Impacts of regime shift on the fishery ecosystem in the coastal area of Kyoto Prefecture, Sea of Japan, assessed using the Ecopath model
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Online Resource 1.
Benthos species from sampling
Sampling of the benthic community was conducted in 2013 and 2014 at Tango Bay as a representative of the CAK (Table S1-1) and as part of the Japan Long Term Ecological Research Network (JaLTER) cruise onboard the R.V. Ryokuyo-maru (Kyoto University, 8 t). Organisms were collected at depths of 5, 10, 30, 60, 100, 150, and 200 m using a NRIFE II type beam trawl net (height: 20 cm, width: 2 m, mesh size: 5 mm; Kimoto et al. 2001). The research vessel was supposed to trawl three times at each location, with each passage lasting for five minutes at a speed of two knots. However, for some sites, it was not possible to sample three times due to sea conditions (Table S1-1). The towing distance was calculated based on the recorded latitude and longitude positions using a global positioning system (GPS) plotter (HE-61GPII; Honda Electronics Co., Ltd., Aichi, Japan). The towing distance was then used to calculate the sampled surface area (i.e., SSA (km2) = towing distance × beam trawl net width). The organisms were transported to the laboratory on ice and identified for the species level, weighed, and fixed with 70% ethanol. The bottom water temperature and salinity were measured using a conductivity, temperature, and depth profiler (Compact-CTD ASTD687; JFE Advantech Co., Ltd., Nishinomiya, Japan) immediately after net towing.

Benthos species selection for Ecopath
Nine functional groups were selected for the benthic community (Table S1-2). Species selection was mainly based on species dominance in the CAK (i.e., high biomass in benthic sampling). Species were also selected if there were known prey for fishery-targeted fish species in the CAK. Species smaller than 5 mm were not selected in the present study because the net mesh size was 5 mm. Although jellyfish species (e.g., Aurelia coerulea and Nemopilema nomurai) were collected in the CAK, they were not selected in this study because the net substantially affected their structural integrity and no exploitable data on these species in the CAK were available in the literature. The data on the benthic community can help characterize the spatio-temporal variability of coastal biological productivity across depths and seasons (Yokoyama and Hayashi 1980b) and for building an ecosystem-based model.

Biomass estimation
For the benthic community, the CAK was divided into seven depth bins (i.e., 0–5, 5–10, 10–30, 30–60, 60–100, 100–150, and 150–240 m). The annual biomass of each benthic functional group (B in t/km2 /year) was estimated as follows:
                    						                         
where Wx is the average benthic functional group wet weight in tons collected at depth bin x over the seven temporal samplings, SSA is the sampling surface area (in km2, including replicates), Ax is the area (in km2) of the bin at depth x, the CAK is the area (in km2) of the whole model, and Ceff is the catch efficiency of the beam trawl net for the relevant functional groups (Table S1-2). The catch efficiency of this beam trawl net for tongue soles, dragonets, gobies, and shrimps was assumed to be 30%; that for starfish, brittle stars, polychaetes, hermit crabs, and mysids was assumed to be 100% (Yamamoto and Makino 2002; Yoshida et al. 2005). 
Table S1-1 Location of sample collection and the number of sampling replicates 
	Sampling depth (m)
	Latitude(N)
	Longitude(E)
	Date 

	
	
	
	2013
	2014

	
	
	
	 Jun. 28
	 Aug. 12
	 Oct. 30
	 Nov. 29
	 Mar. 24
	 Jun. 10
	 Sep. 11

	5
	35.521
	135.288
	3
	3
	2
	1
	2
	2
	2

	10
	35.524
	135.290
	2
	2
	2
	2
	2
	2
	2

	30
	35.544
	135.297
	2
	1
	2
	1
	2
	2
	2

	60
	35.611
	135.324
	-
	-
	-
	-
	2
	2
	2

	100
	35.740
	135.379
	-
	-
	-
	-
	2
	2
	2

	150
	35.827
	135.413
	-
	-
	-
	-
	2
	2
	-

	200
	35.899
	135.427
	-
	-
	-
	-
	2
	2
	-



Table S1-2 Mean wet weight (t/km2 /year) of functional group from benthic sampling and literature. Ceff is the catch efficiency of the beam trawl net for the functional groups
	
	
	
	
	
	
	
	
	

	 
	5 m 
	10 m
	30 m
	60 m
	100 m
	150 m
	200 m
	Ceff  (%)

	Tongue soles
	0.0236
	0.0236
	0.0157
	0
	0
	0
	0
	30

	Dragonets
	0.0077
	0.0055
	0.0192
	0
	0
	0
	0
	30

	Gobbies
	0
	0.0001
	0.0334
	0.0021
	0.0006
	0
	0
	30

	Shrimps
	0.0287
	0.0337
	0.0888
	0.0105
	0.0091
	0.0244
	0.1721
	30

	Starfishes
	0.0477
	0.1188
	0.004
	0.0172
	0.0236
	0.0143
	0.3599
	100

	Brittle stars
	0
	0
	0.0002
	0.0006
	0.0006
	3.6492
	81.1458
	100

	Polychaetes
	5
	5
	5
	5
	13.5
	10.7
	8.9
	100

	Hermit crabs
	0.0448
	0.0495
	0.0217
	0
	0
	0.0002
	0.1026
	100

	Mysids
	0.1359
	0.1383
	0
	0
	0
	0
	0
	100

	area size (km2)
	60
	60
	100
	300
	300
	250
	153
	 



Online Resource 2.
Fig. S2 Annual catch data by fishing methods in Kyoto Prefecture from 1956 to 2015 (SDBSWeb: https://www.maff.go.jp/j/tokei/kouhyou/kaimen_gyosei/ “Accessed 17 June 2022”).

Online Resource 3.
Table S3 Functional group and representative species
	 
	 
	 

	#
	Functional group
	Representative taxa

	1
	Sardine
	Sardinops melanostictus

	2
	Round herring
	Etrumeus micropus

	3
	Anchovy
	Engraulis japonicus

	4
	Mackerel
	Scomber japonicus, Scomber austlasicus

	5
	Jack mackerel
	Trachurus japonicus

	6
	Amberjack
	Seriola quinqueradiata

	7
	Frigate tuna
	Auxis rochei, Auxis thazard

	8
	Tuna
	Thunnus thynnus 

	9
	Sailfish
	Istiophorus platypterus, Makaira mazara 

	10
	Spanish mackerel
	Scomberomorus niphonius

	11
	Stingray
	Dasyatis akajei, Rhinobatos schlegelii, Raja kenojei

	12
	Flounder
	Paralichthys olivaceus

	13
	Black porgy
	Acanthopagrus schlegelii

	14
	Red seabream
	Pagrus major, Evynnis tumifrons, Dentex hypselosomus

	15
	Tilefish
	Branchiostegus japonicus, Branchiostegus albus, Branchiostegus auratus

	16
	Seabass
	Lateolabrax japonicus

	17
	Flying fish
	Cypselurus doederleini, Cypselurus hiraii

	18
	Rockfish
	Sebastes inermis, Sebastes ventricosus, Sebastes cheni

	19
	Barracuda
	[bookmark: _Hlk38732703]Sphyraena japonica, Sphyraena pinguis

	20
	Flying squid
	Todarodes pacificus

	21
	Other squids
	Thysanoteuthis rhombus, Sepioteuthis lessoniana, Uroteuthis edulis

	22
	Octopus
	Octopus vulgaris

	23
	Ivory shell
	Babylonia japonica

	24
	Sea cucumber
	Apostichopus armata, Apostichopus japonicus

	25
	Other conch
	Buccinum striatissimum, Buccinum tsubai

	26
	Crab
	Portunus trituberculatus, Portunus pelagicus

	27
	Prawn
	Metapenaeus ensis

	28
	Bivalve
	Crassostrea gigas, Crossostrea nippona

	29
	Sole
	Paraplagusia japonica, Heteromycteris japonica, Cynoglossus interruptus

	30
	Dragonet
	Repomucenus valenciennei, Repomucenus richardsonii

	31
	Goby 
	Amblychaeturichthys sciistius, Acentrogobius pflaumii, Acentrogobius virgatulus

	32
	Shrimp
	Crangon affinis, Metapenaeopsis barbata, Trachysalambria curvirostris, Parapenaeopsis tenella, Metapenaeopsis acclivis

	33
	Starfish
	Astropecten latespinosus, Astropecten scoparius, Ctenodiscus crispatus, Luidia quinaria, Asterias amurensis

	34
	Brittle star
	Ophiura sarsii

	35
	Polychaeta
	29 species from Yokoyama and Hayashi (1980a)

	36
	Hermit crab
	Pagurus filholi, Pagurus rubrior, 

	37
	Mysid
	Orientomysis japonica, Neomysis Awatschensis

	38
	Zooplankton
	

	39
	Phytoplankton
	

	40
	Detritus
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Table S4 Catch (t/km2/year) and fishing gear for each functional group in 1985 and 2013
	 
	 
	 
	 
	1985
	 
	 
	 
	 
	 

	 
	Group name
	set net
	purse seining
	trawl net
	gill net
	dredge net
	angling
	others
	Total

	1
	Sardine
	7.718
	8.046
	0.00002
	0.0001
	
	0.0001
	0.000002
	15.764

	2
	Round herring
	0.096
	0.019
	
	0.00001
	
	0.00001
	
	0.115

	3
	Anchovy
	1.963
	
	
	
	
	
	0.00001
	1.963

	4
	Mackerel
	0.148
	1.069
	0.00003
	0.0002
	
	0.0002
	0.00001
	1.217

	5
	Jack mackerel
	0.343
	0.094
	0.003
	0.001
	
	0.001
	0.000004
	0.440

	6
	Yellowtail
	0.163
	0.078
	0.000
	0.022
	
	0.022
	0.00001
	0.286

	7
	Frigate tuna
	0.169
	0.0001
	0.000002
	0.0001
	
	0.0001
	0.000001
	0.169

	8
	Tuna
	0.065
	
	
	0.000001
	
	0.000001
	
	0.065

	9
	Sailfish
	0.013
	
	
	
	
	
