Modelling future changes of habitat and fauna in the Tonle Sap wetland of the Mekong
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APPENDIX 1

Table S1 Tonle sap fauna and habitat seasonal associations. OW = open water, GF = gallery forest, FG = seasonally flooded grasslands, FS = seasonally flooded shrublands, LG = lowland grasslands, AF = abandoned fields, TR = transitional zone rice (floating and recession rice), VC = village crops, LS = lowland shrublands and R = rainfed/irrigated rice. Nutritional, conservation and ecological values were evaluated as either present (1) or absent (0). A question mark (?) indicates unknown information. 
	Common name
	Species
	Diet
	Breeding timing
	Breeding 
location
	Rising season (Jun–Aug)
	Wet 
season 
(Sept–Nov)
	Receding season (Nov–Feb)
	Dry 
season 
(Mar–May)
	Nutritional value
	Conservation value
	Ecological value
	Source

	Cyprinid
	Cirrhinus microlepis
	Plankton, plants, insects
	May–June
	Mekong
	OW, GF, FG, FS
	OW, GF, FG, FS, TR, AF
	OW, GF, FG, FS,
	OW
	1
	0
	0
	Lim et al. (1999); Lamberts (2001)

	Cyprinid
	Cyclocheilichthys apogon
	plankton, zoobenthos, crustaceans
	Sept–Oct
	floodplain
	OW, GF, FG, FS
	GF, FS, FG, TR, AF
	OW, GF, 
	OW
	1
	0
	0
	Lamberts (2001)

	Cyprinid
	Cyclocheilichthys enoplos
	zooplankton, insects, fish, benthic community
	Jun
	inundated land
	OW, GF, FS, FG
	OW, GF, FS, FG, LG, AF, TR
	OW, GF
	OW
	1
	0
	0
	Lim et al. (1999); Lamberts (2001)

	Cyprinid
	Henicorhynchus siamensis
	Plankton, plants
	May–June
	river–floodplain
	OW, GF, FG, FS
	OW, GF, FG, FS, T
	OW, GF, FG, FS
	OW
	1
	0
	0
	Lim et al. (1999); Lamberts (2001)

	Cyprinid
	Osteochilus melanopleurus
	plankton, plants, detritus
	May–June
	Floodplain
	OW, GF, FG, FS
	OW, GF, FG, FS, T
	OW
	OW
	1
	0
	0
	Lim et al. (1999); Lamberts (2001)

	Cyprinid
	Dangila spp.
	phytoplankton, zooplankton
	May–June
	Floodplain
	OW, GF, FG, FS
	OW, GF, FG, FS, T
	OW, GF, FG, FS
	OW
	1
	0
	0
	Lim et al. (1999); Lamberts (2001)

	Snakehead
	Channa striata
	Fish
	Jun–Jul
	Floodplain
	OW, GF, FG, FS
	OW, GF, FG, FS, T
	OW, GF, FG, FS
	OW, GF, FG, FS
	1
	0
	0
	Lim et al. (1999)

	Giant Snakehead
	Channa micropeltes
	fish, crustaceans
	Jun–Jul
	Floodplain
	OW, GF, FG, FS
	OW, GF, FG, FS, T
	OW, GF, FG, FS
	OW, GF, FG, FS
	1
	0
	0
	Lim et al. (1999)

	Snakehead
	Channa lucius
	fish, prawns, crabs
	Jun–Jul
	Floodplain
	OW, GF, FG, FS
	OW, GF, FG, FS, T
	OW, GF, FG, FS
	OW, GF, FG, FS
	1
	0
	0
	

	Walking Catfish
	Clarias batrachus
	fish–molluscs
	Jun–Jul
	Floodplain
	OW, GF, FG, FS
	OW, GF, FG, FS, TR, AF, LG
	OW, GF, FG, FS
	OW, GF, FG, FS
	1
	0
	0
	Lim et al. (1999)/Campbell et al. (2006)

	Climbling perch
	Anabas testudineus
	Fish
	Wet season
	Floodplain
	OW, GF, FG, FS
	OW, GF, FG, FS, TR, AF, LG
	OW, GF, FG, FS
	OW, GF, FG, FS
	1
	0
	0
	Lim et al. (1999);Campbell et al. (2006);Valbo–Jørgensen et al. (2009)

