaluating the economic value of vertebrate pollination services 

5.3.4.1 Extracting production and economic value data 

To assess the level to which vertebrate pollination is an important factor to Indian biodiversity and 

economy. I extracted the economic value (value range per kilogram) and production quantities for 

the available plants from the study “Medicinal plants in India: An assessment of their demand and 

supply” conducted by Goraya and Ved in 2017, under the National Medicinal Plants Board, 

Government of India, and Indian Council of Forest Research Education, Government of India. It 

is a large-scale study that contains the information on annual production quantity and economic 

values of medicinally important plant species. The production quantity varies depending on the 

plants. For example, the fruits of Acacia sinuata (soapnut acacia) are valued in the market, thus 

the annual production quantity of this plant will be the sum of this product. But the plant species 

Bombax ceiba (cotton tree), its bark, fruit, flower, root, and gum are valued in the market. Then 

the annual production quantity of this plant will be the sum of the whole product. Also, the annual 
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rate of plant product indicates the market value range of a particular plant product of that year. 

These data were available for 8 pollinated plant species only. 

I also searched the production quantities and economic values for plant species in the databases 

such as the National Medicinal Plant Board (NMPB), department of agriculture and farmers 

welfare (agricoop.nic.in), and ministry of commerce and industry (commerce.gov.in) government 

of India. There was no information available about the production quantities and economic values 

of plant species except in the National Medicinal Plant Board. However, this database does not 

have sufficient information (about production quantity and price per kilogram) and the available 

information was limited to a maximum of six months. Therefore, I only considered the 8 plant 

species that have sufficient data to estimate the economic value of pollination. There was a total 

of 70 plant species which did not find both production and economic value data, thus, I excluded 

them from the economic analysis. 

5.3.4.2 Criteria for categorising vertebrate-pollinated plants 

I categorised all plants into self-incompatible and self-compatible plants based on plant’s 

reproductive system. I considered all the self-incompatible plants (reproduction only with foreign 

pollen) in the category essential by assuming there is no seed/fruit production without pollinator 

activities. For all self-compatible plants (reproduction possible with self-pollen), I considered the 

amount of seed/fruit production of each plant species to categorise them in any of the categories 

by assuming the higher pollinators activities will contribute a higher production rate regardless of 

their ability to produce through self-pollination as the production through self-pollination was 

minimal in most plants. The percentage of seed/fruit production data of each plant species has 

been taken from the available studies reported as a result of pollination experiments conducted 

either by manual pollination or pollinator visits to flowers.  

Next, I gave the dependency rate for each category as per the production rate of plants or the 

dependency of plants on pollinators for its production (Klein et al., 2007; Gallai et al., 2009; Gallai 

and Vaissiere, 2009). This is a type of categorisation which helps to understand how much a 
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plant depends on pollinators for its reproduction or pollinators contribute to its production. For 

example, whether a plant species needs animal pollinator(s) completely, partially or to a 

negligible degree for its reproduction. There were six groups and each one has a “Dependency 

Rate” or DR (Table 5.1). 

Table 5.1: Plant species grouped based on their degree of dependency for pollinators and the 

dependency rate of each groups according to Klein et al. (2007) Gallai et al. (2009) and Gallai and 

Vaissiere (2009). 

 

Groups 

 

% of reduction without pollinators 

 

Dependence Rate (DR) 

Essential Pollinators essential (production reduction by ≥ 90%) 0.95 

Great Great production increase/ animal pollinators are 

strongly needed (40 - < 90% reduction) 

0.65 

Modest Modest production increase/animal pollinators are 

clearly beneficial (10 - <40% reduction) 

0.25 

Little Little production increase /some evidence suggests 

that animal pollinators are beneficial (>0 - <10% 

reduction) 

0.05 

No increase No production increase with animal-mediated 

pollination 

0 

Unknown Empirical/ real studies are missing 0 

 

5.3.4.3 Economic value of animal pollination 

I estimated the economic value of animal pollination services (both vertebrates and invertebrates; 

in some instance a single plant species has been pollinated by both groups, hence it was 

inevitable to estimate them together and further details can be seen below) using the 

methodology of Klein et al. (2007), Gallai et al. (2009), and Gallai and Vaissiere (2009). I used 

the economic value and annual production data available for 8 plant species to assess the 
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economic value of pollination services. To do this, I averaged the total annual production of each 

plant species and converted them from the unit Metric ton to kilograms. Similarly, I averaged 

each plant’s annual value range. The economic value for each plant species has been explored 

by multiplying production with annual rate. 

EV = QT x AR 

Where EV = Economic value of plant products annually 

QT = Production Quantity of plants annually 

AR = Annual Rate of plant products 

Hence, the economic value of pollination service (EVP) for each plant species was derived by 

multiplying economic value (EV) of annual plant production with dependence rate (Table. 5.1). 

EVP = EV x DR 

DR = Dependence Rate (Table. 5.1)  

 

5.3.4.4 Economic value of vertebrate pollination 

There were certain plant species where both invertebrates and vertebrates are reported as 

pollinators (for example, Acacia sinuata, Gmelina arborea, Helicteres isora). It was necessary to 

separate the contribution of invertebrates to understand the real (‘relative’) contribution of 

vertebrates. Because of lack of estimated studies on the contribution of invertebrates and 

vertebrates separately, I used the total economic value of animal pollination and divided it by the 

number of pollinators (both invertebrates and vertebrates) recorded for each plant species. I 

assumed each pollinator species will contribute equally to the plant reproduction. Although, there 

are many reasons why this assumption might not hold, for example, the abundance of a single 

species may mean it contributes to a higher production success than other species, it was not 

possible to consider any of these facts in this assessment, as the data were not available. Most 
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Indian studies focused on finding pollinators or breeding systems of a plant species rather than 

quantifying the contribution of pollinators. 

Thus, I separated the contribution of vertebrate pollinators from invertebrates by simply 

assessing all vertebrate pollinator’s contribution for each plant species or removing the 

invertebrate’s contribution from the total animal pollination services value. 

Individual pollinator’s contribution = Value of animal pollination/total number of pollinators 

Value of vertebrate pollination = Sum of total vertebrate pollinators 

Next, I explored the pollination service value of each vertebrate pollinator. For this, I divided the 

total pollination value of each plant by its total pollinator species. 

Pollination service value of each vertebrate =      Total vertebrate pollination service value          

                                                                             Total number of vertebrate pollinators 
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5.4 Results 

5.4.1 How many plants are pollinated by vertebrates in India and what is their 

population, Red List and distributional patterns in India? 

A total of 78 plant species have been identified as vertebrate-pollinated plants in India. Among 

them, 48 and 38 plant species were pollinated by birds and mammals, respectively (Figure 5.1). 

Birds and mammals exclusively pollinated 40 and 30 plant species. However, among the 30 

mammal pollinated plant species, 28 species were exclusively pollinated by bats, 1 species by 

bat and non-flying mammals, and a single species by non-flying mammals alone. A few plant 

species that have been pollinated by bird and bats (4), bird and non-flying mammals (3), and 

bird, bat, and non-flying mammals (1). Within the 78 plant species, 9 plant species are endemic 

to India (Figure 5.1), 38 plant species are used for various medicinal purposes and 3 plant 

species commonly used for social forestry (IBP, 2020).   

 
Figure 5.1. Plant species pollinated by bird and mammal pollinator groups and endemic and non-

endemic plant species in India. 
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5.4.1.1 IUCN Red List status of vertebrate-pollinated plants 

Of the 78 vertebrate pollinated plant species, the IUCN Red List status shows that 27 are 

recorded as safe and only 3 plant species recorded as threatened in India (Table 5.2). However, 

48 plant species do not have a Red List status.  

Table 5.2: The IUCN Red List status of vertebrate-pollinated plants. 

Red List status Number of species  

Data Deficient 48 
Least Concern 27 
Near Threatened 0 
Vulnerable 3 
Endangered 0 
Critically Endangered 0 
Total 78 

 

The historical Red List status of plant species shows that the data on vertebrate-pollinated plants 

are increasing slowly. The data on Least Concern species increased from just 3 to 27 species 

within 20 years. The slope of number of Data Deficient species is currently declining (Figure 5.2). 

 
Figure 5.2. IUCN Red List data of vertebrate-pollinated plant species from the year 2000 to 2020. 
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5.4.1.2 Population trend of vertebrate-pollinated plants 

The population trend of vertebrate-pollinated plants shows that only 6 plant species populations 

are decreasing. But 58 plant species do not have adequate data on their population trends. 

Therefore, there may be a possibility that more plant species populations are declining in India 

(Table 5.3). 

Table 5.3: The IUCN population trends of vertebrate-pollinated 

plants. 

Population trends Number of species  

Stable 14 
Decreasing 6 
Unknown 58 
Increasing 0 
Total  78 

 

5.4.1.3 Status of pollinators and pollinated plants in India 

The Indian Wildlife Protection Act (1972) shows that 87 pollinator species are legally protected in 

India. Within these, 80 and 7 species are bird and mammal pollinators respectively. There is no 

legal protection for 12 mammal pollinators or any of the pollinated plant species in India (Table 

5.4). 

