
Supplementary Appendix 1 

The RAM Legacy Stock Assessment database has undergone several updates since the publication 
of Szuwalski et al. (2015). 45 of the 224 stocks included in the original analysis have been split, 
merged, or deprecated. Table 1 lists each of the 45 stocks that underwent some modification. A 
full list of the stocks included in Szuwalski et al. (2015) is included in our GitHub repository 
(https://github.com/emilysellinger/revamped-sr-analysis).  

253 stocks that met our analysis criteria were added to the RAM database. A full list of these 
new stocks is available in our GitHub repository. The majority of stocks added were Pacific salmon 
stocks in Alaska (see Figures S1 and S2).  
 

Table S.A.1. Modified stocks from Szuwalski et al. (2015). 

Species 
Common 

Name 
Agency Area Change 

Thunnus 
alalunga 

Albacore tuna ICCAT Northern Atlantic deprecated 

Sebastes 
melanostomus 

Blackgill 
rockfish 

NMFS Pacific coast 
excluded, new time series 
data off stock-recruitment 

curve 
Thunnus obesus Bigeye tuna ICCAT Atlantic pelagic deprecated 
Thunnus obesus Bigeye tuna SPC Pacific pelagic deprecated 

Sebastes 
melanops 

Black rockfish NWFSC 
U.S. West Coast, 

north of Cape 
Falcon   

split, now 
BLACKROCKCAL, 

BLACKROCKORECOAS
T, BLACKROCKWASH 

 

Sebastes 
melanops 

Black rockfish NWFSC 
U.S. West Coast, 

south of Cape 
Falcon 

split, now 
BLACKROCKCAL, 

BLACKROCKORECOAS
T, BLACKROCKWASH 

 
Mallotus villosus Capelin NWWG Iceland shelf deprecated 

Gadus morhua Atlantic cod NAFO-SC 
Newfoundland-
Labrador Shelf 

deprecated 

Gadus morhua Atlantic cod NEFSC 
Northeast U.S. 

Continental Shelf 
deprecated 

Gadus morhua Atlantic cod WGNSSK North Sea deprecated 
Mycteroperca 

microlepis 
Gag SEFSC Gulf of Mexico deprecated 

Melanogrammus 
aeglefinus 

Haddock DFO 
Northeast U.S. 

Continental Shelf 
deprecated 

Melanogrammus 
aeglefinus 

Haddock WGNSSK North Sea 
merged, now 

HADNS.IIa.Via 
Melanogrammus 

aeglefinus 
Haddock WGNSDS Celtic-Biscay Shelf 

merged, now 
HADNS.IIa.Via 



Clupea harengus Herring WGBFAS Baltic Sea 
redefined, now 
HERR2529.32 

Clupea harengus Herring WGBFAS Baltic Sea 
merged, now HERR30.31 

 

Clupea harengus Herring WGBFAS Baltic Sea 
merged, now HERR30.31 

 

Clupea harengus Herring DFO Scotian Shelf 
excluded, new time series 
data missing observations 

 

Clupea harengus Herring HAWG North Sea 
redefined, now 

HERRNS.IIIa.VIId 
Scomber 
scombrus 

Mackerel NEFSC 
Northeast U.S. 

Continental Shelf 
deprecated 

Nemadactylus 
macropterus 

Jackass 
morwong 

CSIRO 
Southeast 

Australian Shelf 

split, now 
MORWONGESE and 

MORWONGWSE 

Lutjanus analis 
Mutton 
snapper 

SEFSC 
Southeast U.S. 

Continental Shelf 
deprecated 

Gadus 
macrocephalus 

Pacific cod AFSC East Bering Sea 
split, now PCODAI and 

PCODBS 
Pleuronectes 

platessa 
European 

plaice 
WGNSSK Baltic Sea redefined, now PLAICNS 

Pollachius 
virens 

pollock DFO Scotian Shelf deprecated 

Eopsetta jordan Petrale sole NWFSC Gulf of Alaska 
merged, now 

PSOLEPCOAST 
 

Eopsetta jordan Petrale sole NWFSC California Current 
merged, now 

PSOLEPCOAST 
 

Pagrus pagrus Red porgy SEFSC 
Southeast U.S. 