	Pangasius
	Pangasius larnaudieri
	fish, crustaceans, plant matter
	May–Jun
	Floodplain/Mekong
	OW, GF, FG, FS
	OW, GF, FG, FS, TR, AF, LG
	Mekong
	Mekong
	1
	1
	0
	Lim et al. (1999)/Campbell et al. (2006)

	Pangasius
	Pangasius siamensis
	Insects
	May–Jun
	Floodplain/Mekong
	OW, GF, FG, FS
	OW, GF, FG, FS, TR, AF, LG
	Mekong
	Mekong
	1
	1
	0
	Lim et al. (1999)

	Homalopsidae Water Snake
	Enhyndris Enhydris
	Fish
	Apr–Jun
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	1
	1
	0
	Brooks et al. (2009)

	Homalopsidae Water Snake
	Enhyndris longicaude
	Fish
	Apr–Jun
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	1
	1
	0
	Brooks et al. (2009)

	Homalopsidae Water Snake
	Homalopsis buccata
	Fish
	Apr–Jun
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	1
	1
	0
	Brooks et al. (2009)

	Homalopsidae Water Snake
	Enhyndris bocourti
	Fish
	Apr–Jun
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	1
	1
	0
	Brooks et al. (2009)

	Homalopsidae Water Snake
	Enhyndris tentaculatus
	Fish
	Apr–Jun
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	1
	1
	0
	Brooks et al. (2009)

	Checkered keelback Water Snake
	Xenochrophis piscator
	Fish and frogs
	Apr–Jun
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	1
	1
	0
	Brooks et al. (2009)

	Red–tailed Pipe Water Snake
	Cylindrophis ruffus
	eels , other snakes
	Aug–Oct
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	1
	1
	1
	Brooks et al. (2009)

	Malayan Snail–eating Turtle
	Malayemys subtrijuga
	Snails, benthis onvertebrates
	dry season
	FS
	GF, FS
	FR
	FR
	GF, FS
	1
	1
	0
	Davidson (2006)

	Burmese Python
	Python molurus
	small mammals, amphibians, invertebrates
	dry season
	FS
	–
	–
	–
	FS
	0
	0
	1
	Davidson (2006)

	Grey–headed fish–eagle
	Ichthyophaga ichthyaetus
	Water snakes, fish
	Oct–Dec
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	GF, FG, FS
	0
	1
	1
	Tingay et al. (2010)

	Spot–billed Pelican
	Pelecanus philippensis
	Fish
	Jan–May
	GF, FS
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	0
	1
	0
	Campbell et al. (2006) after Seng et al. (2002)

	Greater Adjutant
	Leptoptilos dubius
	Omnivore, scavenger
	Dec–May
	GF, FS
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	0
	1
	0
	Campbell et al. (2006) after Seng et al. (2002)

	Darter
	Anhinga melanogaster
	Fish
	Sept–Nov
	GF, FS
	GF, FS
	GF, FS
	GF, FS
	GF, FS
	0
	1
	0
	Campbell et al. (2006) after Seng et al. (2002)

	Masked Finfoot
	Heliopais personata
	Insects, amphibians, benthic invertebrates, fish
	Nov – Jan
	GF, FS
	GF, FS
	GF, FS
	GF, FS
	GF, FS
	0
	1
	0
	Campbell et al. (2006) after Seng et al. (2002)

	Black–headed Ibis
	Threskiornis melanocephalus
	Fish, frogs
	Oct–Jan
	GF, FS
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	0
	1
	0
	Campbell et al. (2006) after Seng et al. (2002)

	Milky Stork
	Mycteria cineria
	Fish, amphibians, insects
	Oct–Dec
	GF, FS
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	0
	1
	0
	Campbell et al. (2006) after Seng et al. (2002)

	Painted Stork
	Mycteria leucocephala
	Fish, benthic invertebrates
	Sept–Nov
	GF, FS
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	0
	1
	0
	Campbell et al. (2006) after Seng et al. (2002)

	Lesser Adjutant
	Leptoptilos javanicus
	omnivorous: fish, mammals, herpetofauna
	Nov–Jan
	GF, FS
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	0
	1
	0
	Campbell et al. (2006) after Seng et al. (2002)

	Bengal Florican
	Houbaropsis bengalensis
	Invertebrates, 
	Jan–May
	FG, LG
	FG, LG
	FG, LG
	FG, LG
	FG, LG
	0
	1
	0
	Gray et al. (2009);Davidson (2006)

