Non-native fishes in the Indian Himalaya: an emerging concern for freshwater scientists
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Abstract

[bookmark: _GoBack]Anthropogenic activities impose major threats to global biodiversity, compounded by changing climatic variables. Freshwater ecosystems are amongst the most vulnerable habitats, integrating multiple pressures across catchment landscapes. Introductions of non-native fish species exert multiple direct and indirect impacts on native species and the ecosystems of which they are part, with further impacts on the socio-economic wellbeing of communities. Field studies and an in-depth literature survey have recorded 15 non-native freshwater fish species from the Indian Himalaya. Three of these species (common carp, brown trout and rainbow trout, all highly invasive fish species globally) were documented from multiple locations between 2010 and 2017, raising environmental concern among scientists. In the wake of changing climatic variables and a range of linked population, land use and river impoundment and conversion pressures across the Indian Himalaya, there is an urgent need to understand the behaviour of these non-native fish species, and identify factors which provide them an ecological advantage over native fish species. This can support a case for cessation of stocking with alien species. Further collection of long-term field data, integrative quantitative models, public awareness and education programmes could greatly assist in addressing these knowledge gaps and identification of effective control measures.     
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Global freshwater ecosystems harbour disproportionately high levels of biodiversity, yet also integrate diverse direct and indirect pressures from human activities across broad catchment landscapes leading to an equally disproportionate decline in species and ecological processes and resources (Brautigam, 1999; Millennium Ecosystem Assessment, 2005a; Dudgeon et al., 2006).  A diversity of anthropogenic threats, from riverine and riparian habitat modification or destruction, to overexploitation of resources, point and non-point sources of pollution, unregulated water abstraction, hydropower projects and introduction of non-native species contribute to biodiversity loss (Beaumont et al., 2011; Gupta et al., 2015). These pressures are further compounded by changing climatic variables that affect species in multiple ways (Buisson & Grenouillet, 2009; Chessman, 2013). A range of linked climate change, resource exploitation, urbanisation and land use change impacts are exerting significant effects on rain-fed water sources and rivers in the Middle Himalayan Ranges across the Western and Eastern Himalaya (Valdiya and Bartarya, 1991; Tiwari and Joshi, 2012 and 2013) leading to significant drying out of springs and rivers exerting adverse impacts on livelihoods and ecosystems (Becker and Bugmann, 2001; Dixit et al., 2009). Freshwater fish species rely on their surrounding environment for spawning, maintaining fitness, refuge and food, development and growth (Däll & Zhang, 2010; Balcombe et al., 2011; Booth et al., 2011; Leuven et al., 2011; Everard; 2015). Whilst different fish species can adapt to changes within limited environmental and temporal bounds (Booth et al., 2011; Isaak et al., 2012), stressors which restrict or exceed this adaptive equilibrium (Booth et al., 2011; Isaak et al., 2012) can negatively affect fish species and the ecosystems of which they are part. In this Communication, we present a quick overview of the current extent of non-native fish species across the Indian Himalaya, potential impacts on the already stressed native fish fauna, and identify further research and awareness-raising needs.

Non-native fish species are defined as those introduced beyond their native range and that are released into a new, non-native habitat (Strayer, 2010). Species transfers can occur deliberately, for example to support aquaculture, enhance a reservoir or a recreational fishery, by the ornamental fish trade or for mosquito control (Knight, 2010; Strayer, 2010). However, species transfers can also occur accidently through angling bait releases, aquaculture escapes, ballast water transport, or water transfer schemes (Gozlan et al., 2010; Olden et al., 2008). Furthermore, simplification of river habitats through modifications such as damming tend to favour more invasive over locally adapted species of fish and other organisms, including blocking their migratory and other behaviours (Mooney & Hobbs, 2000). If a non-native (henceforth introduced) fish species then becomes established and dominates or otherwise negatively impacts native fish species by producing a greater number of offspring per year, predating native species particularly their early life stages, having a higher growth rate, a larger body size, an increased life span, or competes for similar food resources and habitat (Gozlan, 2008), it is referred to as an ‘invasive fish species’ (Hellmann et al., 2008). Globally, invasive fish species have been implicated in the extinction or posed a significant threat to a wide range of native fish species (Mainka & Howard, 2010). This has caused economic losses running into billions of US$ (Allendorf & Lundquist, 2003; Smith et al., 2012), imposing strains on the socio-ecological wellbeing and opportunities of communities, especially in developing countries. 

A wide diversity of freshwater ecosystems and endemic, threatened fish species is found across the Indian Himalayan region (Gupta et al., 2015). Unfortunately, along with existing and emerging anthropogenic stressors including those relating to climate change (Gupta et al., 2015; Gupta et al., 2014), the uncontrolled, unscientific introduction of non-native fish species is slowly degrading the character, integrity and functioning of freshwater bodies in this region (Sehgal, 1999). Field studies and an in-depth literature survey (326 peer-reviewed and non-peer reviewed papers, and a range of grey literature articles) have revealed 15 introduced fish species in the region (see Table 1). There are reports of tilapia and Clarius gariepinus introductions too, albeit not yet reported in the peer-reviewed literature and so not included in the structured findings of this study. It is important to note that although the table provided suggests that only three introduced species have established populations, this is based on the available information and could be underestimating the true situation (currently under assessment through field studies). The presence of these alien fish species is a cause of environmental concern as they could negatively affect native fish species and the ecosystems that support them (Pejchar & Mooney, 2009) (see Table 1), give rise to hybridization (native x introduced fish), spread fish pathogens, and have a detrimental effect on local food web structure and contaminant transfer (Gozlan et al., 2010). 