Table 5.4: Protected and unprotected status of pollinators and their plant 

species in India as per the Indian Wildlife Protection Act, 1972.  

Groups Protected Unprotected 

Pollinators 87 12 

Plants 0 78 

Total 87 90 
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5.4.1.4 IUCN Red List and population trends of plant species used in the economic 

value of pollination service assessment 

Among the 8 plant species that I used to assess the economic value of pollination services, the 

Red List and population trend data were available only for 3 and 1 plant species respectively 

(Table 5.5). 

Table 5.5: The IUCN Red List and population trend of plant species that used for the 

economic value of vertebrate pollination services. 

Red List status Total species  Population 
trends 

Total species  

Data Deficient 5 Stable 1 
Least Concern 3 Unknown 7 
Near Threatened 0 Decreasing 0 
Vulnerable 0 Increasing 0 
Endangered 0   
Critically Endangered 0   
Total  8               8 

 

 

5.4.1.5 Richness map of vertebrate-pollinated plants 

Species richness maps of bird-pollinated and mammal-pollinated plants show they are widely 

distributed across India. Both bird and mammal pollinator richness peak in the southern parts of 

India particularly the mammal pollinators richness peak along the Western Ghats biodiversity 

hotspot (Figure 5.3a & b). 
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Figure 5.3. Species richness map of exclusively a) bird-pollinated (N = 37) and b) mammal-

pollinated (N = 29) plants of India. 

 

5.4.1.6 Distribution map of threatened vertebrate-pollinated plants 

The threatened bird-pollinated and mammal-pollinated plant species also occur in the southern 

parts of India (Figure 5.4a & b) Though India has a large knowledge gap in the spatial patterns of 

threatened plant species. The maps show that almost all regions of India lack data on the 

distributional pattern of these plant species. It highlights the efforts needed to document them 

urgently. 
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Figure 5.4. Species distribution map of threatened a) bird-pollinated (N = 1) and b) mammal-

pollinated (N = 1) plants of India. 

 

5.4.2 Distribution maps of vertebrate-pollinated plants with populations in decline  

The available distributional data shows that bird-pollinated and mammal-pollinated plants with 

populations in decline in India are distributed in southern regions but there are large gaps 

between them (Figure 5.5a & b). This can also attribute large scale data unavailability on these 

plant species. 
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Figure 5.5. Species distribution map of a) bird-pollinated (N = 4) and b) mammal-pollinated (N = 1) 

plants of India with populations in decline. The colours of each point indicate a species. 

 

5.4.3 How many vertebrates pollinate these plants and what is their population, 

Red List and distributional patterns in India? 

As noted in chapter 4, a total of 99 vertebrate species have been identified as vertebrate 

pollinators in India. Among them 80 and 19 species were birds and mammals, respectively. In the 

80 bird species, 5 species are endemic, and the remaining species are non-endemic 

(widespread). Within the 19 mammal pollinators, 8 species are endemic, and 11 species are non-

endemic pollinators. Also, in the 19 mammal pollinators, 8 species are bats, and 11 species are 

non-flying mammals (for example, squirrels, monkeys, rats).  
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5.4.3.1 Species richness map of all bat pollinators and distribution map of 

Cynopterus sphinx, Pteropus giganteus, and Rousettus leschenaultii 

Bats have a poor reputation in India despite their status as pollinators. Therefore, I have 

analysed their distribution separately. Species richness map of bat pollinators shows higher 

richness in southern and south-eastern parts of India (Figure 5.6a). Studies cited bat species 

Cynopterus sphinx, Pteropus giganteus, and Rousettus leschenaultii are widely distributed in 

India. The results show that all bat species have wide-ranging distributions, but a peak density 

occurs in southern parts of India. But there are large gaps between their occurrences (Figure 

5.6b, c & d). 

 
Figure 5.6. The species richness map of a) all bats (N = 8) and distribution map of bat species b) 

Cynopterus sphinx, c) Pteropus giganteus, and d) Rousettus leschenaultii across India. 
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Figure 5.7. Bat species a) Pteropus giganteus, b) Cynopterus sphinx, and c) Rousettus 

leschenaultii. Photos taken from the global biodiversity information facility and India biodiversity 

portal. 
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5.4.3.2 The distribution of threatened vertebrate pollinators in the protected areas 

The distributional maps of threatened pollinators show all the threatened pollinators are 

distributed across the Western Ghats region of India (Figure 5.8). Their distributions fall both in 

the protected and unprotected areas of this region and many of them are distributed in the south 

of the Western Ghats (Figure 5.8). 

 

 
Figure 5.8. The distribution map of threatened mammal pollinator species (N = 5) in the protected 

areas across India. The colours of each point indicate a species. There are no bird pollinators 

threatened in India. 

 

5.4.3.3 Distribution of threatened vertebrate-plant species in the protected areas 

The distribution of threatened bird-pollinated and mammal-pollinated plant species show no plant 

species occurs in any protected areas (Figure 5.9a & b). 
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Figure 5.9. The distribution map of threatened a) bird-pollinated (N = 1) and b) mammal-pollinated 

(N = 1) plant species and the protected areas in the Western Ghats of India. The red coloured points 

indicate a species. 

 

5.4.4 What is the contribution of vertebrate pollination to the Indian economy and 

how is this distributed across pollinator groups and species? 

5.4.4.1 Economic value of vertebrate pollination services 

My study that assesses the economic value of vertebrate pollination services shows that animal 

pollinators are essential for the reproduction of 8 assessed plant species (Table 5.6). The degree 

of vertebrate pollinator dependency varied among the plant species (Table 5.6). The economic 

value of pollination services has been estimated for both animal (both vertebrates and insects are 

reported as pollinators, hereby animal pollinated) and vertebrate-pollinated plants. The total value 

of animal pollination services for the assessed 8 plant species was, on average, £4,614,604 or 

£4.6 million (₹455,000,000 or ₹45.5 crores; Crore is an Indian system of units. One crore is equal 

to 10 million, Table 5.7). The total economic value of vertebrate pollination services was 

estimated as £2,856,115 or £2.8 million (₹281,612,946 or ₹28.2 crores; Table 5.7). 
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Table 5.6: Plant species used for the assessment of economic value of vertebrate pollination services. Each plant species has been categorised into essential, 

great, modest, little, no increase and unknown based on the degree of dependency for pollinators. The degree of plant’s dependency was based on the 

reproductive system (for self-incompatible) and fruit/seed production rate (for self-compatible) of plant species as per the pollination experiment studies. The 

value of capacity to produce seed/fruits without pollinators are derived from the respective studies that cited for each plant species. 
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Acacia 
sinuata 

Birds  
Insects 

Raju and Rao, 2002 Insects - 12, Birds - 2 96% No Vertebrates - 2 
Insects - 12 

Strictly self-
incompatible 

Essential Data 
Deficient 

Non-
endemic 

Raju, 2007 Insects - 12   

Bombax 
ceiba 

Birds 
Mammals 
Insects 

Khanduri and Kumar, 2017 Birds - 13 80% No Vertebrates - 
34 
Insects - 1 

Strictly self-
incompatible 

Essential Least 
Concern 

Non-
endemic Bhattacharya and Mandel, 

2000  
Birds - 6   

Narang et al., 2000 Birds - 13   

Raju et al., 2005 Birds - 14,  
Mammals -3 
Insects - 1 

82%  

Butea 
monosperma 

Birds 
Mammals 
Insects 

Tandon et al., 2003 Birds - 1,  
Mammals - 1 

23%  Vertebrates - 6 
Insects - 3 

Self-
compatible 

Great Data 
Deficient 

Non-
endemic 

Narang et al., 2000 Birds - 5   

Singhal et al., 2006 Insects - 3 65% 5% 

Gmelina 
arborea 

Birds  
Insects 

Raju and Rao, 2006 Birds - 7 
Insects - 3  

92% No Vertebrates - 7 
Insects - 3 

Strictly self-
incompatible 
 

Essential Least 
Concern 

Non-
endemic 

Khanduri et al., 2019 Insects - 2 96%  
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Helicteres 
isora 

Birds 
Insects 

Atluri et al., 2000 Insects -4, Birds - 3 100% No Vertebrates - 
26 
Insects - 3 

Self-
compatible, 
but strictly 
need 
pollinators for 
seed/fruit 
production 

Essential Data 
Deficient 

Non-
endemic Santharam, 1996 Birds - 4   

Richard et al., 2011 Birds - 2   

Manikandan and 
Kunhikannan, 2016 

Birds - 25   

Madhuca 
longifolia var.
 latifolia 

Mammals 
Insects 

Elangovan et al., 2000 Mammals - 1   Vertebrates - 3 Self-
compatible 

Great Data 
Deficient 

Non-
endemic Nathan et al., 2009 Mammals - 2 43% 23

% 

Stephenraj et al., 2010 Mammals - 3   

Oroxylum 
indicum 

Mammals 
 

Gautam et al., 2009 
 

Mammals - 1 52% No Vertebrates - 1 Self-
incompatible 

Essential Data 
Deficient 

Non-
endemic 

Woodfordia 
fruticosa 

Birds 
Insects 

Raju, 2005 Birds - 9 
Insects - 6 

92% 4% Vertebrates - 
12 
Insects - 6 

Self-
compatible 

Essential Least 
Concern 

Non-
endemic 

Narang et al., 2000 Birds - 5   
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Table 5.7: Assessment of the economic value of vertebrate pollination services. The abbreviations used in the table, MT (Metric ton), Rs (Indian 

