Multi-trophic marker analysis of a Marquesan food web highlights how reef ecosystems might respond to a warmer and nutrient-rich ocean future
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[bookmark: _GoBack]Supplementary table S1. Bulk isotopic compositions (δ13C and δ15N values) of organic matter (OM) sources, invertebrates and fish (mean ± SD). Data from cold and warm seasons are pooled. Trophic codes C: Carnivores, Cor: Corallivores, D: Detritivores, F: Filter-feeders, H: Herbivores, HD: Herbivores-Detritivores, HO: Herbivores-Omnivores, O: Omnivores, P: Piscivores, PkC: Planktivores-Carnivores, Z: Zooplankton.
	 
	 
	 
	Code
	n
	δ13C ‰
	δ15N ‰
	Trophic code

	 
	 
	 
	
	
	
	
	

	OM Pools
	Particulate organic matter
	POM
	38
	-22.5 ± 0.8
	12.1 ± 1.1
	

	
	Sedimentary organic matter
	SOM
	30
	-19.1 ± 0.9
	14.4 ± 0.5
	

	Primary producers
	Detrital terrestrial plants
	DTP
	16
	-29.5 ± 1.7
	1.9 ± 2.3
	

	
	Phytoplankton
	Phyto
	49
	-20.5 ± 0.6
	15.0 ± 1.8
	

	
	Macroalgae
	Algae
	41
	-16.4 ± 1.9
	11.6 ± 0.9
	

	
	Algal turf
	Turf
	32
	-23.9 ± 1.7
	 12.9 ± 0.6
	

	
	 
	 
	 
	 
	 
	

	Invertebrates
	Ascidiidae
	Ascidie sp.
	Asc
	17
	- 18.6 ± 0.6
	15.0  ± 1.0
	F

	
	Clionaidae
	Spheciospongia sp.
	Spsp
	44
	- 17.9 ± 0.5
	15.9 ± 0.6
	F

	
	Pteriidae
	Pinctada margaritifera
	Pima
	24
	- 16.9 ± 0.3
	14.7 ± 0.5
	F

	
	Conidae
	Conus conco
	Coco
	9
	- 14.7 ± 0.9
	20.4 ± 0.9
	P

	
	Cypraeidae
	Mauritia spp.
	Maspp
	13
	- 16.0 ± 1.0
	16.3 ± 0.8
	HO

	
	Muricidae
	Chicoreus ramosus
	Chra
	16
	- 14.3 ± 0.6
	18.2 ± 0.6
	C

	
	
	Mancinella armigera
	Maar
	13
	- 14.3 ± 1.1
	18.7 ± 1.1
	C

	
	Phyllidiidae
	Phyllidia cf madangensis
	Phspp
	5
	- 16.4 ± 1.1
	13.6 ± 0.5
	HO

	
	
	Phyllidia varicosa
	
	3
	- 15.1 ± 0.2
	13.3 ± 0.6
	

	
	Diadematidae
	Echinothrix diadema
	Ecdi
	17
	- 14.8 ± 1.7
	16.3 ± 1.5
	HO

	
	Holothuridae
	Holothuria sp.
	Hosp
	6
	- 15.2 ± 0.6
	18.5 ± 0.9
	D

	
	Diogenidae
	Ciliopagurus vakovako
	Civak
	30
	- 17.8 ± 1.7
	15.3 ± 0.8
	HO

	
	
	Dardanus sanguinocarpus
	Dasa
	17
	- 15.8 ± 1.9
	14.4 ± 0.9
	HO

	
	Zooplankton
	300-500 µm
	Zoo-300
	21
	- 19.9 ± 0.6
	13.9 ± 1.6
	Z

	
	
	1000-2000 µm
	Zoo-1000
	28
	- 19.3 ± 0.6
	15.9 ± 1.7
	Z

	
	 
	

	Fish
	Acanthuridae
	Acanthurus lineatus
	Acli
	14
	- 15.3 ± 1.5
	15.7 ± 1.6
	H

	
	
	Acanthurus nigricans
	Acni
	25
	- 18.6 ± 2.4
	16.5  ± 1.0
	H

	
	
	Acanthurus reversus
	Acre
	11
	- 17.2 ± 1.9
	16.1 ± 0.7
	H

	
	
