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In an era of global climate change and a growing demand for animal protein, increasing the production of fish through
sustainable and environmentally sensitive practices is critical. The concept of climate-smart agriculture is applied to
aquaculture, in which management strategies for increasing production integrate climate resilience. Incorporating the use
of native species, particularly air-breathing species, in climate-smart aquaculture may provide the potential to grow local
economies, and potentially addresses some of the concerns about environmental impacts by leveraging the evolutionary
ecology of certain fish species in their native landscape. Developing new native species for aquaculture must still be
approached in a responsible manner that diminishes the chance for negative environmental, economic, and social impacts.

People around the world rely on fish as a primary source of protein and income, and the growing aquaculture industry
provides roughly half of the global fish supply. However, to meet the demands of a rapidly expanding population, a rising (b) Cluzig [ everEes e e (i s=a (o A=s Ity
middle class, and an increasingly urban population, protein consumption is expected to increase by 25% to 45kg per capita R TN A P
by 2020. The development of sustainable, climate-smart aquaculture will provide responsible options to the growing industry.

Aquaculture, like agriculture and other human activities, will

feel the effects of long-term climate change. Among the myriad
challenges, temperature increases, ocean acidification, and sea
level rise (Figure 1) will affect the world’s coastal aquaculture
operations, much of which occurs in poorer countries. Temperature
changes will test the resiliency of domesticated varietals. The
shifting distribution of global freshwater supplies and habitats

will pose challenges and potential for new opportunities for the
aquaculture industry, small farmers, and the marketplace.

Research challenges and opportunities involve: e NRPAGE R T

- Understanding the adaptive range of these species under climate -~ NG -
change.

 Developing cultivation techniques for new species, such as air-
breathing fishes.

- Domestication of indigenous species for contributing to 04 -03
the development of local communities as well as protecting grown in brackish water. The responsible expansion of Pangasius culture Figure 1- IPCC AR5-CMIP5 multi-model mean projections for the 2081-2100 period under the
I across Bangladesh can provide additional opportunities for communities, RCP2.6 (left) and RCP8.5 (right) scenarios for (a) change in annual mean surface temperature
ecosystems. . . | _ narios for |
already imacted by climate change. (Photo by Dr. Md. Lokman Ali'). and (b) change in annual mean precipitation, in percentages, and (c) change in average sea level.

Changes are shown relative to the 1986—2005 period. (IPCC, 2014).

Air-Breathing Fish Climate-Smart Agriculture

Agriculture Opportunity space Possible futures
A diverse group of fish has developed the ability to utilize The variability in the climate and the associated impacts exacerbate production
atmospheric oxygen for respiration through a variety of ES’C‘S?“T”SVS ’ . High owrick  Tisks and challenge the coping capacity of farmers at all scales. The climate-

. : : oordinated policymaking i A . : .
air-breathing organs. This development allows themto NPt o | i cnothened institutions resilience smart approach to agriculture can easily be adapted for aquaculture, by which
survive in aquatic environments with low-oxygen to anoxic including Evidence-based planning increased production is managed for sustainability, climate adaptation, and
conditions, low water levels, and poor water quality — climate change Stable dedicated finaﬂciﬂg/f-----"*-* - climate mitigation. This provides an approach to build resilient food production
presenting unique advantages for aquaculture. Towards /ﬂ, — systems to more effectively support development and ensure secure sustainable
the goal of climate-smart aquaculture, this research is i ,\’” | : food security in the face of climate change.
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© farming of Indigenots air-breathing fish and deveioping Apgs \w.;ﬂl__f,/ \ reconciling tradeoffs for building resilient systems on a local and a global scale
more sustainable practices. Predicting that air-breathing = / \w B e
f'ﬁh sl blf_mlc_)krel resilismi e m_an)? o thti.'mpaCtS of_”c::l)mate \ //\iﬂ' 1. Sustainable increase production and incomes
change, it s likely many species from this group will be T R 2. Climate change adaptation
valuable assets for diversifying the aquaculture industry i ——— L 3. Climate change mitigation
farmed responsibly. Already, the culture of air-breathing o e e ity

] ' ' ] - Business as usual > /] . . . . .
f'ShrSp?r?'eS h?S mirefsteqno(v?rr gr]e F:s‘z[ dfe_cs °E aqd 'S.'n - Esgg'ee”‘fe - Names and type of air-breathing organ (ABO) of air-breathing fishes
a growing SOP ce (_) protein (air-brea ning 1S spemes.l | Ty Highrisk Occurring in aquaculture. Table adapted from Lefevre et al. (2014), which is
aquaculture listed in the table to the right). The following B3 Social tionce ¥