Rupees), Kg (Kilogram), EV (Economic Value), EVP (Economic Value of Pollination). The average exchange rate of rupees 98.6/pound in 2014 was 

used to convert to pound values. The production and economic value data have been taken from Goraya and Ved, 2017. 
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Acacia sinuata Bird, Insect 1,000 - 2,000 1,500 15,00,000 25 - 95 60 90,000,000 Essential 0.95 85,500,000 14 6,107,142 2 12,214,285 123,877 

Bombax ceiba Bird, Mammal, 

Insect 

100 - 200 150 150,000 140-160 150 22,500,000 Essential 0.95 21,375,000 35 610,714 34 20,764,285 210,591 

Butea 

monosperma 

Bird, mammal, 

Insect 

200 - 500 350 350,000 150- 350 250 87,500,000 Great 0.65 56,875,000 9 6,319,444 6 37,916,666 384,550 

Gmelina arborea Bird, Insect 500 - 1,000 750 750,000 35-40 37.5 28,125,000 Essential 0.95 26,718,750 10 2,671,875 7 18,703,125 189,687 

Helicteres isora Bird, Insect 100 - 200 150 150,000 20-30 25 3,750,000 Essential 0.95 3,562,500 30 118,750 26 3,087,500 31,313 

Madhuca 

longifolia var. 

latifolia 

Mammal 200 - 500 350 350,000 75-100 87.5 30,625,000 Great 0.65 19,906,250 3 6,635,416 3 19,906,250 201,889 

Oroxylum 

indicum 

Mammal 500 - 1,000 750 750,000 30-40 35 26,250,000 Essential 0.95 24,937,500 1 24,937,500 1 24,937,500 252,916 

Woodfordia 

fruticosa 

Bird, Insect 2000 - 5,000 3,500 3,500,000 60-70 65 227,500,000 Essential 0.95 216,125,000 18 12,006,944 12 144,083,333 1,461,291 

Total     7,500 7,500,000     516,250,000 
 

  455,000,000       281,612,946 2,856,115 
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5.4.4.2 Economic value of bird and mammal pollination services 

The economic value of bird pollination services was, on average, £2,312,443 or £2.3 million 

(₹228,006,894 or ₹22.8 crores, Table 5.8, Figure 5.10). This was 81% of the total vertebrate 

pollination service values. This amount was the collective contribution of 49 bird species who 

involved in the pollination of assessed plants species (Table 5.8). The purple sunbird (Cinnyris 

asiaticus) provided the highest pollination service value of £282,300 (₹27,834,871 or ₹2.8 crores, 

N = 6 plants). Similarly, the purple-rumped sunbird (Leptocoma zeylonica) provided the 

pollination value of £212,015 (₹20,904,712 or ₹2.1 crores, N = 4 plants, Table 5.8). These two 

bird species together contributed a pollination value of £494,316 (₹48,739,583 or ₹4.9 crores), 

which was 21% of the total bird pollination values (Table 5.8). 

Consequently, the total economic value of mammal pollination services was, on average, 

£543,672 (₹53,606,051 or ₹5.4 crores, Table 5.8, Figure 5.10). It was 19% of the total vertebrate 

pollination values. Among this, the pollination service value of bats was £479,580 (₹47,286,607 

or 4.7 crores), that was 88% of the total mammal pollination values (Table 5.8). The Greater 

short-nosed fruit bat (Cynopterus sphinx) contributed the highest value among all the mammal 

pollinators £326,405 (₹32,183,630 or 3.2 crores, N = 3 plants) and it was 60% of the total 

mammal pollination values (Table 5.8). 
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Table 5.8: Assessment of economic contribution of each vertebrate pollinator species on specific plant species. 
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Acridotheres fuscus 
 

610,714 6,319,444 
 

118,750 
   

7,048,908 71,490 

Acridotheres ginginianus 
 

610,714 
     

12,006,944 12,617,658 127,968 

Acridotheres tristis 
 

610,714 6,319,444 
 

118,750 
   

7,048,908 71,490 

Aethopyga siparaja 
       

12,006,944 12,006,944 121,774 

Alcippe poioicephala 
    

118,750 
   

118,750 1,204 

Anthus novaeseelandiae 
       

12,006,944 12,006,944 121,774 

Argya caudata 
 

610,714 
      

610,714 6,194 

Carpodacus erythrinus 
       

12,006,944 12,006,944 121,774 

Chloropsis aurifrons 
    

118,750 
   

118,750 1,204 

Cinnyris asiaticus 6,107,143 610,714 6,319,444 2,671,875 118,750 
  

12,006,944 27,834,871 282,301 

Cinnyris lotenius 
    

118,750 
   

118,750 1,204 

Corvus macrorhynchos 
 

610,714 
      

610,714 6,194 

Corvus splendens 
 

610,714 
      

610,714 6,194 

Cuculus micropterus 
 

610,714 
      

610,714 6,194 

Cyanoderma ruficeps 
 

610,714 
      

610,714 6,194 

Dendrocitta vagabunda 
 

610,714 
  

118,750 
   

729,464 7,398 

Dicaeum agile 
   

2,671,875 118,750 
   

2,790,625 28,302 

Dicaeum erythrorhynchos 
   

2,671,875 118,750 
  

12,006,944 14,797,569 150,077 

Dicrurus adsimilis 
 

610,714 
      

610,714 6,194 
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Dicrurus caerulescens 
    

118,750 
   

118,750 1,204 

Dicrurus hottentottus 
 

610,714 
      

610,714 6,194 

Dicrurus leucophaeus 
    

118,750 
   

118,750 1,204 

Dicrurus macrocercus 
 

610,714 
  

118,750 
   

729,464 7,398 

Dicrurus paradiseus 
 

610,714 
  

118,750 
   

729,464 7,398 

Dinopium benghalense 
 

610,714 
      

610,714 6,194 

Dumetia hyperythra 
 

610,714 
      

610,714 6,194 

Gracupica contra 
 

610,714 
      

610,714 6,194 

Heterophasia gracilis 
 

610,714 
      

610,714 6,194 

Hypsipetes madagascariensis 
 

610,714 
      

610,714 6,194 

Leptocoma zeylonica 6,107,143 
  

2,671,875 118,750 
  

12,006,944 20,904,712 212,015 

Loriculus vernalis 
   

2,671,875 118,750 
   

2,790,625 28,302 

Machlolophus xanthogenys 
 

610,714 
 

2,671,875 
    

3,282,589 33,292 

Mixornis gularis 
 

610,714 
      

610,714 6,194 

Oriolus xanthornus 
    

118,750 
   

118,750 1,204 

Passer domesticus 
 

610,714 
      

610,714 6,194 

Psilopogon haemacephalus 
 

610,714 
      

610,714 6,194 

Psilopogon viridis 
    

118,750 
   

118,750 1,204 

Psittacula cyanocephala 
 

610,714 
  

118,750 
   

729,464 7,398 

Psittacula krameri 
 

610,714 
  

118,750 
   

729,464 7,398 



172 
 
 

P
o

ll
in

a
to

rs
 

A
c
a
c
ia

 s
in

u
a
ta

 

B
o

m
b

a
x
 c

e
ib

a
 

B
u

te
a
 m

o
n

o
s
p

e
rm

a
 

G
m

e
li
n

a
 a

rb
o

re
a

 

H
e
li
c
te

re
s

 i
s
o

ra
 

M
a
d

h
u

c
a
 

lo
n

g
if

o
li
a

 v
a

r.
 l
a
ti

fo
li

a
 

O
ro

x
y
lu

m
 i
n

d
ic

u
m

 

W
o

o
d

fo
rd

ia
 f

ru
ti

c
o

s
a

 

T
o

ta
l 
c
o

n
tr

ib
u

ti
o

n
 o

f 
e
a
c
h

 

p
o

ll
in

a
to

r 
s
p

e
c
ie

s
 i
n

 

In
d

ia
n

 R
u

p
e
e

s
 

T
o

ta
l 
c
o

n
tr

ib
u

ti
o

n
 o

f 
e
a
c
h

 

p
o

ll
in

a
to

r 
s
p

e
c
ie

s
 i
n

 

P
o

u
n

d
s
 S

te
rl

in
g

 

