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Climate change and invasive species are
two of the greatest threats to global biodiversity, and their impacts are compounded when they interact with each
other1. For example, altered flow regime
as a result of climate change is one of the
major pathways by which alien species
are introduced into new aquatic ecosystems2, while storms and associated
flooding increase their dispersal through
escapes from aquaculture facilities3.
Freshwater ecosystems of Kerala are
considered as a global hotspot for fish
diversity (~200 species) and endemism
(30%)4,5, with some rivers (e.g. Periyar
and Chalakudy) harbouring the only remaining global populations of several
threatened species (including Alliance
for Zero Extinction (AZE) species)6. Unfortunately, these irreplaceable sites are
under considerable threat from a range of
anthropogenic stressors, including hydropower dams, alien invasive species,
overharvest and pollution5,7,8. The
unprecedented and catastrophic floods in
August 2018 has become an additional
and perhaps one of the most significant
threats to the native freshwater fishes of
Kerala, as evidenced by the increasing
occurrence of ‘fugitive fish’9 – escapees
from aquaculture facilities. What makes
this case of fugitive fish hazardous from
a biodiversity perspective is the fact that
majority comprise of mostly predatory
exotic species, which are rapidly spreading, acclimatizing and flourishing in new
environments across the globe10.
Two most notorious alien species
which emerged during the 2018 floods,
that have the potential to threaten Kerala’s exceptionally rich native ichthyofauna are the arapaima, Arapaima gigas
(Schinz, 1822) and alligator gar, Atractosteus spatula (Lacepède, 1803) (Figure
1). Popularly known as ‘piscine living
fossils’, both arapaima and alligator gar
are ‘ancient fishes’11,12, with their origin
dating back to the Cretaceous or even
earlier13,14. Arapaima, endemic to the
Amazon, is one of the ‘megafishes’ of
the world, growing up to 4.5 m in length
and 200 kg in body weight, while the
alligator gar, native to USA and Mexico,
reaches a body length and weight up to
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3 m and 137 kg respectively15. Both
these species are the focus of organized
(and in some cases unregulated) food,
recreational and ornamental fisheries in
their range countries15. While much of
the native arapaima populations are currently overfished and their international
trade regulated (i.e. Schedule II of
CITES)16, habitat loss due to river engineering structures and indiscriminate
fisheries have resulted in significant
decline in alligator gar populations in
their native range17. Concomitant with
the population decline in their range
countries, is the increasing occurrence
of aquaculture associated ‘fugitives’ of
these two giant fishes from outside their
natural range, mostly as a result of the
unregulated ornamental fish trade18–20.
As a result of its large body size, life
history and feeding ecology, A. gigas
demonstrates multiple impacts on the
ecosystems where it is introduced. For
example, in Bolivia, the introduction of
A. gigas resulted in considerable decline
of native species, subsequently affecting
fisher livelihoods18. On the other hand,
impacts of alligator gar introduction/
invasion on native species are unknown
because of the relatively few studies on
this topic, mostly as a result of the recent
spread of this species into non-native habitats. Nevertheless, considering its high-

ly predatory nature, adaptations to wider
ecological niches and large body size,
the ‘precautionary principle’ needs to be
adopted and detailed research on impacts
carried out21.
Both arapaima and alligator gar are
illegally introduced into India as they do
not figure in the indicative list of 92 ornamental fishes considered for import22.
In addition, arapaima being listed in the
Schedule II of CITES, has been specifically prohibited for import into the country22. In Kerala, the ‘use of non-domestic
fish and fish seeds for fish farming without subjecting them to quarantine proceedings and quality check’ has been
prohibited through the Kerala Inland
Fisheries and Aquaculture Act, 2010,
while the Kerala Fish Seed Bill, 2014
demands strict quarantine measures for
introduction of any non-native fish into
the state. Nevertheless, lack of mechanisms for implementing and enforcing
these provisions facilitates the illegal
farming of top predators like arapaima
and alligator gar in Kerala. Their culture,
exhibition and sale continue unabated
through public aquarium shows, social
media and e-commerce enterprises. Interview and promotion videos of ornamental fish farmers and farms available in
the public domain (including several on
YouTube™) reveal that the fingerlings of