. . . stressors resilience based on data from Graham (1997) and FAO (2012).
workflow (Figure 3) is planned to develop a decision support : . . .
¢ T alee dadsl " T — Family Genus species Common name Air Breathing Organ
I e p_S EEIeI nnke. e.I’S siel e a__e aileisls Figure 2- Climate-resilient transformation pathways for climate-smart agriculture. _ , — _
evaluate the environmental, social, and political tradeoffs Actions taken at various decision points along a climate-smart pathway results Anabantidae Anabas testudineus Climbing perch Labyrinth organ
associated with farming indigenous air-breathing fish In higher resi!ience. Alter_natively, business as usual leads to higher risk and low Anguillidae Anguilla spp. == Skin. swimbladder
to meet the three primary objectives of climate-smart eEllinge: (g e Lippetr @ l, 20145 , _ _ |
: : Osteoglossidae Arapaima gigas Arapaima Suprabranchial chamber
aquaculture listed at the right.
< Gobiidae Boleophthalmus pectinirostris  |Blue-spotted mudskipper |Skin, mouth
Air Breathing Fish physiological parameters : .
. Channidae Channa spp.? Snakehead Suprabranchial chamber
B Channa striata (pictured at left)
M (Photo by Hap Navy) Notopteridae Chitala chitala Clown knifefish Swimbladder
E Clariidae Clarias spp.° Walking catfish Suprabranchial chamber
Biophysical Data ~ . — — : :
Climate Data (past) Helostomatidae Helostoma temminckii Kissing gourami Labyrinth organ
Clariidae Heterobranchus bidorsalis African catfish Suprabranchial chamber
Climate Data (projected)
Heteropneustes fossilis Hgteropneustidae Heteropneustes fossilis Asian stinging catfish Air-sacs
' , ' (Image from fishbase.com) (pictured at left)
Osteoglossidae Heterotis niloticus African arowana Suprabranchial chamber
Y Callichthyidae Hoplosternum littorale Tamuata Intestine
habitat suitability/ _ _
Loricariidae Hypostomus plecostomus Suckermouth catfish Stomach
envelope model
Cobitididae Misgurnus anguillicaudatus Weather loach Intestine
Synbranchidae Monopterus albus Asian swamp eel Mouth
Osphronemus gora . . T :
(Image from trogpi(‘fal-fish-keeping.com) Notopteridae Notopterus notopterus Asian knifefish Swimbladder
Osphronemidae Osphronemus goramy Giant gourami Labyrinth organ
(pictured at left)
Eleotridae Oxyeleotris marmorata Marble goby Mouth
v L""
v LL:.L“‘"L Pangasiidae Pangasianodon hypophthalmus |Striped catfish Swimbladder
M o S (pictured at left)
: - _® S Notopteridae Papyrocranus afer Reticulate knifefish Swimbladder
Social, political, market and, NN Pl Py . ol el !

Pangasius hypopthalmus
(Image from tepbac.com)

management scenarios aAngquilla spp.=Anguilla anguilla and Anguilla japonica.
bChanna spp.= Channa argus, Channa marulius, Channa micropeltes, Channa punctata and Channa striata.

°Clarias spp.= Clarias batrachus, Clarias gariepinus and Clarias gariepinus x Clarias macrocephalus.

Y References

: STerre— Graham, J. B. (1997). Air-Breathing Fishes: Evolution, Diversity, and Adaptation. London: Academic Press.

§ %\}i’%( " IPCC. (2014). Climate Change 2014: Synthesis Report. Contribution of Working Groups |, Il and Ill to the Fifth Assessment Report of the Intergovernmental

' gt Panel on Climate Change. (C. W. Team, R. Pachauri, & L. Meyer, Eds.). Geneva, Switzerland: IPCC.
pport System Kramer, D. (1983). The Evolutionary Ecology of Respiratory Mode in Fishes: an Analysis Based on the Costs of Breathing. Environmental Biology of Fishes, 9(2),
CETD WS 145-158.
Wf/____, Lefevre, S., Bayley, M., Mckenzie, D. J., & Craig, J. F. (2014). Air-breathing fishes. Journal of Fish Biology, 84(3), 547-553.
—— Lipper, L., Thornton, P., Campbell, B. M., Baedeker, T., Braimoh, a, Bwalya, M., ... Torquebiau, E. F. (2014). Climate-smart agriculture for food security. Nature
Figure 3- Air-breathing fish and Climate-Smart Aquaculture Workflow Climate Change, 4(December).

The Innovation Lab for Collaborative Research on Aquaculture & Fisheries (AquaFish Innovation Lab) is funded under USAID
Leader with Associates Cooperative Agreement No. EPP-A-00-06-00012-00 and by the participating US and Host Country
partners. This work was made possible by the generous support of the American people through USAID. The contents are the
responsibility of the authors and do not necessarily reflect the views of USAID or the United States Government.

11 AFAF Bangkok, Thailand, August 2016