Pycnonotus cafer 
 

610,714 
  

118,750 
  

12,006,944 12,736,408 129,172 

Pycnonotus jocosus 
 

610,714 
 

2,671,875 118,750 
   

3,401,339 34,496 

Pycnonotus melanicterus 
       

12,006,944 12,006,944 121,774 

Pycnonotus luteolus 
    

118,750 
   

118,750 1,204 

Saxicola caprata 
       

12,006,944 12,006,944 121,774 

Sturnia pagodarum 
       

12,006,944 12,006,944 121,774 

Sturnia malabarica 
 

610,714 6,319,444 
 

118,750 
   

7,048,908 71,490 

Turdoides affinis 
    

118,750 
   

118,750 1,204 

Turdoides striata 
 

610,714 6,319,444 
 

118,750 
   

7,048,908 71,490 

Zosterops palpebrosus 
 

610,714 
  

118,750 
  

12,006,944 12,736,408 129,172 

Total Bird pollination value  
        

228,006,895 2,312,443 
 

Cynopterus sphinx 
 

610,714 
   

6,635,417 24,937,500 
 

32,183,631 326,406 

Pteropus giganteus 
 

610,714 
   

6,635,417 
  

7,246,130 73,490 

Rousettus leschenaultii 
 

610,714 
   

6,635,417 
  

7,246,130 73,490 

Taphozous longimanus 
 

610,714 
      

610,714 6,194 

Funambulus tristriatus   6,319,444      6,319,444 64,092 

Total Mammal pollination 

value 

        53,606,051 543,672 
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Cynopterus sphinx  610,714    6,635,417 24,937,500  32,183,631 326,406 

Pteropus giganteus  610,714    6,635,417   7,246,130 73,490 

Rousettus leschenaultii  610,714    6,635,417   7,246,130 73,490 

Taphozous longimanus  610,714       610,714 6,194 

Total Bat pollination value          47,286,607 479,580 

 

 

 
Figure 5.10. The economic value of pollination services of bird and mammal pollinators of India. 
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5.4.5 Economic contribution of plant species 

5.4.5.1 Acacia sinuata 

This plant species is an economically valued species (Table 5.9). The dry pods of this plant are 

widely used for making detergents and cosmetics. The powdered pods used for the treatment of 

skin diseases and to remove dandruff. It also used for fever, antidiarrheal and anthelmintic agent, 

skin disease, ulcers, swelling, laxative agents (Vengadesan et al., 2003). The data on the 

conservation and population status of this plant species is currently lacking. The distributional 

map shows the inadequate information on the occurrences of this plant species (Figure 5.11b). 

Apart from the invertebrate pollinators, there are two vertebrate pollinators pollinating this 

species. The economic value of vertebrate pollination services is less than the value of 

invertebrates (Figure 5.11c). Both vertebrate pollinators are currently suggested as non-

threatened by IUCN. 

Plant Red List and population trend: Data Deficient and Unknown 

 

Table 5.9: Economic contribution of Acacia sinuata and its vertebrate and invertebrate 

pollinators. The digits in the bracket indicate the total number of pollinators of each category. 

Total economic 

value of plant 

product (EV) 

Vertebrate 

pollinators (2) 

Invertebrate pollinators (12) 

 

£912,778 

 

(₹90,000,000) 

Cinnyris asiaticus, 

Leptocoma 

zeylonica 

Apis cerana indica, Amegila spp, Captospillia pyranthe, 

Captospillia pomana, Ceratina simillima, Danaus chrysippus, 

Delta conoideus, Euploea core, Eristalis arvorum, Parenonia 

valeria, Pithitis binghami, Vespa sp. 
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Figure 5.11. Acacia sinuata a) Photo from the encyclopedia of life – www.eol.org, b) distribution 

across India, and c) the percentage share of economic value of pollination services of invertebrate 

and vertebrate pollinators. 
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5.4.5.2 Bombax ceiba 

This is a valued plant species to the Indian economy (Table 5.10). The seed oil of this plant is 

widely used for soap industries. Its floss widely used for pillows, cushions, and quilts (Khanduri 

and Kumar, 2017). It used for the treatment of dysentery, ulcers, skin eruptions, chronic 

inflammations and burning sensations (Karole et al., 2017). This species is currently not 

threatened, and it has stable population status across the country. The distributional map of this 

species shows it has wide distributional pattern. However, the information on this distribution is 

lacking in many regions of the country (Figure 5.12b). It seems that this plant species has been 

pollinated by a large array of vertebrate pollinators. Though a single invertebrate species has 

been recorded as pollinator of this species. The vertebrate pollinators contribute 97% of the 

pollination service values (Figure 5.12c) and currently no vertebrate pollinators of this plant 

species are threatened. 

Plant Red List and population trend: Least Concern and Stable 

Table 5.10: Economic contribution of Bombax ceiba and its vertebrate and invertebrate pollinators. 

The digits in the bracket indicate the total number of pollinators of each category. 

Total economic 

value of plant 

product (EV) 

Vertebrate pollinators (34) Invertebrate 

pollinators (1) 

 

 

£228,194 

(₹22,500,000) 

Acridotheres fuscus, Acridotheres ginginianus, Acridotheres 

tristis, Argya caudata, Cinnyris asiaticus, Corvus 

macrorhynchos, Corvus splendens, Cuculus micropterus, 

Cyanoderma ruficeps, Cynopterus sphinx, Dendrocitta 

vagabunda, Dicrurus adsimilis , Dicrurus hottentottus, Dicrurus 

macrocercus, Dicrurus paradiseus, Dinopium benghalense, 

Dumetia hyperythra, Gracupica contra, Heterophasia gracilis, 

Hypsipetes madagascariensis, Machlolophus xanthogenys, 

Mixornis gularis, Passer domesticus, Psittacula cyanocephala, 

Psittacula krameria, Psilopogon haemacephalus, Pteropus 

giganteus, Pycnonotus cafer, Pycnonotus jocosus, Rousettus 

leschenaultii, Sturnia malabarica, Taphozous longimanus, 

Turdoides striata, Zosterops palpebrosus 

Xylocopa latipes 
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Figure 5.12. Bombax ceiba a) Photo from the India Biodiversity portal – www.indiabiodiversity.org, 

b) distribution across India, and c) the percentage share of economic value of pollination services 

of invertebrate and vertebrate pollinators. 
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5.4.5.3 Butea monosperma 

It is an economically important plant species (Table 5.11) is widely used for the treatment of 

fever, liver disorders, cancer, diarrhoea, intrinsic haemorrhage, worms, cough, eye disease and 

scorpion-stings (Choedon et al., 2010). The information on the conservation and population 

status is currently lacking. The distributional map of this species shows it has wide distribution 

across the country from north to south and west to eastern parts. Though, there are many regions 

across the India lacking its distributional data (Figure 5.13b). Both vertebrate and invertebrate 

species pollinate this plant species. Among these, 6 vertebrate pollinators are accountable for 

67% of the total pollination service values (Figure 5.13c). All vertebrate pollinator species of this 

plant species are currently not threatened. 

Plant Red List and population trend: Data Deficient and unknown 

 

Table 5.11: Economic contribution of Butea monosperma and its vertebrate and invertebrate 

pollinators. The digits in the bracket indicate the total number of pollinators of each category. 

Total economic 

value of plant 

product (EV) 

Vertebrate pollinators (6) Invertebrate pollinators 

(3) 

£887,423 

(₹87,500,000) 

Acridotheres fuscus, Acridotheres tristis, Cinnyris 

asiaticus, Funambulus tristriatus, Sturnia malabarica, 

Turdoides striata 

Apis mellifera, Catopsilia 

pomona, Lampides 

boeticud 
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Figure 5.13. Butea monosperma, a) Photo from global biodiversity information facility – 

www.gbif.org, b) distribution across India, and c) the percentage share of economic value of 

pollination services of invertebrate and vertebrate pollinators. 
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5.4.5.4 Gmelina arborea 

This is a valued plant species to Indian economy (Table 5.12). This species used for timber and 

biodiesel production (Mathew, 1986; Basumatary et al., 2012). It also used to treat stomach 

disorders, fever, skin problems, wounds and inflammation (Shirwaikar et al., 2003; Dhakulkar et 

al., 2005). This species is currently not threatened in India but data about its population status is 

lacking. The distributional map roughly shows the species has wide distribution across the 

country, particularly it peaks along the Western Ghats of south India (Figure 5.14b). Both 

vertebrate and invertebrate species pollinate this plant species. 70% of the total pollination value 

was contributed by vertebrate pollinators (Figure 5.14c). Currently no vertebrate pollinators of this 

plant species are threatened. 

Plant Red List and population trend: Least Concern and Unknown 

 

 

Table 5.12: Economic contribution of Gmelina arborea and its vertebrate and invertebrate 

pollinators. The digits in the bracket indicate the total number of pollinators of each category. 

Total economic 

value of plant 

product (EV) 

Vertebrate pollinators (7) Invertebrate pollinators 

(3) 

£285,243 

(₹28,125,000) 

Cinnyris asiaticus, Dicaeum agile, Dicaeum 

erythrorhynchos, Machlolophus xanthogenys, 

Leptocoma zeylonica, Loriculus vernalis, Pycnonotus 

jocosus 

Xylocopa latipes, Apis 

cerana indica, Amegila sp 
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Figure 5.14. Gmelina arborea, a) Photo from global biodiversity information facility – www.gbif.org, 

b) distribution across India, and c) the percentage share of economic value of pollination services 

of invertebrate and vertebrate pollinators. 
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5.4.5.5 Helicteres isora 

It is an economically important plant species (Table 5.13). The stem bark of this plant is used for 

making fibres (Atluri et al., 2000). It is used for diarrhoea, dysentery, wounds, pain and worms 

(Loganayaki et al., 2013). This species lacks the data on its conservation and population status. 

The distributional map shows it has peak distribution in the southern regions. Although the 

distribution extends to the north it is lacking in the north-eastern regions of India (Figure 5.15b). 