Continental Shelf 
deprecated 

Lutjanus 
campechanus 

Red snapper SEFSC 
Eastern Gulf of 

Mexico 
deprecated 

Lutjanus 
campechanus 

Red snapper SEFSC 
Western Gulf of 

Mexico 
deprecated 

Sardinops sagax Pacific sardine SWFSC California Current deprecated 

Sardinops sagax Pacific sardine MARAM Benguela Current 
split, now SARDSAS and 

SARDSAW 
 

Ammodytes 
marinus 

Sand lance 
 

WGNSSK North Sea 

split, now now 
SEELNSSA1, 
SEELNSSA2, 
SEELNSSA3, 
SEELNSSA4 



Epinephelus 
niveatus 

Snowy grouper SEFSC 
Southeast U.S. 

Continental Shelf 
deprecated 

Solea vulgaris 
common 

European sole 
WGBPAS Baltic Sea deprecated 

Solea vulgaris 
common 

European sole 
WGHMM Celtic-Biscay Shelf deprecated 

Kajikia audax Striped marlin SPC Pacific pelagic deprecated 

Xiphias gladius Swordfish ICCAT 
North Atlantic 

pelagic 
deprecated 

Rhomboplites 
aurorubens 

Vermilion 
snapper 

SEFSC Gulf of Mexico deprecated 

Merlangius 
merlangus 

Whiting WGNSSK North Sea 
redefined, now 
WHITNS.VIId 

Merlangius 
merlangus 

Whiting WGSSDS Celtic-Biscay Shelf 
redefined, now 
WHITVIIbce.k 

Thunnus 
albacares 

Yellowfin tuna ICCAT Atlantic pelagic deprecated 

Thunnus 
albacares 

Yellowfin tuna SPC Pacific pelagic deprecated 

Ocyurus 
chrysurus 

Ocyurus 
chrysurus 

SEFSC 
Southeast U.S. 

Continental Shelf 
deprecated 

 



Table S.A.2. Unmodified stocks from Szuwalski et al. (2015) that were also included in this 
analysis where a primary recruitment driver was unable to be determined by Szuwalski et al. 
(2015). Spawning biomass and environment columns indicate the primary recruitment driver 
found in this analysis. Stocks in the "no re-classification" column had no primary driver in the 
previous analysis, as well as ours. The managing agency and area code are included beneath each 
stock. 
 
Spawning Biomass Environment No re-classification 
Atlantic cod 

ICES I-II 
Common gemfish 

Australian 
southeast shelf 

Whiting 
ICES VIa 
 

Albacore tuna 
WCPFC SPAC 

Arrowtooth flounder 
Bering Sea and Aleutian 
Islands 

Atlantic cod 
DFO 4T 

Atlantic cod 
ICES 22-24 

Atlantic cod 
ICES Va 

Atlantic cod 
ICES VIIa 

Greenland halibut 
ICES I-II 

Haddock 
NMFS GB 

Gulf menhaden 
Gulf of Mexico 

Pacific Ocean perch 
US West Coast 

Red snapper 
NMFS Southern Atlantic 
Coast 

Skipjack tuna 
      WCPFC CWPAC 
Walleye pollock 

Gulf of Alaska 
Widow rockfish 

US West Coast 

Anchovy 
DETMCM South Africa 

Chilean jack mackerel 
Chile 

Pacific chub mackerel 
US West Coast 

Atlantic cod 
ICES 25-32 

Atlantic cod 
NMFS 5Z 

English sole 
US West Coast 

Gray triggerfish 
Gulf of Maine 

Haddock 
ICES I-II 

Herring 
ICES VIIa 

Herring 
NMFS NWATLC 

Herring 
ICES VIIa-g-h-j-k 

Herring 
Prince William Sound 

Herring 
Strait of Georgia 

Herring 
ICES VIa 

American lobster 
NMFS Gulf of Maine 

Megrim 
ICES VIIIc-IXa 

Peruvian anchoveta 
IMARPE NC 

Scup 
US Northwest Atlantic 

Sprat 
ICES 22-32 

Walleye pollock 
Aleutian Islands 

Yellowtail flounder 
Gulf of Alaska 



Yellowfin tuna 
Eastern Pacific Ocean 

 

 

 

Figure S.1. Stocks added to the RAM Legacy Stock Assessment database since Szuwalski et al. 
(2015) by fishery type. 