	Manchurian Reed Warbler
	Acrocephalus tangorum
	Seeds and nuts
	
	FS, FG
	
	migrating
	migrating
	FG, LG, AF, TR
	0
	1
	1
	Davidson (2006)

	Greater Spotted Eagle
	Aquila clanga
	Carnivorous:herpetofanua, small mammals
	
	GF
	migrating
	migrating
	FG
	migrating
	0
	1
	1
	Campbell et al. (2006) after Seng et al. (2002)

	Sarus Crane
	Grus antigone
	 invertebrates, eggs
	Jul–Oct
	GF
	migrating
	migrating
	FG
	migrating
	0
	1
	1
	Campbell et al. (2006) after Seng et al. (2002)

	White–shouldered Ibis
	Pseidibis davisoni
	 grains, invertebrates
	Feb–Jul
	FG, LG
	FG, LG
	FG, LG
	FG, LG
	FG, LG
	0
	1
	0
	Campbell et al. (2006) after Seng et al. (2002); Davidson et al. (2006)

	Black–necked Stork
	Ephippiorhynchus asiaticus
	Carnivorous: small birds, fish
	Oct–Jan
	GF
	migrating
	migrating
	FG
	migrating
	0
	1
	0
	Campbell et al. (2006) after Seng et al. (2002)

	Asian Golden Weaver
	Ploceus hypoxanthus
	Seeds and nuts
	
	FG, LG
	FG, LG
	FG, LG
	FG, LG
	FG, LG
	0
	1
	0
	Campbell et al. (2006) after Seng et al. (2002); Davidson et al. (2006)

	Hairy–nosed Otter
	Lutra sumatrana
	Fish, water snakes
	Nov–Feb
	GF, FS
	GF
	GF
	GF
	 FG, FS
	0
	1
	1
	Davidson (2006); Campbell et al. (2006); 

	Smooth Otter
	Lutrogale perspicillata
	Fish, water snakes
	
	GF, FS
	GF
	GF
	GF
	 FG, FS
	0
	1
	1
	Davidson (2006)

	Loris sp
	Nycticebus coucang
	omnivorous: small mammals, leaves, fruit
	?
	GF
	?
	?
	?
	?
	0
	1
	0
	Campbell et al. (2006) after Seng et al. (2002)

	Loris sp
	Nycticebus bengalensis
	omnivorous: small mammals, leaves, fruit
	?
	GF
	?
	?
	?
	?
	0
	1
	0
	Campbell et al. (2006) after Goes & Hong (2002); Davidson (2006)

	Long–tailed Macaque
	Macaca fascicularis
	Frigivorous: fruit, leaves
	Jun–Sept
	GF
	GF
	GF
	GF
	GF
	0
	1
	0
	Campbell et al. (2006) and Davidson (2006) after Goes & Hong (2002)

	Silvered Langus
	Semnopithicus cristatus
	herbivore: leaves, fruit
	None
	GF
	GF
	GF
	GF
	GF
	0
	1
	0
	Campbell et al. (2006) and Davidson (2006) after Goes & Hong (2002)

	Flying Foxes
	Pteropus sp.
	Fruit, seeds, blossoms
	Feb–Apr
	GF
	
	GF, FS
	
	
	0
	1
	0
	Campbell et al. (2009) after Goes & Hong (2002)

	Small Asia Mongoose
	Herpetes javanicus
	small mammals, amphibians
	?
	?
	GF, FS, FG, LG, AF, TR
	GF, FS, FG, LG, AF, TR
	GF, FS, FG, LG, AF, TR
	GF, FS, FG, LG, AF, TR
	0
	0
	1
	Campbell et al. (2006) and Davidson (2006) after Goes & Hong (2002)

	Asiatic Jackal
	Canis aureus
	Small mammals, amphibians, fish
	 None
	FG, FS, AF
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	GF, FS, FG
	1
	1
	1
	Campbell et al. (2006) and Davidson (2006)

	Zooplankton
	Protozoans and rotifers
	?
	?
	?
	?
	OW, GF, FG, FS
	
	OW
	0
	0
	1
	Ohtaka et al. (2010)

	Zoobenthos
	Macrozoobenthos, mollusks, oligochaetes, chironomids
	?
	?
	?
	?
	OW, FG, FS
	OW, FG, FS
	OW
	0
	0
	1
	Ohtaka et al. 2010)