Figure 1. a, Arapaima caught from the Kodungaloor backwaters after the 2018 floods.
b, Alligator gar caught from the Kurumali River.
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these species originate from the markets
in Kolkata, probably illegally imported
through Bangladesh.
Our observations based on field surveys carried out in three major river systems affected by the floods, viz. Periyar,
Chalakudy and Pampa, and local knowledge of fishers, riverine-dwelling communities, fish vendors, as well as an
extensive review of social, print and
electronic media revealed that postflooding, fugitive arapaima were caught
from the Chalakudy (a river that harbours many Western Ghats endemic fish
species), the Malankara reservoir on the
Muvattupuzha River and the backwaters
near Kodungallor, while alligator gar
were caught from the Periyar and Kurumali rivers and Perumbalam Lake near
Cochin. It is more or less certain that the
illegal introduction of arapaima has only
started recently in farms around River
Chalakudy, as previous studies from this
river did not record this alien species23,24.
Though only a limited number of individuals of these two species were caught
from the wild, many could still be
remaining unrecorded in these water
bodies (for example, a farmer from Edathua (9.37N, 76.46E) reported loss of an
alligator gar from his stock), as personal
communication with expert respondents
suggests that rampant farming and rearing of these giant fishes were carried out
in many parts of Kerala, which were
greatly affected by the floods.
Arapaima has many life-history traits
that make it adaptable to the existing
eco-biological conditions in the rivers of
Kerala. These fishes are obligate, air
breathing species that surface every 5–
15 min to gulp atmospheric air25, making
them fit for survival even in polluted
waters and giving them a competitive
edge over many other native species.
Arapaima is also a top predator capable
of preying upon all native fish species of
Kerala26; and possessing specialized
scales that protect it from other predators27. These fishes also demonstrate
parental care, a biological trait that is
significantly associated with establishment success of non-native fish28, which
ensures greater recruitment success.
Though large rapids and waterfalls are
known to be barriers to the movement of
this species29, the actual dispersal capabilities of arapaima fugitives in the rivers
of Kerala need to be examined in detail.
However, we suggest that a precautionary approach be taken in this regard, as