	Ctenochaetus flavicauda
	Ctfl
	11
	- 16.2 ± 1.3
	17.4 ± 2.0
	HD

	
	
	Ctenochaetus marginatus
	Ctma
	38
	- 14.0 ± 1.2
	18.5 ± 1.4
	HD

	
	Apogonidae
	Apogon lativittatus
	Apla
	19
	- 17.0 ± 0.3
	18.3 ± 1.3
	PkC

	
	
	Ostorhincus relativus
	Osre
	33
	- 17.0 ± 0.5
	18.6 ± 1.2
	PkC

	
	Blenniidae
	Cirripectes variolosus
	Civa
	20
	- 15.6 ± 1.4
	16.2 ± 1.1
	H

	
	Chaetodontidae
	Chaetodon ornatissimus
	Chor
	10
	- 12.5 ± 1.0
	18.6 ± 0.6
	Cor

	
	
	Chaetodon trichrous
	Chtr
	15
	- 16.8 ± 1.0
	18.7 ± 1.1
	PkC

	
	Cirrhitidae
	Cirrhitichthys oxycephalus
	Ciox
	33
	- 16.8 ± 0.5
	19.1 ± 1.0
	C

	
	Holocentridae
	Myripristis berndti
	Mybe
	15
	- 16.7 ± 0.3
	18.3 ± 0.8
	PkC

	
	
	Sargocentron tiere
	Sati
	22
	- 16.1 ± 0.4
	19.4 ± 0.6
	C

	
	Labridae
	Halichoeres claudia 
	Hacl
	23
	- 17.0 ± 0.6
	18.7 ± 1.3
	C

	
	Lutjanidae
	Lutjanus bohar
	Lubo
	6
	- 15.9 ± 0.4
	18.7 ± 2.7
	P

	
	
	Lutjanus gibbus
	Lugi
	10
	- 16.5 ± 0.9
	19.3 ± 0.8
	C

	
	
	Lutjanus kasmira
	Luka
	20
	- 16.4 ± 0.6
	19.0  ± 0.8
	C

	
	Muraenidae
	Enchelycore pardalis
	Enpa
	4
	- 15.9 ± 0.5
	19.4 ± 0.6
	C

	
	Pomacanthidae
	Centropyge flavissima
	Cefl
	23
	- 18.4 ± 1.0
	18.8 ± 0.7
	O

	
	Pomacentridae
	Chromis abrupta
	Chab
	43
	- 17.4 ± 0.4
	19.1 ± 0.9
	PkC

	
	
	Lepidozygus tapeinosoma
	Leta
	15
	- 17.4 ± 0.3
	17.9 ± 0.9
	PkC

	
	
	Pomacentrus coelestis
	Poco
	19
	- 17.7 ± 0.4
	17.0 ± 0.6
	O

	
	Scarinae
	Scarus koputea
	Scar
	21
	- 16.1 ± 1.5
	17.8 ± 1.6
	HD

	
	
	Scarus rubroviolaceus
	
	
	
	
	HD

	
	Scorpaenidae
	Pterois antennata
	Ptan
	13
	-16.3 ± 0.5
	18.7 ± 1.5
	C

	
	
	Scorpaenopsis possi
	Scpo
	18
	- 16.3 ± 0.4
	18.7 ± 1.4
	C

	
	Serranidae
	Cephalopholis argus 
	Cear
	10
	- 15.3 ± 0.4
	20.0 ± 0.4
	P

	
	
	Epinephelus fasciatus
	Epfa
	25
	- 16.3 ± 0.7
	19.4 ± 1.1
	C

	
	Tetraodontidae
	Canthigaster janthinoptera
	Caja
	13
	- 16.8 ± 0.5
	17.6 ± 1.0
	O

	
	 
	 
	 
	 
	 
	 
	




















Supplementary table S2. Compositions in fatty acids trophic markers of primary consumers, expressed in % (± SD) of the sum of fatty acids in mg.g-1. Only fatty acids with an average proportion greater than 1 % for at least one sample group are presented. 
	Fatty acids (%)
	Invertebrates
	Fish

	
	Zooplankton
	Herbivore
	Filter-feeders
	Acanthuridae
	Scarinae

	
	
	Mauritia spp.
	Pinctada margaritifera
	Ascidiidae
	Spheciospongia sp. 
	Acanthurus nigricans
	Ctenochaetus marginatus
	

	
	n = 23
	n = 4
	n = 12
	n = 14
	n = 24
	n = 16
	n = 23
	n = 17

	Saturated 
	 
	 
	 