 

 

Figure S2. Stocks added to the RAM Legacy Stock Assessment database since Szuwalski et al. 
(2015) by primary FAO region. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Appendix 2 

Kristoufek (2013) found that DCCA coefficients can be sensitive to the window size. Window 
sizes of 5, 10, and 15 years were tested on the 432 stocks to determine the most appropriate for 
detrending the time series. Figure S.3 shows density plots of the estimated DCCA correlation 
coefficient for each of the three window sizes. A window size of 15 years led to the largest absolute 
correlation coefficient on average for spawning biomass influenced and environmentally 
influenced stocks (Figures S3a and S3c).  

 

Figure S3a-c. Density plots for the DCCA correlation coefficient by window size: (a) stocks 
classified as primarily environmentally influenced; (b) stocks for which a primary influence on 
recruitment could not be determined (“edge cases”); and (c) is stocks classified as primarily 
spawning biomass influenced.  
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Supplementary Appendix 3 
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regimes were identified for each of the 371 stocks with some influence of environment on recruitment. The
dotted line represents the mean difference in the number of recruitment regimes. On average, PELT identified
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Region: European Union
(a)

Stock ID: CODKAT
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Region: US Alaska
(a)

Stock ID: GHALBSAI
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Region: Europe non EU
(a)

Stock ID: GOLDREDNEAR
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Region: US Southeast and Gulf
(a)

Stock ID: GRSNAPGM
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Region: Canada East Coast
(a)

Stock ID: HERR4RSP
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Stock ID: HERRIsum

−4

−2

0

2

4

1990 2000 2010
Year

S
ta

nd
ar

di
ze

d 
re

si
du

al
s

(b)

0.00

0.25

0.50

0.75

1.00

1990 2000 2010
Year

P
os

te
rio

r 
pr

ob
 o

f c
ha

ng
e 

po
in

t (c)



0.0e+00

2.5e+08

5.0e+08

7.5e+08

1.0e+09

1980 1985 1990 1995 2000
Year

R
ec

ru
its

Clupea pallasii
Region: US Alaska
(a)

Stock ID: HERRPWS
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Region: New Zealand
(a)

Stock ID: HOKIWNZ
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Region: US Alaska
(a)

Stock ID: KMFLOUNBSAI
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Region: US Alaska
(a)

Stock ID: NRSOLEEBSAI
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Region: Canada West Coast
(a)

Stock ID: PERCHQCI
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Merluccius productus
Region: US West Coast
(a)

Stock ID: PHAKEPCOAST
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Region: US Alaska
(a)

Stock ID: PSALMPWSED
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Region: US Alaska
(a)

Stock ID: PSALMTUTKASD
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Dissostichus eleginoides
Region: Southern Africa
(a)

Stock ID: PTOOTHFISHPEI
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Epinephelus morio
Region: US Southeast and Gulf
(a)

Stock ID: RGROUPSATL
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Paralithodes camtschaticus
Region: US Alaska
(a)

Stock ID: RKCRABBB
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Pleuroncodes monodon
Region: South America
(a)

Stock ID: RSQLOBSTERCSCH
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Sebastes proriger
Region: Canada West Coast
(a)

Stock ID: RSROCKBCWN
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Sebastes proriger
Region: Canada West Coast
(a)

Stock ID: RSROCKBCWS
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Anoplopoma fimbria
Region: US Alaska
(a)

Stock ID: SABLEFEBSAIGA
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Region: Southern Africa
(a)

Stock ID: SARDSAW
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Sardinops sagax
Region: Australia
(a)

Stock ID: SARDWSE
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Sebastes jordani
Region: US West Coast
(a)

Stock ID: SBELLYROCKPCOAST
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Micromesistius australis
Region: New Zealand
(a)

Stock ID: SBWHITACIR
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Micromesistius australis
Region: South America
(a)

Stock ID: SBWHITARGS
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Ammodytes spp
Region: European Union
(a)

Stock ID: SEELNSSA3
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Stock ID: SEELNSSA4

−4

−2

0

2

4

2000 2010 2020
Year

S
ta

nd
ar

di
ze

d 
re

si
du

al
s

(b)

0.00

0.25

0.50

0.75

1.00

2000 2010 2020
Year

P
os

te
rio

r 
pr

ob
 o

f c
ha

ng
e 

po
in

t (c)