Brown trout (Salmo trutta) and rainbow trout (Oncorhynchus mykiss) are regularly stocked into freshwater bodies from various hatcheries in the Indian Himalayan region (Bhatt & Pandit, 2015). In addition, common carp (Cyprinus carpio) are captive-bred and widely stocked, whilst the native golden mahseer (Tor putitora) is also extensively stocked including into waters where it did not naturally occur on occasions leading to the loss of locally native species and potentially also leading to genetic simplification. Stockings of non-native species and other fishes potentially beyond their natural ranges in the Indian Himalayas is extensive, for example with the ICAR-Directorate of Coldwater Fisheries Research captive breeding 2.34 lakh (2.34 x 105) eyed rainbow trout ova, 1.3 lakh fry of ‘improved’ Hungarian common carp, and 45,000 golden mahseer fingerlings in 2015-2016 (ICAR-Directorate of Coldwater Fisheries Research, 2016). Aquaculture of these species is primarily carried out to support the nutritional needs and economic viability of local people as well as to support the catch-and-release angling sector at higher altitudes, but has resulted in these species establishing self-reproducing populations – there have been instances of species from these hatcheries ending up in the main channels during floods and other natural/manmade disasters. Increasing reports of common carp, brown trout and rainbow trout in Himalayan waters in recent years (2010-2017) in comparison to previous years (1970-2010) could be attributed to an increase in their distribution through the establishment of viable breeding populations aided by stocking. Further, an extension in the distribution range of the brown trout in the upper Himalayan region of Uttarakhand has been observed between 2007 and 2017 (unpublished data). 

Semi-structured interviews conducted with local, small-scale commercial fishing communities (n=47; 41 males, 6 females; 18-45 years) in the western region of the Indian Himalaya to understand the knowledge and impact of introduced species in the region reveals an alarming picture. Twenty-three respondents (49%) mentioned that there was an increase in occurrence of introduced species (trout species and common carp) during fishing in the last five years. Nineteen individuals (40%) stated that both the palatable and market value of introduced species was comparatively lower than native fish, and hence had impacted the value of local fisheries. There was an urgent demand among respondents (n=39; 83%) for legislative control of introduced species, as there was a fear that they could negatively affect socio-economically important fish species such as native mahseer (Tor spp.). The authors would like to point out that given the landscape and the size of the geographic range, there are numerable communities to survey. However, the small sample size is because a large-scale social science survey was not conducted for this Commentary, something the authors intend to do for the next full-length paper.

Various anthropogenic stressors continue to plague the Indian Himalayan region, and the existing introduced fish species need to be viewed with caution by scientists given their capacity to compound already worrying pressures from changing climatic variables (Shreshtha et al., 2015). Where the spread of some fish species would be checked by the fluctuating temperature, common carp and brown trout are likely to expand their distribution in the Indian Himalaya due to a favourable temperature regime (Rahel et al., 2008). Rainbow trout have a higher temperature tolerance than brown trout (Molony, 2001), suggesting that they too will adapt to changing temperature regimes in the Himalayas. Existing/proposed barrages and dams in the region (Rajvanshi & Maletha, 2012) could restrict the movement of these introduced fish species. However, these man-made barriers often modify riverine habitats and, aided by simplified and generally insufficient ecological flows and repeated stocking, tend to benefit introduced fish species (Melles et al., 2015). Over the last few decades, the construction of dams has transformed the Himalayan landscape, resulting in the creation of vast areas of lacustrine habitats which have been embraced by fisheries departments as opportunities to stock and rear fishes which are often not indigenous to the recipient river catchment. The multiple environmental and social impacts of dams include disruption of movement of species from a variety of taxa, including potentially blocking access to spawning streams. Progressive river simplification further compromises habitat used by species and their prey, and may favour other species that are less adapted to naturally variable flow regimes.  As well as reducing water quantity in rivers through abstraction and diversion, this smoothing of flow regimes can disrupt the ecology and population performance of native fishes. Worryingly, current proposals to interlink Indian Himalayan Rivers could further assist with spread of introduced fishes (and other taxa), which could result in them out-competing or perturbing native fish populations (Däll & Zhang, 2010), increase the distribution and abundance of non-native fishes, mix formerly separated genetic strains and leave few adaptive opportunities for native fish species (Comte et al., 2013). 