the species could successfully invade
lakes and reservoirs, which are its ideal
habitats. Like the arapaima, the alligator
gar is also a top-level carnivore feeding
on a range of organisms, including fish,
crustaceans, reptiles as well as aquatic
birds and mammals15, threatening the
very existence of freshwater-dependent
biodiversity in regions where it is released (or escapes into). Unfortunately,
alligator gar has already been recorded in
public water bodies from many regions
of India30,31, indicating its extensive (and
illegal) use in ornamental fish trade and
aquarium-keeping.
If a novel species is introduced for
aquaculture or aquarium fish trade to a
new region, it is unreasonable to assume
that it will not disperse geographically32.
This is because escapes from aquaculture
systems are unavoidable due to inefficient control systems for avoiding
them31, and natural calamities like floods
make such situations more complicated.
Much of the aquaculture of ornamental
fishes in Kerala is carried out in farms,
granite quarries and homestead ponds in
the vicinity of major river systems7.
These farming and rearing systems have
very little infrastructure to prevent the
escape of captive fish into the adjoining
natural ecosystems (in most cases rivers
or backwaters)7. In the absence of proper
biosecurity measures as well as a general
lack of enforcement mechanisms for the
existing legal provisions, the only way to
safeguard the endemic aquatic biodiversity of the Kerala part of the Western
Ghats from alien invasions is to impose a
total ban on import and farming of dangerous species, such as the alligator gar
and arapaima. It is also imperative that
urgent audits be carried out to determine
the actual numbers of these two species
that existed (and currently existing) in
captive facilities (both for sale and exhibition) in the state, and a continuous
awareness and monitoring scheme initiated to record the occurrence of fugitive
individuals of these two species (as well
as other aliens) in the future.
Several studies have documented the
distribution of exotic fish species in the
natural waters of Kerala, and a list of 27
exotic species introduced into the natural
water bodies of India has been recently
published by the National Biodiversity
Authority33. The pre-flood assessment of
alien species from the inland waters of
Kerala recorded both invasive species
(Cyprinus carpio, Gambusia affinis,
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Poecilia reticulata, Oreochromis mossambicus, Oreochromis niloticus, Ptergoplichthys sp. and Clarias gariepinus),
and alien species without any confirmed
report of invasion (Ctenopharyngodon
idella, Hypophthalmichthys molitrix, Xiphophorus hellerii, X. maculatus, Piaractus brachypomus, Oncorhynchus cf.
mykiss, Pangasianodon hypophthalmus,
and Osphronemus goramy)34, but no
records of either of the two fugitive species, A. gigas and A. spatula were available prior to the floods.
The lack of strict policies and enforcement mechanisms in the fight against
alien invasive species in India, is a classic example of how national policies
conflict and contradict with international
conservation goals and agreements such
as the Convention on Biological Diversity35. The most important and significant
conflict is with the Aichi Biodiversity
Targets (https://www.cbd.int/sp/targets/).
The issue of alien species invasions, and
the continued absence of policies and
management measures in India are in
direct conflict with Target 9 (i.e. control
and eradication of alien species), as the
country has not yet initiated any policies
to control and eradicate alien aquatic organisms and at the same time continues
to support the aquaculture of non-native
species. Continuing neglect of the issue
of invasive species in India is also directly
conflicting other Aichi Targets, including Target 1 (education and awareness on
biodiversity), Target 3 (ceasing harmful
incentives and perverse subsidies), Target 7 (sustainable management of aquaculture) and Target 13 (preservation of
genetic diversity). There is thus an
urgent need for adopting and initiating a
nationwide ‘alien species management
and eradication scheme’ following the
precautionary and preventive principles,
and developing a strict policy by involving local, regional and national biodiversity managers, fisheries experts and
policy makers, for managing invasions at
the ground level and for meeting international biodiversity targets.

1. Mainka, S. A. and Howard, G. W.,
Integr. Zool., 2010, 5, 102–111.
2. Rahel, F. J. and Olden, J. D., Conserv.
Biol., 2008, 22, 521–533.
3. Padilla, D. K. and Williams, S. L., Front.
Ecol. Environ., 2004, 2, 131–138.
4. Biju Kumar, A. and Raghavan, R.,
J. Threat. Taxa, 2015, 7, 8036–8080.
1629

OPINION
5. Dahanukar, N., Raghavan, R., Ali, A.,
Abraham, R. and Shaji, C. P., In The Status and Distribution of Freshwater Biodiversity in the Western Ghats, India.
(eds Molur, S. et al.), IUCN, Cambridge,
UK and Gland, Switzerland and Zoo
Outreach Organization, Coimbatore,
2011, pp. 21–48.
6. Molur, S. and Raghavan, R., In Protected
Asia Planet Report (eds Juffe-Bignoli, D.
et al.), UNEP-WCMC Cambridge, UK,
2011, p. 67.
7. Krishnakumar, K. et al., Curr. Sci., 2009,
97, 474–476.
8. Raghavan, R., Ali, A., Dahanukar, N.
and Rosser, A., Fish. Res., 2011, 110,
29–38.
9. Naylor, R. et al., Bioscience, 2005, 55,
427–437.
10. https://www.indiatimes.com/news/india/
predatory-fish-like-arapaima-red-bellypiranha-and-alligator-gar-spotted-afterkerala-floods-352136.html (accessed on
2 September 2018).
11. Wright, J. J., David, S. R. and Near, T.
J., Mol. Phylogenet. Evol., 2012, 63,
848–856.
12. https://blog.nationalgeographic.org/2016/
08/08/conservation-of-ancient-fishesreintroducing-the-alligator-gar-and-whatabout-those-carp/ (accessed 2 September
2018).
13. Lundberg, J. G. and Chernoff, B., Biotropica, 1992, 24, 2–14.
14. Cavin, L., Naturwissenschaften, 2010,
97, 1035–1040.
15. Froese, R. and Pauly, D., FishBase,
2018; www.fishbase.org, accessed on 2
September 2018.
16. Castello, L. and Stewart, D. J., J. Appl.
Ichthyol., 2010, 26, 49–56.
17. https://www.nationalgeographic.com/environment/freshwater/alligator-gar/ (accessed on 2 September 2018).