	
	0.013

	10
	Spanish mackerel
	0.026
	
	
	0.006
	
	0.006
	
	0.038

	11
	Stingray
	0.003
	
	0.001
	0.0002
	
	0.0002
	
	0.004

	12
	Flounder
	0.010
	0.000003
	0.0001
	0.008
	
	0.008
	0.00004
	0.026

	13
	Black porgy
	0.003
	0.00001
	0.001
	0.0002
	
	0.0002
	0.00001
	0.004

	14
	Red seabream
	0.010
	0.00003
	0.005
	0.001
	
	0.001
	0.00005
	0.017

	15
	Tilefish
	0.0001
	
	0.0003
	0.0004
	
	0.0004
	0.00001
	0.001

	16
	Seabass
	0.004
	
	0.00001
	0.002
	
	0.002
	0.00003
	0.007

	17
	Flying fish
	0.485
	0.00002
	
	0.004
	
	0.004
	0.002
	0.495

	18
	Rockfish
	0.002
	0.000001
	0.007
	0.006
	0.000001
	0.006
	0.002
	0.022

	19
	Barracuda
	0.346
	0.0002
	0.001
	0.006
	
	0.006
	0.000001
	0.358

	20
	Flying squid
	0.012
	0.001
	0.001
	0.0001
	
	0.0001
	
	0.014

	21
	Other squids
	0.196
	0.0001
	0.023
	0.004
	0.000001
	0.004
	0.0001
	0.228

	22
	Octopus
	0.004
	
	0.018
	0.002
	0.0002
	0.002
	0.012
	0.039

	23
	Ivory shell
	
	
	
	
	
	
	
	

	24
	Sea cucumber
	
	
	
	0.0003
	0.041
	0.041
	0.004
	0.087

	25
	Other conch
	0.00003
	
	
	0.005
	
	0.005
	0.004
	0.014

	26
	Crab
	0.0002
	
	0.038
	0.005
	0.00002
	0.005
	0.0001
	0.049

	27
	Prawn
	0.001
	
	0.009
	0.003
	0.000002
	0.003
	0.00003
	0.016

	28
	Bivalve
	 
	 
	 
	 
	0.006
	0.006
	 
	0.011

	 
	Sum
	11.778
	9.307
	0.107
	0.076
	0.047
	0.123
	0.024
	21.461



2013
	 
	Group name
	set net
	trawl net
	gill net
	dredge net
	angling
	other
	Total

	1
	Sardine
	0.280
	
	
	
	
	0.006
	0.286

	2
	Round herring
	0.002
	
	
	
	
	
	0.002

	3
	Anchovy
	1.015
	
	
	
	
	0.001
	1.016

	4
	Mackerel
	0.054
	
	0.0003
	
	0.0001
	
	0.055

	5
	Jack mackerel
	0.316
	0.00001
	0.001
	
	0.002
	0.0001
	0.320

	6
	Yellowtail
	0.477
	
	0.048
	
	0.021
	
	0.546

	7
	Frigate tuna
	0.043
	
	
	
	0.000
	
	0.043

	8
	Tuna
	0.022
	
	
	
	0.000
	
	0.022

	9
	Sailfish
	0.008
	
	
	
	
	
	0.008

	10
	Spanish mackerel
	0.750
	
	0.002
	
	0.015
	
	0.767

	11
	Stingray
	0.000003
	
	0.000002
	
	
	
	0.000

	12
	Flounder
	0.012
	0.001
	0.002
	
	0.0002
	0.0002
	0.015

	13
	Black porgy
	0.007
	0.002
	0.000
	
	0.002
	
	0.011

	14
	Red seabream
	0.016
	0.005
	0.001
	
	0.010
	0.001
	0.032

	15
	Tilefish
	0.00002
	0.0001
	0.001
	
	0.009
	0.0004
	0.011

	16
	Seabass
	0.049
	0.001
	0.002
	
	0.001
	0.0002
	0.054

	17
	Flying fish
	0.097
	
	0.0004
	
	
	0.001
	0.098

	18
	Rockfish
	0.004
	0.001
	0.006
	
	0.007
	0.002
	0.019

	19
	Barracuda
	0.191
	0.0001
	0.0001
	
	0.001
	0.00001
	0.192

	20
	Flying squid
	0.021
	0.001
	0.000002
	
	0.003
	0.040
	0.064

	21
	Other squids
	0.163
	0.002
	0.005
	
	0.048
	0.001
	0.220

	22
	Octopus
	0.005
	0.005
	
	0.0001
	
	0.023
	0.033

	23
	Ivory shell
	
	
	
	0.00001
	
	
	0.000

	24
	Sea cucumber
	
	
	0.002
	0.037
	
	0.011
	0.050

	25
	Other conch
	
	
	0.023
	
	
	0.002
	0.025

	26
	Crab
	0.00003
	
	0.002
	0.00001
	
	0.00003
	0.002

	27
	Prawn
	0.001
	0.003
	0.0001
	
	
	0.0001
	0.004

	28
	Bivalve
	 
	 
	 
	 
	 
	0.104
	0.104

	 
	Sum
	3.533
	0.021
	0.096
	0.037
	0.119
	0.193
	3.999
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　P/B is defined to be similar to total mortality (Z) (Allen 1971). In addition, Z is defined to be the same as fishing mortality (F) and natural mortality (M) (Pauly 1980). F was calculated from the catch and biomass (F = Catch / B). Q/B ratios and M were calculated using the life history tool of FishBase (https://www.fishbase.de, “Accessed 3 April 2021”) (Palomares and Pauly 1989; Pauly 1989; Palomares 1991). For invertebrates, M and Q were calculated from the SeaLifeBase (http://www.sealifebase.org, “Accessed 3 April 2021”). The Q/B ratios for fish functional groups were estimated using the empirical ratios of Palomares and Pauly (1998): 
 
where T’ is the mean annual habitat temperature for the population expressed as T’ = 1000/TK (TK = T°C + 273.15); A is the aspect ratio of the fish tail, a proxy of the swimming and metabolic activity of the fish expressed as A = hCF2/s, where hCF is the height of the caudal fin, and s is the surface area of the caudal fin. The parameters h and d are defined by the type of food consumed by a fish functional group: for detritivores, h = 0 and d = 1; for herbivores and omnivores, h = 1 and d = 0; and for carnivores, h = 0 and d = 0 (Table S3). 
Table S5 Several values for each functional group for calculating Q/B. Winf (g) is the asymptotic weight and A indicates the aspect ratio of the caudal fin. The types of food consumed was categorized, i.e., h for herbivores (H) (h = 1 and d = 0); d for detritivores (D) (h = 0 and d = 1); and carnivores (C) are identified by default (h = 0 and d = 0) (Palomares 1991)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Group name
	Winf(g)
	temperature(℃)
	A
	food type
	h
	d
	Q/B

	1
	Sardine
	343
	12
	2.5
	C
	0
	0
	5.80

	2
	Round herring
	245
	20
	4
	C
	0
	0
	12.75

	3
	Anchovy
	45
	15
	3
	C
	0
	0
	11.39

	4
	Mackerel
	990
	17
	2.5
	C
	0
	0
	6.14

	5
	Jack mackerel
	2480
	20
	2.5
	C
	0
	0
	5.97

	6
	Yellowtail
	40000
	15
	5.8
	C
	0
	0
	4.87

	7
	Frigate tuna
	20000
	15
	5.8
	C
	0
	0
	5.61

	8
	Tuna
	348000
	20
	9.8
	C
	0
	0
	8.79

	9
	Sailfish
	425000
	20
	9.8
	C
	0
	0
	8.44

	10
	Spanish mackerel
	12000
	15
	5.8
	C
	0
	0
	6.22

	11
	Stingray
	26000
	15
	0.7
	D
	0
	1
	5.01

	12
	Flounder
	14500
	15
	0.7
	C
	0
	0
	2.26

	13
	Black porgy
	1580
	15
	0.7
	C
	0
	0
	3.55

	14
	Red seabream
	11300
	15
	0.7
	C
	0
	0
	2.38

	15
	Tilefish
	2250
	18
	0.7
	C
	0
	0
	3.88

	16
	Seabass
	2878
	15
	2.5
	C
	0
	0
	4.43

	17
	Flying fish
	500
	15
	0.7
	C
	0
	0
	4.49

	18
	Rockfish
	1120
	15
	0.7
	C
	0
	0
	3.81

	19
	Barracuda
	500
	15
	0.7
	C
	0
	0
	4.49

	29
	Dragonet
	120
	15
	0.6
	D
	0
	1
	14.73

	30
	Tongue sole
	150
	15
	0.6
	D
	0
	1
	14.08

	31
	Goby 
	10
	15
	0.6
	D
	0
	1
	24.46
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Table S6-1 Biomass data sources for each functional group in the 1985 and the 2013 models for the CAK.
[image: ]
[image: ]
Yi catch (t / km2 /year), Bi biomass (t / km2). 
Table S6-2 Data sources for other parameters of each functional group in both the 1985 and the 2013 models for the CAK. The numbers indicate the reference used. 1: FishBase (https://www.fishbase.de); Yamada et al. (2007). 2: SeaLifeBase (https://www.sealifebase.ca/); Brey (2001). 3: Watari (2015). 4: Allen (1971); Pauly (1980). 5: Vignot (2007). Empty cells indicate that values were calculated by Ecopath.
	