	Freshwater Cladocera
	Crustacea (21 species)
	?
	?
	?
	 FG, FS
	 FG, FS
	 FG, FS
	–
	0
	0
	1
	Tanaka & Ohtaka (2009)

	Freshwater Cladocera
	Pseudosida bidentata
	?
	?
	?
	OW, FG, FS
	OW, FG, FS
	OW, FG, FS
	–
	0
	0
	1
	Tanaka & Ohtaka (2009)

	Freshwater Cladocera
	Diaphanosoma excisum
	?
	?
	?
	–
	OW, GF
	OW
	 FG, FS (ponds)
	0
	0
	1
	Tanaka & Ohtaka (2009)

	Freshwater Cladocera
	Ceriodaphnia laticaudata, Bosmina meridionalis, Bosminopsis deitersi
	?
	?
	?
	OW, FG, FS
	GF, OW, FG, FS
	OW, FG, FS
	–
	0
	0
	1
	Tanaka & Ohtaka (2009)

	Freshwater Cladocera
	Moina micrura
	?
	?
	?
	–
	OW, GF
	OW
	OW, FG, FS (ponds)
	0
	0
	1
	Tanaka & Ohtaka (2009)

	Freshwater Cladocera
	Ilyocryptus spinifer, Macrothrix flabelligera, Macrothrix spinosa, Karualona karua
	?
	?
	?
	 FG, FS
	 FG, FS
	 FG, FS
	 FG, FS (ponds)
	0
	0
	1
	Tanaka & Ohtaka (2009)

	Freshwater Cladocera
	Camptocercus rectirostris, Oxyurella singalensis
	?
	?
	?
	 FG, FS
	GF, FG, FS
	 FG, FS
	–
	0
	0
	1
	Tanaka & Ohtaka (2009)

	Freshwater Cladocera
	Diaphanosoma sp., Bosmina fatalis, Alona costata, Nicsminovius eximius
	?
	?
	?
	–
	OW
	OW
	–
	0
	0
	1
	Tanaka & Ohtaka (2009)

	Freshwater Cladocera
	Euryalona orientalis, Chydorus eurynotus
	?
	?
	?
	 FG, FS
	GF, FG, FS
	 FG, FS
	 FG, FS (ponds)
	0
	0
	1
	Tanaka & Ohtaka (2009)

	Freshwater Cladocera
	Disparalona caudata, Pseudochydorus globosus
	?
	?
	?
	–
	GF
	–
	–
	
	
	
	Tanaka & Ohtaka (2009)


Table S2. Habitat area in baseline and climate change A1b scenarios by representative fauna. OW = open water, GF = gallery forest, FG = seasonally flooded grasslands, FS = seasonally flooded shrublands, LG = lowland grasslands, AF = abandoned fields, TR = transitional zone rice (floating and recession rice), VC = village crops, LS = lowland shrublands, and R = rainfed/irrigated rice.
	Common name/Group
	Species
	Habitats used
	Baseline area used

a
	Potential habitat area long term

b
	Change in potential habitat long term (%)

(b – a)/a

	Hairy–nosed otter
	Lutra sumatrana
	GF, FS
	4578
	6981
	+53

	Long–tailed macaque
	Macaca fascicularis
	GF
	657
	505
	–23

	Cyprinids
	Henicorhynchus spp., Cirrhinus microlepis, Osteochilus spp., Cyclocheilichthys enoplos, Dangila spp.
	OW, GF, FG, FS, T
	12653
	11408
	–10

	Snakeheads
	Channa striata, Channa micropeltes, Channa lucius
	OW, GF, FG, FS, TR, AF
	12653
	11408
	–10

	Water snakes
	E. enhydris, E. Longicaude, H. buccata, E. Bocourti, E. Tentaculatus, X. Piscator, C. Ruffus 
	GF, FG, FS
	5443
	7078
	+30

	Grey–headed fish–eagle
	Ichthyophaga ichthyaetus
	GF, FG, FS
	5443
	7078
	+30

	Bengal florican
	Houbaropsis bengalensis
	LG, FG
	866
	97
	–89
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Figure S1 (a) Simulated baseline land use/land cover (LULC); (b) areas with projected LULC changes in the definite future scenario and changes in future habitat cover as a result of the A1b emission scenario simulated with the ECHAM global circulation model and downscaled to simulate the regional hydrology by Lauri et al. (2012). 
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