In view of the above, identifying factors that give introduced species an ecological advantage over native species should be an urgent requirement in the Indian Himalayan region (Morrongiello et al., 2011). There is a need to further investigate the population status and distribution of introduced fish species, including long-term monitoring of freshwater bodies (Isaak et al., 2012) especially at the margins of the range of introduced species (Hellmann et al., 2008). Quantitative models integrating abiotic and biotic data, validated through large-scale long-term field ecological data, can help predict the distribution of existing introduced fish species in the region (Smith et al., 2012; Strayer, 2010). The uncontrolled, unscientific stocking of introduced fish species needs to be reviewed and addressed by concerned authorities to minimise potential disruptions to the ecological functions of native aquatic communities (Allendorf & Lundquist, 2003; Rahel et al., 2008). There is a related need for regulatory capacity-building and empowerment as, despite the successful establishment of institutions to conserve water birds and wetland habitats, there is at present a lower priority for conservation of freshwater biodiversity in terms of species and habitats leading to limited allocation of resources to increase knowledge and understanding of freshwater ecosystems and impact assessment of management practices and development projects that affect them (Brautigam, 1999). The status of fish as a taxonomic group with wide conservation, utilitarian and other cultural values also needs to addressed, for example redressing their conspicuous exclusion from India’s Wildlife Protection Act 1972 offering protection of wild animals and plants where animals are defined only as “…amphibians, birds, mammals, and reptiles”. Attempts should also be made to understand and avoid or mitigate other anthropogenic threats compounding the potentially synergistic impacts of introduced species and changing climatic variables on aquatic species (Rahel et al., 2008). Public awareness and educational programs targeting local stakeholders could play a key role in spreading knowledge regarding the significance of introduced fish species (Sahgal, 1999) and the conservation of native fishes (Gupta et al., 2014) in the Himalayan region.
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Table 1: Documented non-native fish species in the Indian Himalayan biodiversity hotspot
(Key: J&K = Jammu & Kashmir; HP = Himachal Pradesh; UK = Uttarakhand; SK = Sikkim; AP = Arunachal Pradesh; * = not known, under investigation)   

	Common 
Name
	Scientific name
	Native habitat^
	Year; and 
region of 
introduction@#
	Current 
distribution@$
	Population 
status in the 
wild@$
	Interaction with native fish species and ecosystem (Esmaeili, Teimori, Owfi, Abbasi, & Coad, 2014; Gozlan et al., 2010; Grabowska, Kotusz, & Witkowski, 2010; Mainka & Howard, 2010; Rahel et al., 2008; Sarkar et al., 2012; Simon & Townsend, 2003; Strayer, 2010)

	Common carp
	Cyprinus carpio
	Europe, Central Asia
	1956; J&K
	J&K, HP, UK, AP 
	Established
	Disturbs the ecosystem; decreases water quality; destroys nesting and feeding habitat of native fish

	Brown trout
	Salmo trutta
	Europe, Russia
	1899; J&K
	J&K, HP, UK, SK, AP
	Established
	Displaces top predators; threatens native fish; changes activity/habitat selection of invertebrate prey

	Rainbow trout
	Oncorhynchus mykiss
	Asia, United States
	1904; J&K
	J&K, HP, UK, AP
	Established
	Eliminates native fish population; affects the ecosystem

	Mirror carp
	Cyprinus carpio specularies
	Europe
	1947; HP, UK
	HP, UK
	*
	Disturbs the ecosystem; decreases water quality; destroys nesting and feeding habitat of native fish

	Silver carp
	Hypophthalmichthys 
Molitrix
	China, Mongolia, Russia
	1971; HP
	J&K, HP, UK, AP
	*
	Affects native fish, (i.e. surface feeders), and ecosystem

	Grass carp
	Ctenopharyngodon 
Idella
	East Asia
	1971; UK
	J&K, HP, UK, AP
	*
	Affects habitat vegetation; decreases refuge area for native fish

	Crucian carp
	Carassius carassius
	Europe, Russia
	1956-1958; J&K
	J&K, UK
	*
	*

	Eastern 
Mosquitofish
	Gambusia holbrooki
	United States
	*
	J&K
	*
	Competes for food; preys on the eggs of native fish

	Western 
Mosquitofish
	Gambusia affinis
	Mexico, United States
	*
	J&K, UK
	*
	*

	Eastern brook 
Trout
	Salvelinus fontinalis
	United States, Canada
	1969; J&K
	*
	Not established 
	*

	Splake trout

	Salvelinus namaycush
 x Salvelinus fontinalis
	Canada
	1959-1970;  J&K
	*
	Not established
	*

	Atlantic salmon
	Salmo salar
	Europe, United States, 
Canada, Russia
	1959-1970; J&K
	*
	Not established
	*

	Bighead carp
	Hypophthalmichthys 
Nobilis
	China
	*
	*
	*
	Influences native ecosystem

	Mozambique 
tilapia
	Oreochromis 
mossambicus
	South Africa
	*
	*
	*
	Competes for food and spawning habitat with native fish

	Nile tilapia
	Oreochromis niloticus
	Africa
	*
	J&K
	*
	Competes for food and spawning habitat with native fish


^IUCN Red List of Threatened Species (2016); www.fishbase.org
@based on in-depth literature survey (peer and non-peer reviewed, grey literature)
#potentially for aquaculture, to support local fisheries, and for recreational (catch-and-release) angling
$potentially aided by unregulated stocking and the spread of non-native fish species 