1630

18. Miranda-Chumacero, G. et al., Bioinvas.
Rec., 2012, 1, 129–138.
19. Mutlak, F., Jawad, L. and Al-Faisal, A.,
Acta Ichthyol. Piscat., 2017, 47, 205–
207.
20. Howells, R. G., Introduced non-native
shellfishes in Texas waters: an updated
list and discussion, Texas Parks and
Wildlife Department, Austin, Texas,
p. 33.
21. Fuller, P., Alligator Gar (Attractostens
spatuala) – species
profile;
2019;
https://nas.er.usgs.gov/queries/Factsheet.
aspx?speciesID=755 (accessed on 10
March 2019).
22. Anon., Guidelines for the import of
Ornamental Fishes into India; http://
aqcsindia.gov.in/pdf/trade-14.pdf;
(accessed on 6 September 2018).
23. Raghavan, R., Prasad, G., Anvar-Ali, P.
H. and Pereira, B., Biodivers. Conserv.,
2008, 17, 3119–3131.
24. Raghavan, R., Prasad, G., Anvar-Ali, P.
H. and Pereira, B., Biol. Invas., 2008, 10,
37–40.
25. Castello, L. and Stewart, D. J., J. Appl.
Ichthyol., 2010, 26, 49–56.
26. Castello, L., Stewart, D. J. and Arantes,
C. C., Rev. Fish Biol. Fish., 2011, 21,
623–640.
27. Yang, W. et al., Acta Biomater., 2014,
10, 3599–3614.
28. Drake, J. M., Function. Ecol., 2007, 21,
963–968.
29. Torrente-Vilara, G. et al., Ecol. Freshwater Fish, 2011, 20, 588–597.
30. Thakur, J., Hindustan Times, 2016;
https://www.hindustantimes.com/kolkata/
kolkata-discovery-of-predator-fish-thatresembles-an-alligator-concerns-experts/
story-0fkEMG3VAcgCouDRFGQgEM.
html (accessed on 6 September 2018)
31. Pradhan, H., The Times of India, 2017;
https://timesofindia.indiatimes.com/city/bh

32.
33.

34.

35.

ubaneswar/alligator-gar-fish-found-inbindusagar-tank/articleshow/59290611.
cms (accessed on 6 September 2018)
Garcia, D. A. Z. et al., Biodivers. Conserv., 2018, 27, 3545–3558.
Sandilyan, S., Meenakumari, B., Biju
Kumar, A. and Mandal, R., A review on
impacts of invasive alien species on
Indian inland aquatic ecosystems.
National Biodiversity Authority, Chennai, 2018.
Biju Kumar, A., Survey and mapping of
exotic freshwater biodiversity in Kerala
using Geographic Information System.
Final Project Report submitted to the
Directorate of Environment and Climate
Change, Government of Kerala, 2019.
Junior, D. P. L. et al., Ambio, 2018, 47,
427–440.

A. Biju Kumar and Smrithy Raj are in the
Department of Aquatic Biology and
Fisheries, University of Kerala, Thiruvananthapuram 695 581, India; C. P. Arjun
is in the C.V. Raman Laboratory of Ecological Informatics, Indian Institute of
Information Technology and Management,
Thiruvananthapuram 695 581, India;
Unmesh Katwate is in the School of
Ocean Science and Technology, Kerala
University of Fisheries and Ocean Studies, Kochi 682 506, India and the Bombay Natural History Society, Mumbai
400 001, India; Rajeev Raghavan* is in
the Department of Fisheries Resource
Management, Kerala University of Fisheries and Ocean Studies, Kochi 682 506,
India.
*e-mail. rajeevraq@hotmail.com

CURRENT SCIENCE, VOL. 116, NO. 10, 25 MAY 2019