	
	Group name
	P/B
	Q/B
	EE
	P/Q

	1
	Sardine
	3
	1
	
	

	2
	Round herring
	3
	1
	
	

	3
	Anchovy
	3
	1
	
	

	4
	Mackerel
	3
	1
	
	

	5
	Jack mackerel
	3
	1
	
	

	6
	Yellowtail
	3
	1
	
	

	7
	Frigate tuna
	3
	1
	
	

	8
	Tuna
	3
	1
	
	

	9
	Sailfish
	3
	1
	
	

	10
	Spanish mackerel
	3
	1
	
	

	11
	Stingray
	3
	1
	
	

	12
	Flounder
	3
	1
	
	

	13
	Black porgy
	3
	1
	
	

	14
	Red seabream
	3
	1
	
	

	15
	Tilefish
	3
	1
	
	

	16
	Seabass
	3
	1
	
	

	17
	Flying fish
	3
	1
	
	

	18
	Rockfish
	3
	1
	
	

	19
	Barracuda
	3
	1
	
	

	20
	Flying Squid
	3
	2
	
	

	21
	Cuttlefish
	3
	2
	
	

	22
	Octopus
	3
	2
	
	

	23
	Ivory shell
	3
	2
	
	

	24
	Sea cucumber
	3
	2
	
	

	25
	Other conch
	3
	2
	
	

	26
	Crab
	2
	
	
	3

	27
	Prawn
	2
	
	
	3

	28
	Bivalve
	2
	
	
	3

	29
	Dragonet
	3
	1
	
	

	30
	Tongue sole
	3
	1
	
	

	31
	Goby
	3
	1
	
	

	32
	Shrimp
	2
	
	
	3

	33
	Starfish
	2
	
	
	3

	34
	Brittle star
	2
	
	
	3

	35
	Polychaeta
	2
	
	
	3

	36
	Hermit crab
	2
	
	
	3

	37
	Mysid
	2
	
	
	3

	38
	Zooplankton
	3
	
	
	3

	39
	Phytoplankton
	3
	
	5
	

	40
	Detritus
	
	
	
	


P/B production/biomass (/year), Q/B consumption/biomass (/year), EE ecotrophic efficiency, P/Q production/consumption.
Online Resource 7.
Table S7 References of diet composition for functional groups
	
	 
	 

	 
	Functional group
	Reference

	1
	Sardine
	Baba et al. (2018)

	2
	Round herring
	Baba et al. (2018)

	3
	Anchovy
	Baba et al. (2018)

	4
	Mackerel
	Takahashi (1966); Moriwaki and Miyabe (2012)

	5
	Jack mackerel
	Kawano (2007)

	6
	Yellowtail
	Mitani (1958)

	7
	Frigate tuna
	Iizuka et al. (1989)

	8
	Tuna
	Shimose et al. (2013)

	9
	Sailfish
	Shimose et al. (2006)

	10
	Spanish mackerel
	Kawano (2017)

	11
	Stingray
	Taniuchi and Shimizu (1993)

	12
	Flounder
	Takeno (2010)

	13
	Black porgy
	Yamada et al. (2007)

	14
	Red seabream
	Yamada et al. (2007)

	15
	Tilefish
	Kiyono and Hayashi (1977)

	16
	Seabass
	Hayashi and Kiyono (1978); Fuji et al. (2010)

	17
	Flying fish
	Kawano (1988); Kawano (2004)

	18
	Rockfish
	Akeda et al. (2012)

	19
	Barracuda
	Yamada et al. (2007)

	20
	Flying squid
	Okiyama (1965)

	21
	Other squids
	Moriwaki (1994); Nigmatullin and Arkhipkin (1998); Tega et al. (2016)

	22
	Octopus
	Vaz-Pires et al. (2004)

	23
	Ivory shell
	Kajikawa (1976)

	24
	Sea cucumber
	Kitano et al. (2003)

	25
	Other conch
	Shiomi et al. (1984)

	26
	Crab
	Matsui et al. (1986)

	27
	Prawn
	Ariyama (1997)

	28
	Bivalve
	Hayakawa, Y et al. (2012)

	29
	Tongue sole
	Yamada et al. (2007)

	30
	Dragonet
	Kakuda et al. (1979)

	31
	Goby 
	Matsui et al. (2014)

	32
	Shrimp
	Oh et al. (2001)

	33
	Starfish
	Kurihara (1996)

	34
	Brittle star
	Fujita (2018) 

	35
	Polychaeta
	Fauchald and Jumars (1979); Yokoyama and Hayashi (1980); Hayashi (1983a); Hayashi (1983b)

	36
	Hermit crab
	Ramsay et al. (1996)

	37
	Mysid
	Antonio et al. (2010)





Online Resource 8
Table S8-1 Data quality ratings (“pedigree”) for CAK models parameters in both 1985 and 2013. Ratings scale from 1 (highest data quality) to 8 (lowest data quality). See table S8-2 for a detailed explanation of the ratings (source: Aydin et al. 2007, Table C-27)
	　
	Functional group
	B
	P/B
	Q/B
	DC
	Y

	1
	Sardine
	3
	7
	6
	6
	2

	2
	Round herring
	3
	7
	6
	6
	2

	3
	Anchovy
	3
	7
	6
	6
	2

	4
	Mackerel
	3
	7
	6
	6
	2

	5
	Jack mackerel
	3
	7
	6
	6
	2

	6
	Yellowtail
	3
	7
	6
	6
	2

	7
	Frigate tuna
	3
	7
	6
	6
	2

	8
	Tuna
	3
	7
	6
	6
	2

	9
	Sailfish
	3
	7
	6
	6
	2

	10
	Spanish mackerel
	3
	7
	6
	6
	2

	11
	Stingray
	3
	7
	6
	6
	2

	12
	Flounder
	3
	7
	6
	6
	2

	13
	Black porgy
	3
	7
	6
	6
	2

	14
	Red seabream
	3
	7
	6
	6
	2

	15
	Tilefish
	3
	7
	6
	6
	2

	16
	Seabass
	3
	7
	6
	6
	2

	17
	Flying fish
	3
	7
	6
	6
	2

	18
	Rockfish
	3
	7
	6
	6
	2

	19
	Barracuda
	3
	7
	6
	6
	2

	20
	Flying squid
	3
	7
	7
	6
	2

	21
	Other squids
	3
	7
	7
	6
	2

	22
	Octopus
	3
	7
	7
	6
	2

	23
	Ivory shell
	3
	7
	8
	6
	2

	24
	Sea cucumber
	3
	7
	8
	6
	2

	25
	Other conch
	3
	7
	8
	6
	2

	26
	Crab
	3
	7
	8
	6
	

	27
	Prawn
	3
	7
	8
	6
	

	28
	Bivalve
	3
	7
	8
	6
	

	29
	Dragonet
	2
	7
	6
	6
	

	30
	Tongue sole
	2
	7
	6
	6
	

	31
	Goby 
	2
	7
	6
	6
	

	32
	Shrimp
	2
	7
	8
	6
	

	33
	Starfish
	2
	7
	8
	6
	

	34
	Brittle star
	2
	7
	8
	6
	

	35
	Polychaeta
	2
	7
	8
	6
	

	36
	Hermit crab
	2
	7
	8
	6
	

	37
	Mysid
	2
	7
	8
	6
	

	38
	Zooplankton
	2
	7
	8
	6
	

	39
	Phytoplankton
	8
	7
	
	
	

	40
	Detritus
	2
	　
	　
	　
	　





Table S8-2 Detailed explanation of the ratings for pedigrees in table S8-1 (source: Aydin et al. 2007, Table 6)
	　
	Parameter

	1
	Data is established and substantial, includes more than one independent method (from which best method is selected) with resolution on multiple spatial scales

	2
	Data is direct estimate but with limited coverage/corroboration, or established regional estimate is available while subregional resolution is poor 

	3
	Data is proxy, proxy may have known but consistent bias 

	4
	Direct estimate or proxy with high variation/limited confidence or incomplete coverage

	
	

	
	Biomass and catch

	　
	Parameter

	5
	Estimate requires inclusion of highly uncertain scaling factors or extrapolation

	6
	Historical and/or single study only, not overlapping in area or time

	7
	Requires selection between multiple incomplete sources with wide range

	8
	No estimate available (estimated by Ecopath)

	
	

	
	P/B, Q/B, and diet composition

	　
	Parameter

	5
	Estimation based on same species but in “historical” time period, or a general model specific to the area

	6
	For P/B or Q/B, general life-history proxies; For diets, same species in neighboring region, or similar species in same region

	7
	General literature review from wide range of species, or outside of region

	8
	Functional group represents multiple species with diverse life history traits



Online Resource 9.
Results of pre-balance diagnostics (PREBAL) in both 1985 model and 2013 model for CAK based on: Link (2010)
Table S9-1 Summary of the pre-balance diagnostics (PREBAL) in both 1985 model and 2013 model for CAK (source: Link 2010, Table 1-5)
[image: ]

Table S9-2 Biomass ratios corresponding to diagnostic criteria 4–6 in Table S9-1. TL: trophic level. Top predators include sailfish, Spanish mackerel, and tuna. Small pelagic fishes include anchovy, round herring, and sardine. Demersal fishes include dragonet, flounder, goby, rockfish, stingray, and tongue sole. Benthos include bivalve, brittle star, crab, hermit crab, ivory shell, mysid, octopus, other conch, other squid, polychaeta, prawn, sea cucumber, shrimp, and star fish. The same categories were used for table S9-3

	1985

	Predator / Prey 
	Biomass ratio

	Top predators / Small pelagic fishes 
	0.002

	Top predators / Zooplankton 
	0.016

	Small pelagic fishes / Zooplankton
	7.968

	Zooplankton / Phytoplankton 
	0.231

	Small pelagic fishes / Phytoplankton
	1.844

	Demersal fishes / Benthos
	0.004

	Small pelagic fishes / all fishes
	0.923

	Demersal fishes / all fishes
	0.001

	Top predators / all fishes
	0.002

	Top predators / Demersal fishes
	1.667

	Benthos / Zooplankton
	2.755

	TL4 / <TL3
	0.002




	2013

	Predator / Prey 
	Biomass ratio

	Top predators / Small pelagic fishes 
	0.744

	Top predators / Zooplankton 
	0.359

	Small pelagic fishes / Zooplankton
	0.483

	Zooplankton / Phytoplankton 
	0.207

	Small pelagic fishes / Phytoplankton
	0.100

	Demersal fishes / Benthos
	0.006

	Small pelagic fishes / all fishes
	0.328

	Demersal fishes / all fishes
	0.015

	Top predators / all fishes
	0.244

	Top predators / Demersal fishes
	16.629

	Benthos / Zooplankton
	3.887

	TL4 / <TL3
	0.038



Table S9-3 Vital rate ratios corresponding to diagnostic criteria 9 and 10 in Table S9-1
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Fig. S9-1 Pre-balance diagnostics (PREBAL) in the 1985 and 2013 models for the CAK based on Link (2010). Trophic decomposition (trend line) showing the level of decline in biomass (B) with increasing trophic level (log scale). The trophic levels increase from left to right. This figure corresponds to diagnostic criteria 1–3 in Table S9-1
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Fig. S9-2 Pre-balance diagnostics (PREBAL) in the 1985 and 2013 models for the CAK based on Link (2010). Trophic decomposition (trend line) showing the level of decline in production per biomass (P/B) with increasing trophic level (log scale). The trophic levels increase from left to right. This figure corresponds to diagnostic criteria 7 and 8 in Table S9-1
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Fig. S9-3 Pre-balance diagnostics (PREBAL) in the 1985 and 2013 models for the CAK based on Link (2010). Trophic decomposition (trend line) showing the level of decline in consumption per biomass (Q/B) with increasing trophic level (log scale). The trophic levels increase from left to right. This figure corresponds to diagnostic criteria 7 and 8 in Table S9-1