The plant species is pollinated by a wide array of vertebrate species. Few invertebrate species 

are also recorded as pollinators of this species. The vertebrate pollinators contribute 87% of the 

total pollination service values (Figure 5.15c). Currently no vertebrate pollinators of this plant 

species are threatened. 

Red List and population trend: Data Deficient and Unknown 

 

 

Table 5.13: Economic contribution of Helicteres isora and its vertebrate and invertebrate 

pollinators. The digits in the bracket indicate the total number of pollinators of each category. 

Total economic 

value of plant 

product (EV) 

Vertebrate pollinators (26) Invertebrate 

pollinators (4) 

 

£38,032 

(₹3,750,000) 

Acridotheres fuscus, Acridotheres tristis, Alcippe poioicephala, 

Chloropsis aurifrons, Cinnyris asiaticus, Cinnyris lotenius, 

Dendrocitta vagabunda, Dicaeum agile , Dicaeum 

erythrorhynchos, Dicrurus caerulescens, Dicrurus leucophaeus, 

Dicrurus macrocercus, Dicrurus paradiseus, Leptocoma 

zeylonica, Loriculus vernalis, Oriolus xanthornus, Psilopogon 

viridis, Psittacula cyanocephala, Psittacula krameria, Pycnonotus 

cafer, Pycnonotus jocosus, Pycnonotus luteolus, Sturnia 

malabarica, Turdoides affinis, Turdoides striata, Zosterops 

palpebrosus 

Amagilla sp, 

Ceratina sp, 

Pseudopis sp, 

Trigona sp 
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Figure 5.15. Helicteres isora, a) Photo from India biodiversity portal – www.indiabiodiversity.org, b) 

distribution across India, and c) the percentage share of economic value of pollination services of 

invertebrate and vertebrate pollinators. 
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5.4.5.6 Madhuca longifolia var. latifolia 

This economically important (Table 5.14) plant species is used for timber, fuel, fodder, food, 

seeds produce edible oils and biodiesel (Gopalkrishnan and Ringmichon, 2016; Suryawanshi and 

Mokat, 2019). It also used for treating skin diseases, rheumatism, headache, constipation, and 

piles (Amia and Ekka, 2014). Data on its conservation and population status is lacking. The 

distributional map shows it has a wide distributional pattern across the country, though there are 

large parts where it does not have distributions (Figure 5.16b). This plant species is mainly 

pollinated by three vertebrate species and they contribute all the pollination service values 

(Figure 5.16c). Currently no vertebrate pollinators of this plant species are threatened but 

population decline has been recorded for a single species. 

Plant Red List and population trend: Data Deficient and Unknown 

 

Table 5.14: Economic contribution of Madhuca longifolia var. latifolia and its vertebrate and 

invertebrate pollinators. The digits in the bracket indicate the total number of pollinators of each 

category. 

Total economic 

value of plant 

product (EV) 

Vertebrate pollinators (3) Invertebrate 

pollinators (0) 

£310,598 

(₹30,625,000) 

Cynopterus sphinx, Pteropus giganteus, Rousettus leschenaultii -- 
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Figure 5.16. Madhuca longifolia var. latifolia, a) Photo from global biodiversity information facility – 

www.gbif.org, b) distribution across India, and c) the percentage share of economic value of 

pollination services of invertebrate and vertebrate pollinators. 

 

 

 



186 
 
 

5.4.5.7 Oroxylum indicum 

This is an economically valued plant species (Table 5.15). It is commonly used for diarrhoea, 

dysentery, rheumatism, ulcers, respiratory diseases, cancers, worms and vomiting (Deka et al., 

2013; Dinda et al., 2015). The plant species lacks data on its conservation and population status. 

The distributional map shows the species has more distribution across the Western Ghats of 

south India and north-eastern parts of India. But it lacks the distribution across a large part, 

particularly central parts of the India (Figure 5.17b). This plant species has only single bat 

species as pollinators (Figure 5.17c). This bat species is currently not threatened, and it has been 

recorded that its population is increasing. 

Plant Red List and population trend: Data Deficient and Unknown 

 

Table 5.15: Economic contribution of Oroxylum indicum and its vertebrate and invertebrate 

pollinators. The digits in the bracket indicate the total number of pollinators of each category. 

Total economic 

value of plant 

product (EV) 

Vertebrate pollinators (1) Invertebrate 

pollinators (0) 

£266,227 

(₹26,250,000) 

Cynopterus sphinx -- 
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Figure 5.17. Oroxylum indicum, a) Photo from global biodiversity information facility – 

www.gbif.org, b) distribution across India, and c) the percentage share of economic value of 

pollination services of invertebrate and vertebrate pollinators. 
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5.4.5.8 Woodfordia fruticosa 

This is a valued plant species to the Indian economy (Table 5.16). It is commonly used for 

inflammation, liver disorders and antibacterial treatments (Kumaraswamy et al., 2008; Baravalia 

et al., 2011, 2012). This plant species is currently not threatened but the data on population 

status is unavailable. The distributional map shows this species mostly distributed in the northern 

parts of India. But few plant species also distributed in the north of the Western Ghats region 

(Figure 5.18b). Both vertebrates and invertebrates pollinate this species. But the economic value 

of vertebrate pollination services is higher than the invertebrate pollination services (Figure 

5.18c). All vertebrate pollinator species of this plant species are currently not threatened. 

Plant Red List and population trend: Least Concern and Unknown 

 

Table 5.16: Economic contribution of Woodfordia fruticosa and its vertebrate and invertebrate 

pollinators. The digits in the bracket indicate the total number of pollinators of each category. 

Total economic 

value of plant 

product (EV) 

Vertebrate pollinators (12) Invertebrate 

pollinators (6) 

 

£2,307,302 

(₹227,500,000) 

Aethopyga siparaja, Acridotheres ginginianus, Anthus 

novaeseelandiae, Carpodacus erythrinus, Cinnyris asiaticus, 

Dicaeum erythrorhynchos, Leptocoma zeylonica, Pycnonotus 

cafer, Pycnonotus melanicterus, Saxicola caprata, Sturnia 

pagodarum, Zosterops palpebrosus 

Apis cerana indica, 

Catopsilia pomona, 

Ceratina simillima, 

Euploea core, 

Pachliopta hector, 

Trigona iridipennis 
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Figure 5.18. Woodfordia fruticosa, a) Photo from India biodiversity portal – 

www.indiabiodiversity.org, b) distribution across India, and c) the percentage share of economic 

value of pollination services of invertebrate and vertebrate pollinators. 
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5.4.6 Distribution of pollination services value assessed plants and protected 

areas 

The distributional pattern of the 8 plant species that were used for the economic value of 

pollination services shows that the protected areas do not host most of these plants and many of 

their habitats are located outside of it. In some instance the high species clusters are away from 

the protected areas (Figure 5.19). 

 

 

Figure 5.19. The distribution of plant species (N = 8) used for the economic value of pollination 

services across the protected areas in India. The colours of each point indicate a plant species. 
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5.5 Discussion 

5.5.1 How are vertebrate-pollinated plants and pollinators distributed? What is 

their population and conservation status? 

My study on vertebrate pollination in India shows that birds and mammals pollinate 48 and 34 

plants species respectively. But in Australia, a study shows that over 100 bird species have been 

recorded as visiting the flowers of some 250 plant species (Ford et al., 1979), and in woodland 

habitats in north-western Australia, 21 species of birds visited flowers of 112 plant species 

(Franklin and Noske, 2000). In Costa Rica, about 75 bird species visit the flowers of over 300 

species of plants (Stiles, 1981). In lowland rainforest in Papua New Guinea, 17 species of birds 

are recorded visiting flowers of 17 species of plants (Brown and Hopkins, 1995). It has been 

recorded that 15 bird species pollinate 86 plant species in three sites of southeastern Brazil 

(Buzato et al., 2000). Birds or mammals typically pollinate 3-11% of plants per habitat in the 

Western Ghats, India (Devy and Davidar, 2003). More than 100 species of bromeliads are 

thought to be pollinated by bats (Aguilar-Rodríguez et al., 2019). Sazima et al. (1999) recorded 

17 native plant species are pollinated by four species of bats in two sites of Atlantic forest in 

Brazil. But in the tropical dry forest of Caatinga, Brazil, bats pollinated 19 of the 147 plant species 

(Machado and Lopes, 2004). This low diversity of vertebrate-pollinated plant species in India 

compared to other regions of the world suggests that there are an insufficient number of studies 

in Indian territories. 

The highest richness of both pollinator and plant species in the southern parts of India indicates 

its ecological and evolutionary importance. As this part is a home for many tropical forests and 

contains Western Ghats biodiversity hotspot that hosts millions of years of evolutionary history. 

Several studies recorded high species richness across this region (Gimaret-Carpentier et al., 

2003; Dahanukar et al., 2004; Davidar et al., 2007a; Gunawardene et al., 2007; Joshi et al., 2017; 

Page and Shankar, 2020). The sparse knowledge on the distribution of species limits the 

understanding of ecological and evolutionary processes and the ability to use this knowledge to 
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inform conservation planning (Graham et al., 2004). Data on the distribution of three threatened 

plant species are largely sparse, which could impact on the conservation of these plant species. 