	 
	 
	 
	 
	 

	12:0
	0.34 ± 0.76
	0.05 ± 0.02
	0.11 ± 0.06
	0.06 ± 0.06
	1.38 ± 1.99
	0.03 ± 0.02
	0.06 ± 0.04
	0.03 ± 0.02

	14:0
	12.07 ± 1.14
	2.51 ± 0.25
	1.25 ± 0.62
	5.84 ± 2.18
	1.96 ± 0.90
	2.53 ± 0.88
	4.36 ± 2.85
	0.40 ± 0.11

	15:0
	1.09 ± 0.23
	0.77 ± 0.13
	15.88 ± 1.51
	0.95 ± 0.17
	1.88 ± 0.64
	0.62 ± 0.09
	0.53 ± 0.20
	0.34 ± 0.06

	16:0
	21.67 ± 1.41
	15.88 ± 1.51
	17.54 ± 2.16
	21.66 ± 3.84
	11.67 ± 2.40
	41.28 ± 5.00
	23.87 ± 2.20
	21.39 ± 1.27

	17:0
	1.22 ± 0.24
	1.81 ± 0.20
	1.42 ± 0.22
	1.39 ± 0.22
	3.08 ± 1.30
	0.80 ± 0.15
	0.69 ± 0.11
	0.79 ± 0.09

	18:0
	5.89 ± 0.55
	8.85 ± 0.84
	8.15 ± 0.82
	8.49 ± 1.81
	7.12 ± 2.23
	7.25 ± 1.40
	9.46 ± 1.52
	10.83 ± 0.65

	20:0
	0.43 ± 0.07
	0.05 ± 0.04
	0.05 ± 0.04
	0.44 ± 0.13
	1.93 ± 0.75
	0.17 ± 0.04
	0.18 ± 0.05
	0.07 ± 0.03

	21:0
	0.06 ± 0.13
	-
	0.02 ± 0.07
	0.03 ± 0.06
	1.14 ± 2.73
	0.01 ± 0.02
	0.01 ± 0.02
	-

	22:0
	0.31 ± 0.06
	0.11 ± 0.21
	0.09 ± 0.08
	0.25 ± 0.08
	2.45 ± 3.31
	0.14 ± 0.05
	0.19 ± 0.14
	0.16 ± 0.31

	24:0
	0.20 ± 0.12
	0.03 ± 0.04
	0.03 ± 0.04
	0.10 ± 0.03
	1.64 ± 0.67
	0.14 ± 0.05
	0.22 ± 0.07
	0.21 ± 0.12

	Σ SFAs
	43.58 ± 2.09
	31.05 ± 1.06
	29.02 ± 2.56
	39.95 ± 3.54
	35.97 ± 7.54
	53.16 ± 4.36
	40.02 ± 3.27
	34.58 ± 1.10

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Monounsaturated
	 
	 
	 
	 
	 
	 
	 

	16:1ω7
	8.48 ± 1.21
	0.81 ± 0.11
	1.49 ± 0.60
	6.75 ± 1.65
	1.58 ± 1.23
	4.07 ± 1.71
	6.05 ± 1.86
	1.26 ± 0.23

	16:1ω5
	0.21 ± 0.04
	2.73 ± 1.84
	0.39 ± 0.86
	0.25 ± 0.06
	0.12 ± 0.16
	0.20 ± 0.12
	0.38 ± 0.07
	0.19 ± 0.03

	18:1ω9
	3.96 ± 0.72
	3.39 ± 0.38
	10.72 ± 2.80
	11.20 ± 2.60
	3.99 ± 2.19
	10.69 ± 1.43
	6.57 ± 1.10
	9.37 ± 1.18

	18:1ω7
	2.33 ± 0.27
	0.91 ± 0.11
	1.87 ± 0.29
	2.92 ± 0.58
	3.75 ± 1.40
	1.98 ± 0.28
	2.12 ± 0.46
	2.53 ± 0.30

	20:1ω11
	0.22 ± 0.13
	7.79 ± 0.94
	10.29 ± 2.08
	0.09 ± 0.04
	0.39 ± 0.23
	0.05 ± 0.03
	0.09 ± 0.06
	0.06 ± 0.01