Fig. S9-4 Pre-balance diagnostics (PREBAL) in the 1985 and 2013 models for the CAK based on Link (2010). Trophic decomposition (trend line) showing the level of decline in respiration per biomass (R/B) with increasing trophic level (log scale). The trophic levels increase from left to right. This figure corresponds to diagnostic criteria 7 and 8 in Table S9-1



Fig. S9-5 Pre-balance diagnostics (PREBAL) in the 1985 and 2013 models for the CAK based on Link (2010). Vital rate ratio (log scale) compared with the primary producers. The trophic levels increase from left to right. This figure corresponds to diagnostic criterion 11 in Table S9-1



Fig. S9-6 Pre-balance diagnostics (PREBAL) in the 1985 and 2013 models for the CAK based on Link (2010). Trophic decomposition (trend line) showing the level of decline in production per consumption (P/Q) and production per respiration (P/R) with an increasing trophic level (log scale). The trophic levels increase from left to right. This figure corresponds to diagnostic criterion 12 in Table S9-1


Figure S9-7 Total production and removal, scaled to the full ecosystem, comparing internal flows in the 1985 and 2013 models for the CAK. The trophic level increases from left to right. This figure corresponds to diagnostic criteria 13–15 in Table S9-1


Figure S9-8 Flows relative to external removal in the 1985 and 2013 models for the CAK. The trophic level increases from left to right. This figure corresponds to diagnostic criteria 16 and 17 in Table S9-1
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R/B	Sea cucumber 2.0	Other conch 2.0	Bivalve 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Ivory shell 2.2	Starfish 2.2	Prawn 2.2	Shrimp 2.2	Crab 2.3	Goby 2.6	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.7	Stingray 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Jack mackerel 3.1	Other squid 3.2	Black porgy 3.3	Seabass 3.4	Tilefish 3.4	Octopus 3.5	Flounder 3.5	Mackerel 3.5	Rockfish 3.5	Red seabream 3.5	Barracuda 3.6	Flying Squid 3.6	Yellowtail 3.9	Spanish mackerel 4.0	Frigate tuna 4.0	Tuna 4.1	Sailfish 4.1	1.0666659999999999	2.5	8.3333329999999997	0.3333333	1.6666669999999999	77.016649999999998	75	2.5	0.28333330000000001	5	5	5	16.068000000000001	5	8.3040000000000003	8.8239990000000006	3.6179999999999999	3.95	6.6	6.1520000000000001	3.8	3.2559999999999998	16	2.14	2.8439999999999999	2.4039999999999999	16	1.248	4.2519999999999998	2.3479999999999999	1.494	2.9020000000000001	16	2.9660000000000002	4.0460000000000003	4.53	5.952	5.6719989999999996	


2013

R/B	Sea cucumber 2.0	Other conch 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Bivalve 2.2	Shrimp 2.2	Ivory shell 2.2	Starfish 2.2	Crab 2.3	Prawn 2.4	Octopus 2.4	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.8	Goby 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Stingray 3.0	Tilefish 3.0	Other squids 3.0	Rockfish 3.1	Flying squid 3.1	Barracuda 3.1	Jack mackerel 3.2	Mackerel 3.2	Black porgy 3.2	Red seabream 3.3	Seabass 3.3	Flounder 3.3	Spanish mackerel 3.5	Frigate tuna 3.8	Yellowtail 3.8	Sailfish 4.1	Tuna 4.1	1.066667	2.5	0.3333333	1.6666669999999999	77.016660000000002	74.999989999999997	5	5	2.5	0.28333330000000001	5	5	16	5	8.3040000000000003	8.8239990000000006	16.608000000000001	3.95	6.6	6.1520000000000001	3.8	3.6179999999999999	2.4039999999999999	16	2.3479999999999999	16	2.9020000000000001	2.7759999999999998	3.8319999999999999	2.14	1.494	2.8439999999999999	1.248	4.0460000000000003	4.53	2.9660000000000002	5.6719999999999997	5.952	


1985

B relative to PP	Sea cucumber 2.0	Other conch 2.0	Bivalve 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Ivory shell 2.2	Starfish 2.2	Prawn 2.2	Shrimp 2.2	Crab 2.3	Goby 2.6	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.7	Stingray 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Jack mackerel 3.1	Other squid 3.2	Black porgy 3.3	Seabass 3.4	Tilefish 3.4	Octopus 3.5	Flounder 3.5	Mackerel 3.5	Rockfish 3.5	Red seabream 3.5	Barracuda 3.6	Flying Squid 3.6	Yellowtail 3.9	Spanish mackerel 4.0	Frigate tuna 4.0	Tuna 4.1	Sailfish 4.1	5.4267566188461501E-3	8.8224087176446396E-4	7.5458949240241795E-4	0.46267368127484598	0.14704546702593199	0.23137964587190901	1.2324822470110401E-4	3.0850619449587899E-4	2.2215531065648301E-3	1.0081314520214301E-3	1.2340247779835201E-3	3.03848059465186E-3	8.3296672513887406E-6	6.2595906863213897E-4	9.5636920293722593E-6	5.70736459817377E-6	2.7668285501504601E-4	1.7726549981397099	3.6962898428037501E-3	6.7288980220433794E-2	2.5089173715519001E-2	2.24021618880085E-2	1.0282011682512599E-2	1.9316266976324601E-4	2.9716782058266999E-4	5.3149863671112698E-5	1.7287468540080799E-3	1.02677185905216E-3	6.5870129381327802E-2	9.5895402208780905E-4	7.4642934930490505E-4	1.8205444147113E-2	6.42622876474737E-4	1.05343018782474E-2	1.4045242741929E-3	5.22310242467359E-3	2.0053519654621098E-3	4.0105805284464298E-4	P relative to PP	Sea cucumber 2.0	Other conch 2.0	Bivalve 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Ivory shell 2.2	Starfish 2.2	Prawn 2.2	Shrimp 2.2	Crab 2.3	Goby 2.6	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.7	Stingray 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Jack mackerel 3.1	Other squid 3.2	Black porgy 3.3	Seabass 3.4	Tilefish 3.4	Octopus 3.5	Flounder 3.5	Mackerel 3.5	Rockfish 3.5	Red seabream 3.5	Barracuda 3.6	Flying Squid 3.6	Yellowtail 3.9	Spanish mackerel 4.0	Frigate tuna 4.0	Tuna 4.1	Sailfish 4.1	5.4090083103278903E-5	2.0609894216581501E-5	5.8759499486249702E-5	1.44112655746721E-3	2.2900711263967098E-3	0.16651695118736901	8.6375488421580306E-5	7.2069660760601003E-6	5.8817011075536604E-6	4.7101609656817897E-5	5.7655728608480803E-5	1.4196296190555299E-4	4.5403886279178603E-7	2.92458683366519E-5	4.4087413809284998E-7	2.6310230821670102E-7	1.68052193514823E-6	1.9048932389291399E-2	2.0723630951710801E-4	3.1019371040723301E-3	2.6960800286105201E-4	5.3031126101499803E-4	6.40524010746773E-4	2.1058070212470399E-6	3.2396429591631902E-6	5.7942539432765703E-7	1.0769330970304199E-4	8.9548705975581502E-6	6.7706409269080198E-4	1.0454256587158799E-5	4.7661740105125504E-6	1.9563551567525301E-4	4.0032572899843402E-5	1.5257593438358701E-4	2.0342743731496601E-5	8.7851590385414597E-5	3.3729639039076201E-5	6.7457202471922501E-6	



2013

B relative to PP	Sea cucumber 2.0	Other conch 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Bivalve 2.2	Shrimp 2.2	Ivory shell 2.2	Starfish 2.2	Crab 2.3	Prawn 2.4	Octopus 2.4	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.8	Goby 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Stingray 3.0	Tilefish 3.0	Other squids 3.0	Rockfish 3.1	Flying squid 3.1	Barracuda 3.1	Jack mackerel 3.2	Mackerel 3.2	Black porgy 3.2	Red seabream 3.3	Seabass 3.3	Flounder 3.3	Spanish mackerel 3.5	Frigate tuna 3.8	Yellowtail 3.8	Sailfish 4.1	Tuna 4.1	7.2512953737162104E-3	3.6300790409601802E-3	0.38835517828761201	0.31139226838290301	0.20740233915627901	4.7938342349276901E-4	1.51377550656774E-2	4.9477574176627001E-3	7.9672432594239803E-7	2.3675212213218198E-3	2.6769918820871401E-4	5.4663202833785899E-4	9.2594703044039106E-3	6.8684955134098796E-4	7.1272281497002999E-4	2.6353032991939101E-4	4.0257684933752401E-4	3.0460397556786201E-2	1.32538896847627E-4	6.9598345057623606E-2	8.9346361906390993E-3	7.1659646346939202E-7	1.2166513431261399E-3	6.1778243423350199E-2	1.82063510730042E-3	1.8129473226567501E-2	1.75133172257977E-2	2.9113529617196598E-2	4.4939204743883101E-3	1.1776062491536401E-3	3.4117364065941098E-3	4.96871859565097E-3	1.2827403479512801E-3	7.0803808790723205E-2	5.3097849715267199E-3	5.0424462072455399E-2	1.0334480817065399E-3	2.7083466968861099E-3	P relative to PP	Sea cucumber 2.0	Other conch 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Bivalve 2.2	Shrimp 2.2	Ivory shell 2.2	Starfish 2.2	Crab 2.3	Prawn 2.4	Octopus 2.4	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.8	Goby 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Stingray 3.0	Tilefish 3.0	Other squids 3.0	Rockfish 3.1	Flying squid 3.1	Barracuda 3.1	Jack mackerel 3.2	Mackerel 3.2	Black porgy 3.2	Red seabream 3.3	Seabass 3.3	Flounder 3.3	Spanish mackerel 3.5	Frigate tuna 3.8	Yellowtail 3.8	Sailfish 4.1	Tuna 4.1	7.2275798772440005E-5	8.4801721872609706E-5	1.2096407982794301E-3	4.8495914714671096E-3	0.14926120685892599	3.3596408748130601E-4	7.0726156668793404E-4	2.3116761023186599E-4	1.8612155254845001E-8	6.2681608413753103E-6	1.25073596733553E-5	2.55395745991836E-5	5.76824189652946E-4	3.2090774864086001E-5	3.2855622680443702E-5	1.2148415769528101E-5	1.8558284909501201E-5	3.2732711904971901E-4	7.4309302079342302E-6	3.2083959098359398E-3	9.6011508667512502E-5	4.3524781304012302E-9	1.32636028685298E-5	3.8485122830306901E-3	1.98480700063899E-5	1.12938627793599E-3	1.88197926893014E-4	9.0682228989866296E-4	7.5586888527322401E-5	1.28379438468704E-5	2.1784954472879399E-5	5.4167622129819E-5	1.1187269815491599E-5	1.0255029150501901E-3	8.9309574353665493E-5	7.3033405586954599E-4	1.73824003775591E-5	4.5553876851534099E-5	