This highlights the critical efforts needed to document them urgently. The database such as GBIF 

(Global Biodiversity Information Facility), that globally covers a broad variety of taxonomic groups 

(Graham et al., 2004), and the IBP (India Biodiversity Portal; Vattakaven et al., 2016) do not 

contain sufficient records about these species (although IBP linked to GBIF). This highlights the 

importance of using alternative databases like natural history collections (primarily public or 

university associated museums and herbaria) to explore the spatial pattern of distribution.  

Many natural history museums (for example, European Natural History Specimen Information 

Network, Missouri Botanical Garden, Graham et al., 2004) across the world make their data 

available to various scientific and broader communities to conduct research (Ferrier and Watson, 

1997; Stockwell and Peterson, 2002). Natural history museums in India can also consider this 

possibility to improve research and conservation in India. However, the digitizing of museum data 

has been started at Bombay Natural History Society and the data should be available in the 

future (bnhs.org/collection). It also important to have sufficient data on species because it helps 

to detect recent changes in geographical ranges of species associated with climate change 

(Parmesan and Yohe, 2003; Root et al., 2003) and predicting future changes in the distributions 

of species using predictive models (Busby, 1998; Midgley et al., 2003; Thomas et al., 2004). This 

prediction can be used to evaluate the suitability of existing areas (Burns et al., 2003), helping 

better conserve pollinator and their plant species. 

In India, there is not a large-scale study that focus on the extinction risk of all species. Hence, it is 

hard to emphasize the regions where the current higher threat and decline take place. Studies 

often show many species that are under threat and large-scale population decline across India. 

Many studies have documented these effects in the northern (Pal, 1993; Bhatnagar et al., 2006; 

Pandit et al., 2007; Joshi et al., 2009; Shah et al., 2011; Anil et al., 2014), southern (Raman et al., 

1995; Ramakrishnan et al., 1999; Unnithan, 2000; Kumara and Sinha, 2009; Ticktin et al., 2012), 
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west (Waite et al., 2007), eastern (Choudhury, 1994; Srivastava et al., 2001) and central regions 

of the country (Kharat et al., 2001; Green et al., 2004; Cuthbert et al., 2006). This threat or 

population decline has been recorded in both protected and unprotected areas (Choudhury, 

1994; Ramakrishnan et al., 1999; Srivastava et al., 2001; Bhatnagar et al., 2006; Waite et al., 

2007; Markandya et al., 2008; Ticktin et al., 2012; Prakash et al., 2019; Bhatt et al., 2020; Dey et 

al., 2020), where the declining species range from large charismatic species to small 

invertebrates (Ramakrishnan et al., 1999; Kharat et al., 2001; Padhye and Mahabaleshwarkar, 

2001; Bhatnagar et al., 2006; Pillay et al., 2011; Shah et al., 2011; Mondol et al., 2013; Sahoo et 

al., 2013; Anil et al., 2014; Sandilyan, 2014; Bhatt et al., 2020).  

I found most threatened pollinators and plant species are confined to the Western Ghats 

biodiversity hotspot of the southern India. Hotspots are usually known for high species richness 

and endemism and host large-scale threatened species. The Western Ghats biodiversity hotspot 

is one of the highly threatened and human populated biodiversity hotspots in the world (Cincotta 

et al., 2000), where there are a number of species recorded as declining from the human 

pressure (Davidar et al., 2007b; Giriraj et al., 2008; Kumara and Sinha, 2009; Pillay et al., 2011; 

Reddy et al., 2016; Warrier et al., 2020). Both threatened plants and pollinators are found in both 

protected and unprotected areas, indicating that most pollinators and their food plants are not 

protected. Expanding size of the existing protected areas will be beneficial to assure the 

conservation of these unique species. Alternatively, a wide range of practical conservation 

measures should be prioritised to protect species that live outside the protected areas. For 

example, ex-situ conservation such as establishment of long-term seed bank storage, cultivation 

and propagation of plants, repopulation of dropped populations and conservation of genetic 

patterns should be implemented. Plantations of native plants including various food plants should 

be promoted even in cultivated field margins. Stringent laws should be implemented to reduce the 

overexploitation of rare and vulnerable species. Increasing the area of existing forest should be 

considered in various regions. Creation of nature reserves or establishing minor scale woodland 

reserves in various locations can provide habitat for species that prefer open areas. Rehabilitate 
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or restore damaged habitats. Reducing human activities, tourism, controlling invasive plants and 

animals and reintroducing species at suitable sites. For bat pollinators, the natural caves should 

be documented and human intrusions to these areas should be banned. Community initiative 

programmes could be introduced to monitor and protect roosts and foraging sites near human 

settlements and local communities educated to avoid hunting in specific areas and seasons.  

Although this result focusses on pollinators and associated plants, a largescale study that 

involves all vertebrates, plants, and available invertebrates will be useful to understand the 

amount of area needed for their further conservation. As climate change can affect the 

distributional pattern of species (Araújo et al., 2004; Thomas et al., 2004; Thuiller et al., 2005; 

Velásquez-Tibatá et al., 2013; Dyderski et al., 2018; Kanagaraj et al., 2019), and hence 

accelerate the extinction risk of species (Thomas et al., 2004; Carpenter et al., 2008; Pearson et 

al., 2014; Bestion et al., 2015; Urban, 2015; Davis et al., 2019; Soroye et al., 2020). Therefore, 

incorporating methods like species distribution models will be helpful to take appropriate 

management decisions and policy implementations as these models often inform the future 

distribution/area required for each species (Thomas et al., 2004; Angelieri et al., 2016; Abrahms 

et al., 2019; Sofaer et al., 2019; Srivastava et al., 2019). This is particularly an urgent work 

because of continuing human population increase and disturbances in these regions make 

species more vulnerable to extinction. 

Insufficient information about threatened plant species made it difficult to generalize whether they 

are completely outside of protected areas. The lack of data on the Red List status and population 

trends of 48 and 58 plants species respectively are a conservation concern and immediate 

attention should be given to assess these species. Insufficient information will always be a threat 

to proper conservation actions. This suggests the possibility of more species threat and 

populations decline in India. An immediate action to document the status of these species are 

important for their proper conservation and to mitigate any threat they face. Comparatively 

vertebrate pollinators are better documented than the plant species, where Red List data is 
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available for all vertebrate pollinators, but population trends data is lacking for 14 vertebrate 

pollinators. Like unknown population plants, these pollinators species may also face population 

decline in India. 

5.5.2 What is the economic value of vertebrate pollination services? 

Several studies have been conducted to evaluate the economic value of pollination services 

across the world and these studies specifically focused on insect pollinators (for example, Klein et 

al., 2007; Gallai et al., 2009; Gallai and Vaissiere, 2009). In India, it has been conducted for 

insect pollinators on crop species and the contribution of vertebrate pollinators has been a 

neglected subject. Thus, using an available 8 plant species’ economic and production data I 

estimated the economic value of vertebrate pollination services for India. For just 8 of the 78 plant 

species, vertebrate pollinators contribute, approximately £2.8 million (₹281,612,946 or ₹28.2 

crores). The total value of vertebrate pollination can therefore be expected to be an order of 

magnitude higher. It highlights the importance of data documentation. The underestimated 

studies on vertebrate pollinated plants might have also affected the result. There may be the 

possibility that vertebrates are pollinating many more economically important plant species in 

India. The paucity of information not only affects the conservation of pollinators and their 

associated plants, but it also affects the revenue of dependent people and the country. In 2014 -

15, the estimate of consolidated commercial demand of herbal raw drugs in India has been 

estimated at 5,12,000 metric ton and the estimated export of these drugs, including extracts, has 

been estimated at 1,34,500 metric ton (Goraya and Ved, 2017). Some of these plants are 

pollinated by birds and mammals. It is possible to assume the overall economic impact of these 

plant species will be huge because other than the medicinal use some plant species are used as 

fodder, timber, food, making fibre, pillows, cushions and firewood. Lack of data will restrict our 

ability to explore this impact. 

As far as I know this is the first study that assess the economic value of pollination for a group of 

vertebrate pollinators, particularly for birds and mammals. The economic value of bird pollination 



196 
 
 

services was higher (£2.3 million or 22.8 crores) than mammal pollination services (£543,671 or 

5.4 crores). Globally, the ecosystem services provided by birds are well recognized (Whelan et 

al., 2008), as they pollinate many economically important plant species (Vogel et al., 1984; 

Stewart and Craig, 1989; Nabhan and Buchmann, 1997). Despite their importance it seems that 

studies on the economic value of bird pollination are sparse. This suggests we need more 

research to quantify the economic value of bird pollination. Klein et al. (2007) showed that 35% 

global food production depends on animal pollination. A small proportion will be contributed by 

bird pollinators. Relative to birds, there is scattered data on the economic value of pollination 

services by bats. In Peninsular Malaysia alone the annual sales of petai (Parkia speciosa and 

Parkia javanica) are estimated to exceed, average, £430,000 (more than US$1 million; Ng, 

1980). In Indonesia, Fujita and Tuttle (1991) estimated the economic value of bat pollinated 

plants such as petai and another product (the fruit of duku, Lansium domesticum) that exceeds, 

average, £2,260,000 (more than US$4 million) per year. Ober and Tsang (2019) reported that bat 

pollination services for durian in Indonesia alone have been valued at, average, £88/ha/fruiting 

season (US$117/ha) or £337,000 (US$ 450,000) for a single village. In Mexico, the export value 

of bat pollinated plant (Agave tequilana) product (alcoholic beverages) was £785 million (US$1.2 

billion) in August 2015 (Trejo-Salazar et al., 2016) (currency conversion – Officer and Williamson, 

2021). 