	20:1ω9
	0.32 ± 0.10
	0.44 ± 0.07
	1.82 ± 0.35
	0.17 ± 0.10
	0.34 ± 0.27
	1.96 ± 0.82
	0.27 ± 0.13
	0.13 ± 0.06

	22:1ω11
	0.07 ± 0.10
	0.43 ± 0.15
	0.20 ± 0.07
	0.01 ± 0.02
	3.23 ± 3.72
	0.002 ± 0.006
	0.005 ± 0.01
	0.004 ± 0.02

	22:1ω9
	0.24 ± 0.16
	0.46 ± 0.19
	0.29 ± 0.13
	0.05 ± 0.03
	4.07 ± 3.77
	0.17 ± 0.07
	0.05 ± 0.04
	0.03 ± 0.03

	Σ MUFAs
	16.44 ± 1.51
	15.09 ± 1.61
	27.32 ± 2.02
	21.99 ± 1.19
	18.04 ± 7.30
	19.67 ± 3.90
	15.98 ± 1.60
	13.88 ± 1.06

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Polyunsaturated
	 
	 
	 
	 
	 
	 
	 

	16:2ω4
	0.87 ± 0.22
	0.02 ± 0.02
	0.06 ± 0.04
	0.31 ± 0.11
	0.69 ± 0.90
	0.05 ± 0.03
	0.45 ± 0.25
	0.04 ± 0.02

	16:3ω4
	0.66 ± 0.36
	0.02 ± 0.03
	0.10 ± 0.13
	0.07 ± 0.05
	0.12 ± 0.22
	0.06 ± 0.03
	1.45 ± 0.84
	0.04 ± 0.02

	18:2ω6
	1.95 ± 0.47
	3.38 ± 0.17
	3.16 ± 0.73
	2.59 ± 0.19
	1.35 ± 0.52
	0.89 ± 0.25
	1.54 ± 0.16
	2.23 ± 0.48

	18:3ω3
	0.73 ± 0.27
	1.71 ± 0.23
	0.58 ± 0.12
	0.63 ± 0.13
	3.68 ± 2.49
	0.33 ± 0.12
	0.93 ± 0.35
	0.45 ± 0.25

	18:4ω3
	1.02 ± 0.16
	0.33 ± 0.14
	0.57 ± 0.19
	1.20 ± 0.49
	0.20 ± 0.20
	0.14 ± 0.07
	1.72 ± 0.81
	0.24 ± 0.12

	20:2ω6
	0.23 ± 0.05
	1.07 ± 0.15
	0.32 ± 0.07
	0.27 ± 0.05
	1.97 ± 0.53
	0.14 ± 0.04
	0.21 ± 0.05
	0.39 ± 0.10

	20:3ω6
	0.32 ± 0.08
	0.11 ± 0.08
	0.19 ± 0.06
	0.41 ± 0.08
	1.87 ± 1.00
	1.04 ± 0.28
	0.59 ± 0.11
	0.93 ± 0.14

	20:4ω6
	2.98 ± 0.33
	13.24 ± 0.98
	7.95 ± 1.28
	7.21 ± 3.44
	24.47 ± 8.12
	7.13 ± 3.04
	11.14 ± 3.70
	22.28 ± 2.20

	20:4ω3
	0.35 ± 0.06
	0.02 ± 0.03
	0.08 ± 0.03
	0.30 ± 0.07
	1.07 ± 0.48
	0.25 ± 0.07
	0.24 ± 0.07
	0.20 ± 0.09

	20:5ω3
	12.03 ± 1.89
	1.97 ± 0.20
	2.89 ± 0.66
	10.89 ± 1.26
	2.87 ± 1.26
	6.31 ± 1.68
	6.04 ± 1.11
	7.23 ± 1.20

	22:2ω9
	0.004 ± 0.01
	6.80 ± 4.56
	4.93 ± 2.78
	0.01 ± 0.01
	0.19 ± 0.21
	0.02 ± 0.05
	0.06 ± 0.11
	0.05 ± 0.06

	22:2ω6
	0.01 ± 0.03
	1.26 ± 0.88
	1.11 ± 0.63
	0.01 ± 0.01
	0.29 ± 0.76
	0.05 ± 0.11
	0.02 ± 0.03
	0.01 ± 0.01