1985

P/Q	Sea cucumber 2.0	Other conch 2.0	Bivalve 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Ivory shell 2.2	Starfish 2.2	Prawn 2.2	Shrimp 2.2	Crab 2.3	Goby 2.6	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.7	Stingray 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Jack mackerel 3.1	Other squid 3.2	Black porgy 3.3	Seabass 3.4	Tilefish 3.4	Octopus 3.5	Flounder 3.5	Mackerel 3.5	Rockfish 3.5	Red seabream 3.5	Barracuda 3.6	Flying Squid 3.6	Yellowtail 3.9	Spanish mackerel 4.0	Frigate tuna 4.0	Tuna 4.1	Sailfish 4.1	0.3	0.3	0.3	0.3	0.3	0.3	0.3	0.3	0.3	0.3	0.3	0.3	0.14309079999999999	0.3	0.21022730000000001	0.2009504	7.784431E-2	0.1189655	0.28235290000000002	0.25987710000000003	0.1536748	0.25460640000000001	0.16	0.1971831	0.1580136	0.1804124	0.16	0.2477876	0.1074919	0.183727	0.1722689	0.1536748	0.16	0.1909651	0.1495177	0.1925134	0.1228669	0.1279621	P/R	Sea cucumber 2.0	Other conch 2.0	Bivalve 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Ivory shell 2.2	Starfish 2.2	Prawn 2.2	Shrimp 2.2	Crab 2.3	Goby 2.6	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.7	Stingray 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Jack mackerel 3.1	Other squid 3.2	Black porgy 3.3	Seabass 3.4	Tilefish 3.4	Octopus 3.5	Flounder 3.5	Mackerel 3.5	Rockfish 3.5	Red seabream 3.5	Barracuda 3.6	Flying Squid 3.6	Yellowtail 3.9	Spanish mackerel 4.0	Frigate tuna 4.0	Tuna 4.1	Sailfish 4.1	0.60000010000000004	0.6	0.6	0.60000010000000004	0.6	0.6	0.6	0.6	0.6	0.6	0.6	0.6	0.2178243	0.6	0.35645470000000001	0.33544879999999999	0.1077943	0.17468349999999999	0.54545449999999995	0.48114430000000002	0.18157899999999999	0.46683049999999998	0.25	0.32710280000000003	0.2461322	0.29118139999999998	0.25	0.44871800000000001	0.1552211	0.2981261	0.27443099999999998	0.23776710000000001	0.25	0.31355359999999999	0.2298567	0.2384106	0.18145159999999999	0.19040899999999999	



2013

P/Q	Sea cucumber 2.0	Other conch 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Bivalve 2.2	Shrimp 2.2	Ivory shell 2.2	Starfish 2.2	Crab 2.3	Prawn 2.4	Octopus 2.4	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.8	Goby 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Stingray 3.0	Tilefish 3.0	Other squids 3.0	Rockfish 3.1	Flying squid 3.1	Barracuda 3.1	Jack mackerel 3.2	Mackerel 3.2	Black porgy 3.2	Red seabream 3.3	Seabass 3.3	Flounder 3.3	Spanish mackerel 3.5	Frigate tuna 3.8	Yellowtail 3.8	Sailfish 4.1	Tuna 4.1	0.3	0.3	0.3	0.3	0.3	0.3	0.3	0.3	0.3	0.3	0.3	0.3	0.16	0.3	0.21022730000000001	0.2009504	0.12101389999999999	0.1189655	0.28235290000000002	0.25987710000000003	0.1536748	7.784431E-2	0.1804124	0.16	0.183727	0.16	0.1536748	0.33500839999999998	0.17589579999999999	0.1971831	0.1722689	0.1580136	0.2477876	0.1495177	0.1925134	0.1909651	0.1279621	0.1228669	P/R	Sea cucumber 2.0	Other conch 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Bivalve 2.2	Shrimp 2.2	Ivory shell 2.2	Starfish 2.2	Crab 2.3	Prawn 2.4	Octopus 2.4	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.8	Goby 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Stingray 3.0	Tilefish 3.0	Other squids 3.0	Rockfish 3.1	Flying squid 3.1	Barracuda 3.1	Jack mackerel 3.2	Mackerel 3.2	Black porgy 3.2	Red seabream 3.3	Seabass 3.3	Flounder 3.3	Spanish mackerel 3.5	Frigate tuna 3.8	Yellowtail 3.8	Sailfish 4.1	Tuna 4.1	0.6	0.6	0.60000010000000004	0.6	0.6	0.6	0.6	0.6	0.6	0.6	0.6	0.6	0.25	0.6	0.35645470000000001	0.33544879999999999	0.17822740000000001	0.17468349999999999	0.54545460000000001	0.48114430000000002	0.18157889999999999	0.1077944	0.29118139999999998	0.25	0.2981261	0.25	0.23776710000000001	0.72046120000000002	0.28183720000000001	0.32710280000000003	0.27443099999999998	0.2461322	0.44871800000000001	0.2298567	0.2384106	0.31355359999999999	0.19040899999999999	0.18145159999999999	



1985

Scaled P	Sea cucumber 2.0	Other conch 2.0	Bivalve 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Ivory shell 2.2	Starfish 2.2	Prawn 2.2	Shrimp 2.2	Crab 2.3	Goby 2.6	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.7	Stingray 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Jack mackerel 3.1	Other squid 3.2	Black porgy 3.3	Seabass 3.4	Tilefish 3.4	Octopus 3.5	Flounder 3.5	Mackerel 3.5	Rockfish 3.5	Red seabream 3.5	Barracuda 3.6	Flying Squid 3.6	Yellowtail 3.9	Spanish mackerel 4.0	Frigate tuna 4.0	Tuna 4.1	Sailfish 4.1	0.22515750400000001	8.5791555000000005E-2	0.2445946	5.9988900000000003	9.5327400000000004	693.15	0.35954999999999998	0.03	2.4483399999999999E-2	0.19606701000000001	0.24	0.59094060000000004	1.89E-3	0.12174	1.8351999999999999E-3	1.0951999999999999E-3	6.9954066000000002E-3	79.293834000000004	0.86265000000000003	12.912245199999999	1.12228086	2.2074944799999998	2.6662704000000002	8.7657150000000003E-3	1.3485465E-2	2.4119389000000001E-3	0.44828839999999998	3.7275896000000003E-2	2.8183735799999998	4.3517299000000002E-2	1.9839863100000001E-2	0.81436008000000004	0.16664116000000001	0.63511857599999999	8.4679503899999994E-2	0.36569447999999999	0.14040432	2.8080000000000001E-2	Scaled Q	Sea cucumber 2.0	Other conch 2.0	Bivalve 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Ivory shell 2.2	Starfish 2.2	Prawn 2.2	Shrimp 2.2	Crab 2.3	Goby 2.6	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.7	Stingray 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Jack mackerel 3.1	Other squid 3.2	Black porgy 3.3	Seabass 3.4	Tilefish 3.4	Octopus 3.5	Flounder 3.5	Mackerel 3.5	Rockfish 3.5	Red seabream 3.5	Barracuda 3.6	Flying Squid 3.6	Yellowtail 3.9	Spanish mackerel 4.0	Frigate tuna 4.0	Tuna 4.1	Sailfish 4.1	0.75052489606380002	0.28597185000000003	0.8153154963964	19.99629800037	31.775796822419998	2310.4994999999999	1.1984999999999999	0.1	8.1611338133999997E-2	0.65355669999999999	0.8	1.9698020000000001	1.32084E-2	0.40579999999999999	8.7296000000000006E-3	5.4501000000000003E-3	8.9864069399999996E-2	666.52787999999998	3.0552187499999999	49.68597055	7.3029580599999999	8.6702250299999992	16.664190000000001	4.4454697500000001E-2	8.5343728499999993E-2	1.336903276E-2	2.8018025	0.150434866	26.219414820000001	0.23685844170000001	0.1151679858	5.2992416799999997	1.04150725	3.3258359839999998	0.5663510906	1.8995796599999999	1.14273516	0.21944	Total P+R	Sea cucumber 2.0	Other conch 2.0	Bivalve 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Ivory shell 2.2	Starfish 2.2	Prawn 2.2	Shrimp 2.2	Crab 2.3	Goby 2.6	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.7	Stingray 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Jack mackerel 3.1	Other squid 3.2	Black porgy 3.3	Seabass 3.4	Tilefish 3.4	Octopus 3.5	Flounder 3.5	Mackerel 3.5	Rockfish 3.5	Red seabream 3.5	Barracuda 3.6	Flying Squid 3.6	Yellowtail 3.9	Spanish mackerel 4.0	Frigate tuna 4.0	Tuna 4.1	Sailfish 4.1	0.60042000399999995	0.22877745499999999	0.65225219999999995	15.997038999999999	25.420639999999999	1848.4	0.95879999999999999	0.08	6.5289070000000005E-2	0.52284540999999995	0.64	1.5758414999999999	1.0566719E-2	0.32463999999999998	6.9836799999999999E-3	4.3600799999999997E-3	7.1891256599999995E-2	533.222534	2.444175	39.748775199999997	7.3029588600000004	6.9361784799999997	13.3313504	3.5563755000000002E-2	6.8274975000000002E-2	1.0695225900000001E-2	2.2414413999999998	0.120347886	20.97553358	0.18948669900000001	9.2134393100000003E-2	4.23939208	0.83320585999999996	2.660668576	0.4530808039	1.8995794800000001	0.91418792000000004	0.17555200000000001	Total consumptive removals	Sea cucumber 2.0	Other conch 2.0	Bivalve 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Ivory shell 2.2	Starfish 2.2	Prawn 2.2	Shrimp 2.2	Crab 2.3	Goby 2.6	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.7	Stingray 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Jack mackerel 3.1	Other squid 3.2	Black porgy 3.3	Seabass 3.4	Tilefish 3.4	Octopus 3.5	Flounder 3.5	Mackerel 3.5	Rockfish 3.5	Red seabream 3.5	Barracuda 3.6	Flying Squid 3.6	Yellowtail 3.9	Spanish mackerel 4.0	Frigate tuna 4.0	Tuna 4.1	Sailfish 4.1	0.24530389999999999	1.0273890000000001	3.5171499000000002	3.1665980000000001E-4	0.1188833	39.820740000000001	4.461805	0	3.0867030000000001E-3	0.84814000000000001	1.5236799999999999	0.34768159999999998	3.2445889999999998E-2	5.7425209999999997E-2	2.7530229999999999E-2	0.47353460000000003	0.24530389999999999	0.34876099999999999	2.7895979999999998	1.3597490000000001	0.310172805	0.85531049999999997	1.6365021	0.3529661	0.44673631000000003	0.35116979999999998	1.8490221	0.39274930000000002	0.51550530000000006	0.37	0.35296620000000001	0.55468209999999996	1.2078108999999999	0.55853470000000005	0.4173383	0.54022890999999995	0.50000009999999995	0.5	