A larger pollination service value of two sunbird species (Cinnyris asiaticus and Leptocoma 

zeylonica) highlights the important ecosystem services of these tiny species. Currently these two 

species are not threatened, and populations are not declining as per the IUCN status. Therefore, 

it can be expected their continued services to Indian biodiversity. But further studies that focus on 

their threat and population status within India will be beneficial for more scientifically planned 

conservation for these species. 

The higher pollination service value of bat pollinators among mammals indicates the important 

role of bat pollinators for the Indian economy and biodiversity. Among the pollinator bats only a 
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single bat species (Latidens salimalii) is regarded as threatened in India. But population declines 

have been recorded for the fruit bats Salim Ali’s fruit bat (Latidens salimalii) and Indian flying fox 

(Pteropus giganteus). A stable population trend has been shown in the species Leschenault’s 

Rousette (Rousettus leschenaultii) and Long-winged Tomb bat (Taphozous longimanus) but India 

completely lacks information on the threat and population trends of Dawn bat (Eonycteris 

spelaea), Blandford’s fruit bat (Sphaerias blanfordi) and the Lesser dog-faced fruit bat 

(Cynopterus brachyotis). Therefore, it is not possible to assure their continued services to the 

Indian biodiversity for longer duration and the decline in these species will negatively impact the 

biodiversity by reducing the pollination services. In India, the ecological services provided by bats 

are not appreciated by the public and conservation planners (Singaravelan et al., 2009). Except 

the endangered fruit bat, the Salim Ali’s fruit bat (Latidens salimalii), all the fruit bats (also known 

as flying foxes from the family Pteropodidae) in India are consider as pest or vermin as per the 

Indian Wildlife Protection Act, 1972. Therefore, these bats do not get legal protection and can be 

captured or killed by the public. 

The paucity of large-scale study that monitor the long-term population status of bats often failed 

to bring population declines as a major issue in India. The plant species such as Bombax ceiba, 

Butea monosperma, Madhuca longifolia var. latifolia, Oroxylum indicum and Woodfordia fruticosa 

had the highest economic value to the Indian economy and some of these species are partially or 

completely pollinated by bat pollinators. Decline in these pollinators will impact the plant species. 

Some of these pollinated plants also yield other economically valuable products, highlighting the 

beneficial contribution of these plants to the livelihoods of people and Indian economy. 

The unavailability of data on the economic value and production quantity will underestimate the 

real contribution of plant species. This was evident in my analysis that the data on economic 

value and production quantity were available for 8 plant species only (Table 5.7). Therefore, the 

real impact of their contribution will not be fully appreciated and get attention of policy makers to 

consider them as protected species. In India, the first documentation of economic value and 



198 
 
 

production quantity for medicinally important plants are initiated in 2007 only (Ved and Goraya, 

2007). Similarly, a second documentation was prepared by the same researchers in 2017 

(Goraya and Ved, 2017). Though these studies could not document information for many plant 

species and the documentation for many plant species are still in its initial stages. A limitation of 

the National Medicinal Plant Board (NMPB), who maintain the data on medicinal plants and their 

merchandise, is the lack of proper documentation of plants and the associated details (for 

example, production quantities). The information on the production quantity or economic value of 

plants was recorded only for a six-month period. Due to this, extracting data and estimating the 

economic value of pollination services was difficult for the plant species, and in many instances 

data was only available for certain plant species. Thus, I only considered the plant species for 

which there are sufficient data to estimate.  

The distributional pattern of pollination value assessed plant species suggests their wide range 

size across Indian territories. But sampling efforts are necessary for the plant species that have 

limited distribution records to fully understand the extent of distributions for conservation designs. 

The distribution of plant species outside the protected area is a conservation concern because 

this can make their overexploitation easy and protection less successful.  

5.5.3 Bat pollinators and the Indian Wildlife Protection Act, 1972 

The bat richness map confirms that overall, they have wide distributional patterns across India. 

But many regions in the northern part of the country are lacking enough information. The lack of 

proper distributional information will make these pollinators’ protection less successful in the 

future even if they are upgraded into the protected categories. The wide distribution of 

Cynopterus sphinx, Pteropus giganteus, and Rousettus leschenaultii suggests the important 

ecosystem services of these species across a large area. The local extinction of these species 

can affect the pollination and seed dispersal of plants and collapse ecosystems (Bawa, 1990; 

Young et al., 1996). But large gaps between their distribution indicate the poor data availability on 



199 
 
 

distributions. Hence, further work is highly relevant to document these species’ distributions for 

proper conservation actions.  

Studies show that bats are important pollinators of both wild and economically important plant 

species in India (Nathan et al., 2005, 2009; Singaravelan et al., 2009; Vanitharani et al., 2012; 

Vanitharani, 2015). This study supports these findings by identifying that bats pollinate 44% (34 

species) of the vertebrate pollinated plant species in India. In some instances, bats were the sole 

pollinators of some plant species. For example, the plant species Oroxylum indicum has only a 

single bat species (Cynopterus sphinx) as pollinator in India. These bats pollinate high economic 

value plants such as Bombax ceiba, Madhuca longifolia var. latifolia, and Oroxylum indicum. Both 

Madhuca longifolia var. latifolia, and Oroxylum indicum are completely pollinated by bat species. 

Showing important ecosystem functions of bat pollinators in Indian biodiversity. Considering bats 

as pests or killing them for meat or medicinal purposes can cause serious ecological 

consequences. As most bats have a low reproductive rate (often only 1 or 2 young per year), 

killing them results in reduction in their numbers or population that directly effects on pollination 

and seed dispersals (Singaravelan et al., 2009). Loss of plant-pollinator and plant-seed disperser 

relationship ultimately threaten the forest regeneration and consequences forest fragmentation 

(Bawa, 1990; Young et al., 1996). There are reports of population declines of bat species as 

result of hunting and habitat loss in different regions of India (Ali, 2010; Dey et al., 2013; 

Vanlalnghaka, 2013; Aul et al., 2014). Therefore, it is important for the Government of India to 

make necessary amends in the Indian Wildlife Protection Act, 1972, and list all fruit bats in the 

schedule Ist for their maximum legal protection. 

5.5.4 Establishment of independent species monitoring agency 

It is fundamental for India to establish a specific agency (for example, National Red List) for 

assessing and monitoring all of its species’ conservation and population trends. India is a State 

Member of IUCN (International Union for Conservation of Nature), therefore India works with 

members of this commission to assess species loss and other conservation related activities (for 
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example, providing necessary tools and knowledge to value, policy and management, nature 

conservation, climate change). A lack of IUCN Red List data and populations trend on the 

majority of vertebrate-pollinated plants and slow progression in Red List data availability highlight 

the importance of establishing an independent body for species monitoring and evaluation. For a 

country like India, with high levels of biodiversity and some level of endemism (more than 5150 

species of plants, 20,765 insect species, 46 mammal species, 176 bird species, 214 reptile 

species, 138 amphibian species, and 435 fish species are endemic to India; Ravindranath et al., 

2006; Alfred, 2007; ZSI, 2017; Venkataraman and Sivaperuman, 2018), it is vital to record 

species status timely for proper conservation practice.  

In most cases the species status that obtains from IUCN organization always will be the result of 

an overall assessment of a species from many different countries or regions (exceptions in 

endemic species). More specifically, suppose a species categorised as Least Concern globally 

might be Critically Endangered within a country/region/area where the numbers are very small or 

declining. In contrast, a species categorised as Vulnerable globally based on declines in numbers 

or its range, but within a particular region or an area their population may be stable and may fall 

in the criteria Least Concern without meeting the criteria for Vulnerable (IUCN, 2020). In many 

instances, the Red List or population trends assessment of a widespread species will be a 

combined estimate from across its geographical range. For example, if a species has 

geographical occurrences in 3 or 4 countries then the assessment will be the average of all these 

countries estimates. As a result, a specific country lacks the exact information on its species 

status unless there is a country specific organization to record the species status. Therefore, 

India should consider and take necessary actions or measures to establish an independent body, 

thus appropriate conservation actions can be taken to improve species status. 

5.5.5 Documentation of economic value and production data 

It is appropriate for India to document all marketable plant’s economic and production data from 

time to time for various purposes. Although data on economic value and production were 
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available for main food crops in various government databases, these data were limited for other 

plants, particularly for wild plants and plants used for medicinal purposes. I could not find 

economic and production data for 70 plant species. The insufficient data might have affected my 

result and underestimated the real benefit of vertebrate pollinators service to the Indian economy. 