	22:4ω6
	0.17 ± 0.08
	9.39 ± 0.75
	1.76 ± 0.48
	0.30 ± 0.10
	0.34 ± 0.58
	1.90 ± 0.37
	1.35 ± 0.16
	1.46 ± 0.19

	22:5ω6
	0.96 ± 0.18
	0.92 ± 0.38
	3.07 ± 0.62
	1.68 ± 0.63
	0.23 ± 0.30
	0.77 ± 0.33
	2.37 ± 0.72
	3.07 ± 0.72

	22:5ω3
	0.77 ± 0.31
	9.07 ± 1.30
	0.99 ± 0.27
	0.41 ± 0.07
	0.17 ± 0.29
	3.03 ± 0.92
	2.63 ± 0.62
	2.40 ± 0.31

	22:6ω3
	14.66 ± 2.41
	0.97 ± 0.43
	13.67 ± 1.15
	8.05 ± 1.29
	0.83 ± 0.79
	4.37 ± 1.87
	11.03 ± 2.99
	9.60 ± 1.70

	Σ PUFAs
	38.65 ± 2.43
	52.15 ± 2.45
	42.72 ± 2.36
	35.50 ± 3.48
	43.06 ± 7.20
	26.93 ± 7.94
	43.24 ± 4.82
	51.20 ± 1.76

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Branched
	 
	 
	 
	 
	 
	 
	 
	 

	17:0iso
	0.34 ± 0.04
	0.34 ± 0.09
	0.16 ± 0.07
	0.67 ± 0.22
	1.55 ± 0.75
	0.07 ± 0.02
	0.12 ± 0.03
	0.12 ± 0.03

	Σ BrFAs
	1.17 ± 0.13
	1.17 ± 0.19
	0.56 ± 0.28
	2.46 ± 0.49
	2.89 ± 0.81
	0.24 ± 0.06
	0.64 ± 0.28
	0.33 ± 0.10

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Σ FA (mg.g-1)
	26.13 ± 16.42
	3.73 ± 1.85
	2.68 ± 0.74
	17.29 ± 7.54
	0.31 ± 0.10
	26.03 ± 18.82
	8.93 ± 3.55
	6.80 ± 2.14




Supplementary table S3. Bulk isotopic compositions (δ13C and δ15N values) of secondary consumers used for amino acids analyses (mean ± SD). Cold season in white, warm season in light grey.

	 
	 
	Code
	n
	δ13C ‰
	δ15N ‰

	 
	 
	
	
	
	

	Invertebrate
	 
	 
	 
	 
	 

	Conidae
	Conus conco
	Coco
	6
	- 15.2 ± 0.5
	20.9 ± 0.7

	
	
	
	3
	- 13.7 ± 0.6
	19.4 ± 0.4

	Fish
	 
	 
	 
	 

	Lutjanidae
	Lutjanus bohar
	Lubo
	2
	- 15.6 ± 0.6
	21.9 ± 0.5

	
	
	
	4
	- 16.0 ± 0.1
	17.1 ± 1.4

	
	Lutjanus gibbus
	Lugi
	4
	- 15.5 ± 0.4
	20.1 ± 0.5

	
	
	
	6
	- 17.1 ± 0.6
	18.7 ± 0.4

	
	Lutjanus kasmira
	Luka
	3
	- 15.9 ± 0.1
	20.3 ± 0.7

	
	
	
	17
	- 16.5 ± 0.6
	18.8 ± 0.6

	Muraenidae
	Enchelycore pardalis
	Enpa
	2
	- 15.6 ± 0.2
	20.0 ± 0.2

	
	
	
	2
	- 16.2 ± 0.6
	18.9 ± 0.2

	Scorpaenidae
	Scorpaenopsis possi
	Scpo
	10
	- 16.0 ± 0.4
	19.8 ± 0.9

	
	
	
	8
	- 16.6 ± 0.3
	17.3 ± 0.3

	Serranidae
	Cephalopholis argus 
	Cear
	4
	- 15.2 ± 0.3
	20.6 ± 0.1

	
	
	
	6
	- 15.3 ± 0.5
	20.1 ± 0.3

	
	Epinephelus fasciatus
	Epfa
	10
	- 15.8 ± 0.3
	20.3 ± 0.5

	
	
	
	15
	- 16.6 ± 0.7
	18.7 ± 0.9