2013

Scaled P	Sea cucumber 2.0	Other conch 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Bivalve 2.2	Shrimp 2.2	Ivory shell 2.2	Starfish 2.2	Crab 2.3	Prawn 2.4	Octopus 2.4	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.8	Goby 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Stingray 3.0	Tilefish 3.0	Other squids 3.0	Rockfish 3.1	Flying squid 3.1	Barracuda 3.1	Jack mackerel 3.2	Mackerel 3.2	Black porgy 3.2	Red seabream 3.3	Seabass 3.3	Flounder 3.3	Spanish mackerel 3.5	Frigate tuna 3.8	Yellowtail 3.8	Sailfish 4.1	Tuna 4.1	0.13022816000000001	0.15279765000000001	2.1795580000000001	8.7381030000000006	268.94220000000001	0.60534765000000001	1.2743598	0.41652299999999998	3.3535799999999998E-5	1.1294113200000001E-2	2.2536041999999999E-2	4.6017780000000001E-2	1.0393348	5.7821879999999999E-2	5.9200000000000003E-2	2.18892888E-2	3.34387352E-2	0.58978536599999998	1.3389217199999999E-2	5.7809599199999999	0.172995696	7.8423930000000005E-6	2.3898658E-2	6.9343360000000001	3.5762699000000002E-2	2.0349536000000001	0.33909925800000001	1.6339328	0.13619415600000001	2.3131696E-2	3.9252621000000001E-2	9.7600439999999997E-2	2.01574744E-2	1.84777422	0.16092000000000001	1.3159323300000001	3.1320000000000001E-2	8.208E-2	Scaled Q	Sea cucumber 2.0	Other conch 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Bivalve 2.2	Shrimp 2.2	Ivory shell 2.2	Starfish 2.2	Crab 2.3	Prawn 2.4	Octopus 2.4	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.8	Goby 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Stingray 3.0	Tilefish 3.0	Other squids 3.0	Rockfish 3.1	Flying squid 3.1	Barracuda 3.1	Jack mackerel 3.2	Mackerel 3.2	Black porgy 3.2	Red seabream 3.3	Seabass 3.3	Flounder 3.3	Spanish mackerel 3.5	Frigate tuna 3.8	Yellowtail 3.8	Sailfish 4.1	Tuna 4.1	0.4340937988395	0.50932549999999999	7.2651926068139998	29.127007087298999	896.47380599999997	2.0178254999999998	4.2478660000000001	1.3884099999999999	1.11786E-4	3.7647046214532E-2	7.5120140000000002E-2	0.15339259999999999	6.4958425000000002	0.19273960000000001	0.28160000000000002	0.1089287919	0.27632144019999999	4.95761612	4.7420144249999997E-2	22.24497753	1.125725616	1.00744587E-4	0.13246684719999999	43.339599999999997	0.19465126169999999	12.71846	2.2066024180000001	4.8772894080000002	0.77428899799999995	0.11731074399999999	0.22785667800000001	0.617671356	8.1349807400000002E-2	12.35823188	0.83589000000000002	6.89095747	0.24476000000000001	0.66803999999999997	Total P+R	Sea cucumber 2.0	Other conch 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Bivalve 2.2	Shrimp 2.2	Ivory shell 2.2	Starfish 2.2	Crab 2.3	Prawn 2.4	Octopus 2.4	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.8	Goby 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Stingray 3.0	Tilefish 3.0	Other squids 3.0	Rockfish 3.1	Flying squid 3.1	Barracuda 3.1	Jack mackerel 3.2	Mackerel 3.2	Black porgy 3.2	Red seabream 3.3	Seabass 3.3	Flounder 3.3	Spanish mackerel 3.5	Frigate tuna 3.8	Yellowtail 3.8	Sailfish 4.1	Tuna 4.1	0.34727506000000002	0.40746035000000003	5.8121539999999996	23.301603	717.17920000000004	1.6142596499999999	3.3982928000000001	1.1107282000000001	8.94288E-5	3.01176332E-2	6.0096112E-2	0.12271410000000001	5.1966738000000001	0.15419165000000001	0.22528000000000001	8.7143028799999994E-2	0.22105723520000001	3.966093366	3.7936117200000001E-2	17.795979920000001	1.125725496	8.0595673000000004E-5	0.105973478	34.671675999999998	0.155720999	10.174767599999999	1.765282258	3.9018318000000001	0.61943105600000004	9.3848596000000006E-2	0.182285321	0.49413704000000003	6.5079854399999998E-2	9.8865872199999991	0.83589000000000002	5.51276733	0.19580800000000001	0.53443200000000002	Total consumptive removals	Sea cucumber 2.0	Other conch 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Bivalve 2.2	Shrimp 2.2	Ivory shell 2.2	Starfish 2.2	Crab 2.3	Prawn 2.4	Octopus 2.4	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.8	Goby 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Stingray 3.0	Tilefish 3.0	Other squids 3.0	Rockfish 3.1	Flying squid 3.1	Barracuda 3.1	Jack mackerel 3.2	Mackerel 3.2	Black porgy 3.2	Red seabream 3.3	Seabass 3.3	Flounder 3.3	Spanish mackerel 3.5	Frigate tuna 3.8	Yellowtail 3.8	Sailfish 4.1	Tuna 4.1	0.24530389999999999	1.0142572000000001	1.560994E-3	9.7610500000000003E-2	11.213329999999999	20.021450000000002	1.9132909	2.1237750000000002	0.24530350000000001	1.7657719999999998E-2	2.0369728999999999	1.8932378999999999	0.1637873	0.45011499999999999	3.0883569999999999E-3	0.41769410000000001	0.54720899999999995	0.59488439999999998	3.0777948999999998	2.4437101000000001	0.39130429999999999	0.2453033	0.33192660000000002	1.0763701999999999	0.47972500000000001	2.2886434000000002	0.47949192000000002	1.7347722999999999	0.89100000000000001	0.33192670000000002	0.33192670000000002	0.47479247000000002	0.42703400000000002	0.77892749999999999	0.35141734000000002	0.3861579	0.28742839999999997	0.28767409999999999	



1985

P+R	Sea cucumber 2.0	Other conch 2.0	Bivalve 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Ivory shell 2.2	Starfish 2.2	Prawn 2.2	Shrimp 2.2	Crab 2.3	Goby 2.6	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.7	Stingray 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Jack mackerel 3.1	Other squid 3.2	Black porgy 3.3	Seabass 3.4	Tilefish 3.4	Octopus 3.5	Flounder 3.5	Mackerel 3.5	Rockfish 3.5	Red seabream 3.5	Barracuda 3.6	Flying Squid 3.6	Yellowtail 3.9	Spanish mackerel 4.0	Frigate tuna 4.0	Tuna 4.1	Sailfish 4.1	0.60042000399999995	0.22877745499999999	0.65225219999999995	15.997038999999999	25.420639999999999	0.95879999999999999	0.08	6.5289070000000005E-2	0.52284540999999995	0.64	1.5758414999999999	1.0566719E-2	0.32463999999999998	6.9836799999999999E-3	4.3600799999999997E-3	7.1891256599999995E-2	533.222534	2.444175	39.748775199999997	7.3029588600000004	6.9361784799999997	13.3313504	3.5563755000000002E-2	6.8274975000000002E-2	1.0695225900000001E-2	2.2414413999999998	0.120347886	20.97553358	0.18948669900000001	9.2134393100000003E-2	4.23939208	0.83320585999999996	2.660668576	0.4530808039	1.8995794800000001	0.91418792000000004	0.17555200000000001	Total consumptive removal	Sea cucumber 2.0	Other conch 2.0	Bivalve 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Ivory shell 2.2	Starfish 2.2	Prawn 2.2	Shrimp 2.2	Crab 2.3	Goby 2.6	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.7	Stingray 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Jack mackerel 3.1	Other squid 3.2	Black porgy 3.3	Seabass 3.4	Tilefish 3.4	Octopus 3.5	Flounder 3.5	Mackerel 3.5	Rockfish 3.5	Red seabream 3.5	Barracuda 3.6	Flying Squid 3.6	Yellowtail 3.9	Spanish mackerel 4.0	Frigate tuna 4.0	Tuna 4.1	Sailfish 4.1	0.24530389999999999	1.0273890000000001	3.5171499000000002	3.1665980000000001E-4	0.1188833	4.461805	0	3.0867030000000001E-3	0.84814000000000001	1.5236799999999999	0.34768159999999998	3.2445889999999998E-2	5.7425209999999997E-2	2.7530229999999999E-2	0.47353460000000003	0.24530389999999999	0.34876099999999999	2.7895979999999998	1.3597490000000001	0.310172805	0.85531049999999997	1.6365021	0.3529661	0.44673631000000003	0.35116979999999998	1.8490221	0.39274930000000002	0.51550530000000006	0.37	0.35296620000000001	0.55468209999999996	1.2078108999999999	0.55853470000000005	0.4173383	0.54022890999999995	0.50000009999999995	0.5	Sum of human removal	Sea cucumber 2.0	Other conch 2.0	Bivalve 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Ivory shell 2.2	Starfish 2.2	Prawn 2.2	Shrimp 2.2	Crab 2.3	Goby 2.6	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.7	Stingray 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Jack mackerel 3.1	Other squid 3.2	Black porgy 3.3	Seabass 3.4	Tilefish 3.4	Octopus 3.5	Flounder 3.5	Mackerel 3.5	Rockfish 3.5	Red seabream 3.5	Barracuda 3.6	Flying Squid 3.6	Yellowtail 3.9	Spanish mackerel 4.0	Frigate tuna 4.0	Tuna 4.1	Sailfish 4.1	8.6300021633540003E-2	1.4030002019043E-2	1.2000001859787999E-2	0	0	0	0	0	1.6032000738112999E-2	0	4.8320011282779997E-2	0	0	0	0	4.4000013360660003E-3	15.76421177592	0.11502	1.96301025	0.49501987061320002	0.44200400559219999	0.22720096625196001	4.420000338945E-3	8.0400014825849995E-3	1.2100001444645999E-3	3.8200010636410001E-2	2.6143003680129999E-2	1.2174400245635999	2.30020009E-2	1.7080002651041998E-2	0.35920101268959997	1.4199997333108999E-2	0.28501000731856002	3.8000000217709003E-2	0.16930300000000001	6.5002013000399997E-2	1.2999999999999999E-2	