Showing urgent need for proper documentation. 
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5.6 Conclusion 

This study was mainly concerned about the distribution of pollinators and their pollinated plants 

and pollination service values. The study has identified 99 vertebrate species as pollinators and 

78 plant species as vertebrate-plant species across India. Among the vertebrates, 80 species 

were birds, and 19 species were mammals. Similarly, among the plants, 48 and 38 plant species 

were bird and mammal pollinated plants. The study highlights the importance of bats as important 

ecosystem service providers. The study identifies that bats provide pollination service to 34 plant 

species, and in some instances, they were the main pollinators of certain plant species. Despite 

their beneficial role, fruit bats have long been hunted for food and medicinal purposes and often 

considered as fruit-eating pests in India (Singaravelan et al., 2009). The Indian Wildlife Protection 

Act, 1972, categorizes fruit bats as vermin under the schedule V. Therefore, they can be captured 

or killed by the public. Unsustainable killing of fruit bats (with a low reproductive rate) would 

cause population to decline. Hence, it affects the ecosystem services like pollination and seed 

dispersal which basically collapse plant-pollinator, plant-seed dispersers relationships, forest 

regeneration and ecosystem functions (Bawa, 1990; Young et al., 1996). 

The lack of quantitative information on the role of ecosystem services and relaxed rules have 

been a disadvantage for fruit bat pollinator protection in India. There was lack of adequate 

scientific evidence on the ecological roles of fruit bats as pollinators at the time of this Act’s 

formulation (1972) (Singaravelan et al., 2009). But after understanding the beneficial roles of fruit 

bats, it is not a good practice to list them in the Schedule V of this act. Therefore, the Government 

of India must amend the act and list all fruit bats in the protected Schedules. 
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6 Chapter 6: General Discussion 
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Estimating the whole diversity of pollinators is problematic and subject to many caveats (Ollerton, 

2017). Many pollinator species are insects, assessing the conservation status is challenging and 

time consuming as in most cases they are largely unknown (Clausnitzer et al., 2009). But it is 

possible to estimate the diversity of vertebrate pollinators more accurately than for the 

invertebrates (Ollerton, 2017). Studies have attempted to estimate the diversity of vertebrate 

pollinators (Fleming and Muchhala, 2008; Whelan et al., 2008), and very recently Regan et al. 

(2015) and Ollerton (2017) documented 1,432 species (1,089 birds and 343 mammals) as 

vertebrate pollinators across the world. My estimation surpasses theirs, recording 1,554 species 

(1,188 birds, 350 mammals, and 16 reptiles) as current vertebrate pollinators. The low diversity of 

vertebrate pollinators and their plant species in India compared to other countries (for example, 

Ford et al., 1979: Australia - 100 bird and 250 plant species; Stiles, 1981: Costa Rica - 75 bird 

300 plant species) suggests pollinator numbers have been underestimated, and more studies on 

these species are needed. 

This study helps to understand the extinction risk of vertebrate pollinators compared with other 

groups. The level of threat in bird pollinators is lower than for birds in general (IUCN, 2020), 

odonates (Clausnitzer et al., 2009), reptiles (Böhm et al., 2013), freshwater fishes (Cumberlidge 

et al., 2009), mammals (IUCN, 2020), freshwater crabs (Cumberlidge et al., 2009), crayfish 

(Richman et al., 2015), corals (IUCN, 2020) and amphibians (IUCN, 2020) that have been 

assessed regionally or globally. But extinction risk in mammal pollinators was equal to that of 

freshwater fishes, lower than generalist mammals, freshwater crabs, crayfish, corals and 

amphibians, but greater than that of generalist birds, odonates, reptiles. The threat in Indian 

mammal pollinators is equivalent to that of global mammals. But lack of threat in Indian bird 

pollinators indicate they are comparatively further from extinction. Importantly, data deficient 

species are a conservation concern. Birds (DD species 1%) are a better studied group than the 

mammals (8%) and reptiles (38%). The higher data deficiency in mammal and reptile pollinators 

suggest the general paucity of scientific attention given to these species. Data deficiency could 
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be used to promote research programmes on specific taxa or taxonomic groups (Böhm et al., 

2013).  

Assessing the distributional pattern of threat processes has important implications in conservation 

prioritisation. Evidence shows the spatial incongruence of extinction risk between freshwater 

species of mammals, amphibians, reptiles, fishes, crabs and crayfish (Collen et al., 2014). I found 

a similar pattern with threatened bird and mammal pollinators where both taxa are threatened in 

distinct regions of the world. This pattern of threat is driven by high rates habitat loss and 

fragmentation, hunting, developmental activities, invasive species and climate change in these 

regions (Ford et al., 2001; Maron and Fitzsimons, 2007; Jenkins and Racey, 2008; Cardiff et al., 

2009; Mickleburgh et al., 2009; Fischer et al., 2010; Brook et al., 2019; Palacio et al., 2020; 

Renjifo et al., 2020).Therefore, my result has important implications in developing spatially explicit 

effective mitigation strategies to reduce extinction risk of pollinators. Further research with the 

distribution of species richness, endemism and threat status of pollinators are important for 

assessing the overlap between these species and setting up conservation priority areas. The 

distribution of threatened pollinators and plant species across the Western Ghats region of India 

highlights the impact of habitat degradation by human activities in this region (Prasad, 1998; Jha 

et al., 2000; Giriraj et al., 2008; Kumar et al., 2013; Reddy et al., 2016; Ramachandra et al., 

2018). The continued threat to these species in their primary habitat will cause them to entirely 

vanish from this region. 

The presence of a phylogenetic signal in the threat status of mammal pollinators indicates non-

random distribution of extinction risk. This finding agrees with the previous findings reported for 

birds, mammals, reptiles, and amphibians (Bennett and Owens, 1997; Russell et al., 1998; Purvis 

et al., 2000; Corey and Waite, 2008; Di Virgilio et al., 2017; Wang et al., 2018; Shuai et al., 2021; 

Tims and Alroy, 2021). This non-random nature of extinction can reduce pollinator biodiversity 

much more than the random nature of extinction (McKinney, 1997). The absence of phylogenetic 

signal in bird pollinators suggest they are evolutionarily not predisposed to extinction risk, but 
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population declines were linked to phylogeny in bird and mammal pollinators. The absence of 

phylogenetic signals in threat status or population declines of Indian pollinators suggest they are 

not evolutionarily predisposed to extinction. But this could be driven by the small sample size 

available for the analysis. A large-scale analysis with all Indian species will explore the prevailing 

pattern. The conservation of species in protected areas depends on their size (Rodrigues et al., 

2004). Strict management regulations for protecting habitat, expanding forested area, community 

education programmes, controlled land use and policy on hunting and overexploitation are critical 

for the conservation of world’s vertebrate pollinators.  

Extinction risk in mammal pollinators agrees with the previous findings where larger bodied 

species across multiple taxa are more vulnerable to extinction (Cardillo et al., 2005; González-

Suárez et al., 2013; Seibold et al., 2015; Terzopoulou et al., 2015; Verde Arregoitia, 2016; Wang 

et al., 2018; Garcia-R and Di Marco, 2020). But the extinction risk in smaller and larger bodied 

bird pollinators supports earlier global studies that explain the disproportionate risk of extinction in 

vertebrate species (Olden et al., 2007; Ripple et al., 2017). this highlights the need for differential 

approaches for the conservation of the smallest and largest species (Ripple et al., 2017). Both 

smaller and larger pollinators are equally threatened from habitat loss and human exploitation. A 

different trend was reported for global vertebrates, where smaller bodied species were mainly 

threatened from habitat loss/degradation and larger species were from human harvesting (Olden 

et al., 2007; Ripple et al., 2017). This suggests protecting habitat and controlled land use along 

with policy implementation on hunting will be beneficial for the conservation of pollinators. 

Contrary to global pollinators, the threat in Indian pollinators was not linked to body size, but the 

low sample size might be affected the result. Further analysis by including all bird and mammal 

species will be beneficial to obtain a general pattern on species threat and population decline in 

India.  

In India, the economic value of vertebrate pollination services was lower than the insect 

pollination value. This is because insects are the main pollinators of most crop species. However, 
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this study highlights the beneficial services of these species to the Indian economy and 

biodiversity. The economic value of vertebrate pollination has been assessed for just 10% of the 

plant species that are documented as vertebrate pollinated plant species therefore the overall 

value of vertebrate pollination could easily be 10 times more. In India, the paucity of quantitative 

estimates on ecosystem services and long-standing belief that bats are pests by the Indian 

Wildlife Protection Act 1972, remains a drawback for policy making and implementing legal 

protection for bat pollinators (Singaravelan et al., 2009). Now is the time for the Government of 

India to revisit the Indian Wildlife Protection Act, 1972, and make necessary amends to protect 

these pollinators before they become extinct. 
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7 Recommendation to the Government of India 

As a result of this project here I would like to recommend to the Government of India that they 

seriously consider the following core issues/areas.  

1) Take necessary steps and policy implementation to consider all the fruit bats in India to 

list in the protected schedules and promote community education that highlights bats and 

their useful services to biodiversity and society. 

2) Promote and popularize citizen science project/research to increase information on 

biodiversity data. 

3) Increase funding for long term biodiversity research and data collection for species 

distributions. 

4) Provide funding for research that estimates the economic value of non-agricultural plants 

to the Indian economy. 
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