2013

P+R	Sea cucumber 2.0	Other conch 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Bivalve 2.2	Shrimp 2.2	Ivory shell 2.2	Starfish 2.2	Crab 2.3	Prawn 2.4	Octopus 2.4	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.8	Goby 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Stingray 3.0	Tilefish 3.0	Other squids 3.0	Rockfish 3.1	Flying squid 3.1	Barracuda 3.1	Jack mackerel 3.2	Mackerel 3.2	Black porgy 3.2	Red seabream 3.3	Seabass 3.3	Flounder 3.3	Spanish mackerel 3.5	Frigate tuna 3.8	Yellowtail 3.8	Sailfish 4.1	Tuna 4.1	0.34727506000000002	0.40746035000000003	5.8121539999999996	23.301603	717.17920000000004	1.6142596499999999	3.3982928000000001	1.1107282000000001	8.94288E-5	3.01176332E-2	6.0096112E-2	0.12271410000000001	5.1966738000000001	0.15419165000000001	0.22528000000000001	8.7143028799999994E-2	0.22105723520000001	3.966093366	3.7936117200000001E-2	17.795979920000001	1.125725496	8.0595673000000004E-5	0.105973478	34.671675999999998	0.155720999	10.174767599999999	1.765282258	3.9018318000000001	0.61943105600000004	9.3848596000000006E-2	0.182285321	0.49413704000000003	6.5079854399999998E-2	9.8865872199999991	0.83589000000000002	5.51276733	0.19580800000000001	0.53443200000000002	Total consumptive removal	Sea cucumber 2.0	Other conch 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Bivalve 2.2	Shrimp 2.2	Ivory shell 2.2	Starfish 2.2	Crab 2.3	Prawn 2.4	Octopus 2.4	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.8	Goby 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Stingray 3.0	Tilefish 3.0	Other squids 3.0	Rockfish 3.1	Flying squid 3.1	Barracuda 3.1	Jack mackerel 3.2	Mackerel 3.2	Black porgy 3.2	Red seabream 3.3	Seabass 3.3	Flounder 3.3	Spanish mackerel 3.5	Frigate tuna 3.8	Yellowtail 3.8	Sailfish 4.1	Tuna 4.1	0.24530389999999999	1.0142572000000001	1.560994E-3	9.7610500000000003E-2	11.213329999999999	20.021450000000002	1.9132909	2.1237750000000002	0.24530350000000001	1.7657719999999998E-2	2.0369728999999999	1.8932378999999999	0.1637873	0.45011499999999999	3.0883569999999999E-3	0.41769410000000001	0.54720899999999995	0.59488439999999998	3.0777948999999998	2.4437101000000001	0.39130429999999999	0.2453033	0.33192660000000002	1.0763701999999999	0.47972500000000001	2.2886434000000002	0.47949192000000002	1.7347722999999999	0.89100000000000001	0.33192670000000002	0.33192670000000002	0.47479247000000002	0.42703400000000002	0.77892749999999999	0.35141734000000002	0.3861579	0.28742839999999997	0.28767409999999999	Sum of human removal	Sea cucumber 2.0	Other conch 2.0	Brittle star 2.0	Polychaeta 2.0	Zooplankton 2.0	Mysid 2.1	Bivalve 2.2	Shrimp 2.2	Ivory shell 2.2	Starfish 2.2	Crab 2.3	Prawn 2.4	Octopus 2.4	Hermit crab 2.6	Tongue sole 2.7	Dragonet 2.8	Goby 2.9	Sardine 3.0	Round herring 3.0	Anchovy 3.0	Flying fish 3.0	Stingray 3.0	Tilefish 3.0	Other squids 3.0	Rockfish 3.1	Flying squid 3.1	Barracuda 3.1	Jack mackerel 3.2	Mackerel 3.2	Black porgy 3.2	Red seabream 3.3	Seabass 3.3	Flounder 3.3	Spanish mackerel 3.5	Frigate tuna 3.8	Yellowtail 3.8	Sailfish 4.1	Tuna 4.1	4.9914805527849999E-2	2.4987896117380001E-2	0	0	0	0	0.10420180964774001	0	5.4842994102000001E-6	0	1.8427263310546E-3	3.7627803011139999E-3	3.2932726239979997E-2	0	0	0	0	0.28604214155983998	1.8224208580772999E-3	1.0155742353027	9.8107188009119994E-2	4.9327304687100002E-6	1.1332286135004E-2	0.21972379751359999	1.89031409E-2	6.4480252003359995E-2	0.19230584303208001	0.31968246527552002	5.472511961511E-2	1.0968610740975999E-2	3.1778031597270003E-2	5.3841701013600002E-2	1.537129807666E-2	0.7672393682466	4.3233184399999999E-2	0.54640609149990005	8.3354236000000009E-3	2.1863231600000001E-2	



set net	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	6398	6391	5326	7519	4747	7576	3359	4075	3720	3143	2873	3665	3896	4226	4014	3677	4314	7336	6285	6696	8028	9892	8573	12434	15567	12646	18749	24307	16439	26681	25570	27836	33850	37205	25913	25379	33999	29463	28926	17032	14195	14160	11674	15200	10799	9495	11474	13685	12526	9641	13334	11379	9847	13101	9061	9067	9426	9403	8900	9964	purse seine	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	7771	6870	4778	6157	3316	4921	4136	1901	8738	8433	4657	8588	10800	8899	11559	10246	12571	12997	16321	25444	21315	24450	24655	26506	26295	33634	36942	56351	65001	62834	58912	68310	68641	53318	53912	36764	18470	15846	11271	10266	7971	4741	4886	5802	6004	2185	0	0	0	0	0	0	0	0	0	0	0	0	0	0	bottom trawl	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	4002	2749	3920	4152	4204	3756	3599	3314	2671	3845	3039	7498	3245	5556	5727	5993	5928	6857	7560	7233	6910	7106	2760	2641	2170	2606	2669	2077	1995	1607	1561	1372	1394	1214	1098	1146	996	1041	1116	1010	1107	976	1017	1195	1019	910	206	212	107	843	1004	830	1181	817	709	603	754	485	488	604	others	1956	1957	1958	1959	1960	1961	1962	1963	1964	1965	1966	1967	1968	1969	1970	1971	1972	1973	1974	1975	1976	1977	1978	1979	1980	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2179	2292	2200	1798	2426	2523	2399	2345	2048	1887	3074	2952	3109	3023	4850	3215	2913	3030	3455	3174	2997	2756	2357	2520	2489	2592	2418	2524	1836	1778	1785	1892	2133	2222	1934	1902	2390	2095	1842	2080	1947	2020	1854	1497	1605	1523	1473	1722	1875	1845	1405	1536	1592	1426	1181	1197	1279	1072	1183	1013	Year


Anual catch (×1000 tons)


 



image1.emf
in 1985

Yi Bi

(t/km²/year) (t/km²/year)

1Sardine 0.286

0.14

2.085 Biomass in 1985 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Muko et al., (2021)

2Round herring 0.002

0.48

0.004 Biomass in 1985 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Yoda et al., (2021)

3Anchovy 1.016

0.45

2.257 Biomass is calculated using the amount of the catch of the group and the catch rate of anchovy, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Hino et al., (2021)

4Mackerel 0.055

0.29

0.192 Biomass in 1985 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Kuroda et al.,(2021)

5Jack mackerel 0.320

0.30

1.050 Biomass in 1985 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Yoda et al., (2021)

6Yellowtail 0.546

0.42

1.309 Biomass in 1994 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019). Kubota et al., (2019)

7Frigate tuna 0.043

0.44

0.098

Biomass is calculated using the amount of the catch of the group and the catch rate of bluefin tuna, as reported by the International Scientific Committee for Tuna and Tuna-like Species in the North

Pacific Ocean(2018).

ISC (2018)

8Tuna 0.022

0.44

0.049

Biomass is calculated using the amount of the catch of the group and the catch rate of bluefin tuna, as reported by the International Scientific Committee for Tuna and Tuna-like Species in the North

Pacific Ocean(2018).

ISC (2018)

9Sailfish 0.008

0.44

0.019

Biomass is calculated using the amount of the catch of the group and the catch rate of bluefin tuna, as reported by the International Scientific Committee for Tuna and Tuna-like Species in the North

Pacific Ocean(2018).

ISC (2018)

10Spanish mackerel 0.767

0.42

1.838 Biomass is calculated using the amount of the catch of the group and the catch rate of yellowtail, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019). Kubota et al., (2019)

11Stingray 0.000005

0.25

0.000 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

12Flounder 0.015

0.39

0.039 Biomass is calculated using the amount of the catch of the group and the catch rate of flounder, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019). Yagi et al., (2019)

13Black porgy 0.011

0.35

0.031 Biomass in1986 is calculated using the amount of the catch of the group and the catch rate of red seabream, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019).

Nakagawa M and

Yoshimura T(2019)

14Red seabream 0.032

0.35

0.090 Biomass in1986 is calculated using the amount of the catch of the group and the catch rate of red seabream, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019).

Nakagawa M and

Yoshimura T(2019)

15Tilefish 0.011

0.35

0.032 Biomass in1986 is calculated using the amount of the catch of the group and the catch rate of red seabream, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019).

Nakagawa M and

Yoshimura T(2019)

16Seabass 0.054

0.42

0.129 Biomass is calculated using the amount of the catch of the group and the catch rate of yellowtail, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Kubota et al., (2019)

17Flying fish 0.098

0.30

0.322 Biomass is calculated using the amount of the catch of the group and the catch rate of jack mackerel, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Yoda et al., (2021)

18Rockfish 0.019

0.37

0.051 Biomass is calculated using the amount of the catch of the group and the catch rate of kichiji rockfish, as reported by Hamatsu et al. (2003). Hamatsu et al., (2003)

19Barracuda 0.192

0.30

0.632 Biomass is calculated using the amount of the catch of the group and the catch rate of jack mackerel, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Yoda et al., (2021)

20Flying squid 0.064

0.34

0.189 Biomass in 1985 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Kubota et al., (2021)

21Other squids 0.220

0.34

0.645 Biomass is calculated using the amount of the catch of the group and the catch rate of flying squid, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Kubota et al., (2021)

22Octopus 0.033

0.34

0.097 Biomass is calculated using the amount of the catch of the group and the catch rate of flying squid, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Kubota et al., (2021)

23Ivory shell 0.00001

0.25

0.00002 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

24Sea cucumber 0.050

0.25

0.203 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

25Other conch 0.025

0.25

0.102 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

26Crab 0.002

0.25

0.008 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

27Prawn 0.004

0.25

0.015 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

28 0.104

0.25

0.425 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

29Dragonet - - 0.0004 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

30Tongue sole - - 0.001 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

31Goby  - - 0.001 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

32Shrimp - - 0.080 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

33Starfish - - 0.144 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

34Brittle star - - 29.994 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

35Polychaeta - - 9.533 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1),  Hayashi and Kiyono (1984) and Yokoyama and Hayashi (1980).

Hayashi and Kiyono

(1984); Yokoyama and

Hayashi (1980)

36Hermit crab - - 0.041 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

37Mysid - - 0.008 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1) and Akiyama (2015). Akiyama (2015)

38Zooplankton - - 15 Biomass is calculated by Ecopath.

39Phytoplankton - - 64.829 Biomass is calculated by Ecopath.

40Detritus - - 43 Biomass is as reported by Yang (2001). Yang (2001)

Bivalve

Group name

Yi

/

Bi

Details Reference
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in 2013

Yi

(t/km²/year)

Yi

/

Bi

Bi

(t/km²/year)

Details Reference

1Sardine 0.286

0.33

0.855 Biomass in 2013 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Muko et al., (2021)

2Round herring 0.002

0.49

0.004 Biomass in 2013 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Yoda et al., (2021)

3Anchovy 1.016

0.52

1.953 Biomass in 2013 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021).

Hino et al., (2021)

4Mackerel 0.055

0.43

0.126 Biomass in 2013 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Kuroda et al.,(2021)

5Jack mackerel 0.320

0.39

0.817 Biomass in 2013 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Yoda et al., (2021)

6Yellowtail 0.546

0.39

1.415 Biomass in 2013 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019). Kubota et al., (2019)

7Frigate tuna 0.043

0.29

0.149

Biomass is calculated using the amount of the catch of the group and the catch rate of bluefin tuna, as reported by the International Scientific Committee for Tuna and Tuna-like Species in the

North Pacific Ocean(2018).

ISC (2018)

8Tuna 0.022

0.29

0.076

Biomass is calculated using the amount of the catch of the group and the catch rate of bluefin tuna, as reported by the International Scientific Committee for Tuna and Tuna-like Species in the

North Pacific Ocean(2018).

ISC (2018)

9Sailfish 0.008

0.29

0.029

Biomass is calculated using the amount of the catch of the group and the catch rate of bluefin tuna, as reported by the International Scientific Committee for Tuna and Tuna-like Species in the

North Pacific Ocean(2018).

ISC (2018)

10Spanish mackerel 0.767

0.39

1.987 Biomass is calculated using the amount of the catch of the group and the catch rate of yellowtail, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019). Kubota et al., (2019)

11Stingray 0.000005

0.25

0.000 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

12Flounder 0.015

0.43

0.036 Biomass is calculated using the amount of the catch of the group and the catch rate of flounder, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019). Yagi et al., (2019)

13Black porgy 0.011

0.33

0.033 Biomass is calculated using the amount of the catch of the group and the catch rate of red seabream, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019).

Nakagawa M and

Yoshimura T(2019)

14Red seabream 0.032

0.33

0.096 Biomass is calculated using the amount of the catch of the group and the catch rate of red seabream, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019).

Nakagawa M and

Yoshimura T(2019)

15Tilefish 0.011

0.33

0.034 Biomass is calculated using the amount of the catch of the group and the catch rate of red seabream, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019).

Nakagawa M and

Yoshimura T(2019)

16Seabass 0.054

0.39

0.139 Biomass is calculated using the amount of the catch of the group and the catch rate of yellowtail, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2019). Kubota et al., (2019)

17Flying fish 0.098

0.39

0.251 Biomass is calculated using the amount of the catch of the group and the catch rate of jack mackerel, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Yoda et al., (2021)

18Rockfish 0.019

0.37

0.051 Biomass is calculated using the amount of the catch of the group and the catch rate of kichiji rockfish, as reported by Hamatsu et al. (2003). Hamatsu et al., (2003)

19Barracuda 0.192

0.39

0.491 Biomass is calculated using the amount of the catch of the group and the catch rate of jack mackerel, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Yoda et al., (2021)

20Flying squid 0.064

0.13

0.509 Biomass in 2013 is as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Kubota et al., (2021)

21Other squids 0.220

0.13

1.734 Biomass is calculated using the amount of the catch of the group and the catch rate of flying squid, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Kubota et al., (2021)

22Octopus 0.033

0.13

0.260 Biomass is calculated using the amount of the catch of the group and the catch rate of flying squid, as reported by the Fisheries Agency and Fisheries Research Agency of Japan (2021). Kubota et al., (2021)

23Ivory shell 0.00001

0.25

0.000 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

24Sea cucumber 0.050

0.25

0.203 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

25Other conch 0.025

0.25

0.102 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

26Crab 0.002

0.25

0.008 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

27Prawn 0.004

0.25

0.015 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

28Bivalve 0.104

0.25

0.425 Biomass is calculated using the amount of the catch of the group and the catch rate of large benthos, as reported by Watari (2015). Watari (2015)

29Dragonet - - 0.007 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

30Tongue sole - - 0.020 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

31Goby  - - 0.011 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

32Shrimp - - 0.139 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

33Starfish - - 0.066 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

34Brittle star - - 10.898 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

35Polychaeta - - 8.738 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1),  Hayashi and Kiyono (1984) and Yokoyama and Hayashi (1980).

Hayashi and Kiyono

(1984); Yokoyama and

Hayashi (1980)

36Hermit crab - - 0.019 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1).

37Mysid - - 0.013 Biomass is estimated using the data from benthic sampling (Online Resource, Section 1) and Akiyama (2015). Akiyama (2015)

38Zooplankton - - 5.820 Biomass is calculated by Ecopath.

39Phytoplankton - - 28.061 Biomass is calculated by Ecopath.

40Detritus - - 43 Biomass is as reported by Yang (2001). Yang (2001)

Group name
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Figure

Diagnostic criterion

or

1985 2013

table

Good  Acceptable Caution Good  Acceptable Caution

Class of diagnostic: Biomasses across taxa/TLs

1Biomass should span 5–7 orders of magnitude Figure S9-1

✔ ✔

2Slope (on log scale) should be ∼5–10% decline

✔ ✔

3

Taxa notably above or below slope-line may need more attention

✔ ✔

Class of diagnostic: Biomass ratios

4

Compared across taxa, predators biomass should be less than

that of (1 relative to) their prey

Table S9-2

✔ ✔

5

Number of zeroes indicates potential trophic difference

between predators and prey

✔ ✔

6

Compared across taxa, ratios indicate major pathways of

trophic flows (e.g. benthic vs pelagic)

✔ ✔

Class of diagnostic: Vital rates across taxa/TLs

7Normal biomass decomposition of C, P and R

Figure S9-2,

S9-3,S9-4

✔ ✔

8Taxa notably above or below trend merit further attention

✔ ✔

Class of diagnostic: Vital rate ratios

9

Compared across taxa, predators' C/B, P/B and R/B should be

less than 1 relative to their prey

Table S9-3

✔ ✔

10

Number of zeroes indicates potential trophic difference

between predators and prey

✔ ✔

11P and B relative to PP approximate TL Figure S9-5

✔ ✔

12

Compared across vital rates; P/Cs or P/Rs near 1 merit reevaluating

Figure S9-6

✔ ✔

Class of diagnostic: Total production and removals

13

Total, scaled values of P, C and R should again follow a

decomposition with increasing TL

Figure S9-7

✔ ✔

14

Consumption of a taxa should be less than production by that taxa

✔ ✔

15

Consumption by a taxa should be more than production by that taxa

✔ ✔

16

Total human removals should be less than total production of a taxa

Figure S9-8

✔ ✔

17

Total human removals should be compared to consumption of a taxa

✔ ✔

Diagnostics
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Predator / Prey  Production ratio Consumption ratio Respiration ratio

Top predators / Small pelagic fishes  0.003 0.003 0.003

Top predators / Zooplankton  0.0004 0.001 0.001

Small pelagic fishes / Zooplankton 0.134 0.311 0.418

Zooplankton / Phytoplankton  0.167

Small pelagic fishes / Phytoplankton 0.022

Demersal fishes / Benthos 0.004 0.006 0.007

Small pelagic fishes / all fishes 0.918 0.928 0.927

Demersal fishes / all fishes 0.001 0.001 0.001

Top predators / all fishes 0.002 0.002 0.002

Top predators / Demersal fishes 2.734 3.822 4.146

Benthos / Zooplankton 0.030 0.034 0.036

TL4 / <TL3 0.0001 0.001 0.001

1985
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Predator / Prey  Production ratio Consumption ratio Respiration ratio

Top predators / Small pelagic fishes  0.307 0.487 0.561

Top predators / Zooplankton  0.003 0.006 0.007

Small pelagic fishes / Zooplankton 0.009 0.012 0.013

Zooplankton / Phytoplankton  0.167

Small pelagic fishes / Phytoplankton 0.002

Demersal fishes / Benthos 0.008 0.010 0.011

Small pelagic fishes / all fishes 0.512 0.460 0.436

Demersal fishes / all fishes 0.014 0.016 0.017

Top predators / all fishes 0.157 0.224 0.245

Top predators / Demersal fishes 11.505 14.074 14.824

Benthos / Zooplankton 0.031 0.041 0.047

TL4 / <TL3 0.001 0.014 0.018

2013
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