0e+00

1e+09

2e+09

3e+09

4e+09

1990 2000 2010
Year

R
ec

ru
its

Chionoecetes opilio
Region: US Alaska
(a)

Stock ID: SNOWCRABBS
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Region: Canada West Coast
(a)

Stock ID: SSALMBIRKENH
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Region: US Alaska
(a)

Stock ID: SSALMEALSEKDR
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Region: US Alaska
(a)

Stock ID: SSALMIGUSHIK
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Region: US West Coast
(a)

Stock ID: SSALMLWASH
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Lophius piscatorius
Region: European Union
(a)

Stock ID: WANGLVIIIc.IXa
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Pseudopleuronectes americanus
Region: US East Coast
(a)

Stock ID: WINFLOUN5Z
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Theragra chalcogramma
Region: US Alaska
(a)

Stock ID: WPOLLGA
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Limanda ferruginea
Region: US East Coast
(a)

Stock ID: YELLGB
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Sebastes fasciatus
Region: US East Coast
(a)

Stock ID: ACADREDGOMGB
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Hippoglossoides platessoides
Region: Canada East Coast
(a)

Stock ID: AMPL4T
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Engraulis encrasicolus
Region: European Union
(a)

Stock ID: ANCHOBAYB
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Region: Southern Africa
(a)

Stock ID: ANCHOSA
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Theragra chalcogramma
Region: Japan
(a)

Stock ID: APOLLNSJ
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Sebastes paucispinis
Region: US West Coast
(a)

Stock ID: BOCACCSPCOAST
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Mallotus villosus
Region: Europe non EU
(a)

Stock ID: CAPENOR
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Region: South Africa
(a)

Stock ID: CHSQUIDSA
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Trachurus murphyi
Region: South America
(a)

Stock ID: CHTRACCH
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Scomber japonicus
Region: US West Coast
(a)

Stock ID: CMACKPCOAST
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Region: Japan
(a)

Stock ID: CMACKPJPN
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Gadus morhua
Region: Canada East Coast
(a)

Stock ID: COD2J3KL
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Gadus morhua
Region: Canada East Coast
(a)

Stock ID: COD3M
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Gadus morhua
Region: Canada East Coast
(a)

Stock ID: COD3Pn4RS

−4

−2

0

2

4

1980 1990 2000 2010
Year

S
ta

nd
ar

di
ze

d 
re

si
du

al
s

(b)

0.00

0.25

0.50

0.75

1.00

1980 1990 2000 2010
Year

P
os

te
rio

r 
pr

ob
 o

f c
ha

ng
e 

po
in

t (c)



1e+07

2e+07

3e+07

1980 1990 2000 2010
Year

R
ec

ru
its

Gadus morhua
Region: US East Coast
(a)

Stock ID: CODGB
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Region: European Union
(a)

Stock ID: CODVIIek
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Oncorhynchus keta
Region: Canada West Coast
(a)

Stock ID: CSALMISCFPM
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Region: US West Coast
(a)

Stock ID: CSALMNSR
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Oncorhynchus keta
Region: US West Coast
(a)

Stock ID: CSALMSSR
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Balistes capriscus
Region: US Southeast and Gulf
(a)

Stock ID: GTRIGGM
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Melanogrammus aeglefinus
Region: Europe non EU
(a)

Stock ID: HADNEAR
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Merluccius spp
Region: Southern Africa
(a)

Stock ID: HAKESPPSAF
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Clupea harengus
Region: Canada East Coast
(a)

Stock ID: HERR4TSP
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Clupea harengus
Region: European Union
(a)

Stock ID: HERRNIRS
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Clupea harengus
Region: European Union
(a)

Stock ID: HERRNS.IIIa.VIId
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Clupea harengus
Region: European Union
(a)

Stock ID: HERRRIGA
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Clupea pallasii
Region: Canada West Coast
(a)

Stock ID: HERRSOG
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Theragra chalcogramma
Area ID: Japan−FAJ−NSJ
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Atheresthes stomias
Area ID: USA−NMFS−BSAI
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Area ID: USA−NMFS−PCOAST
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Engraulis anchoita
Area ID: Argentina−CFP−ARG−N
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Engraulis anchoita
Area ID: Argentina−CFP−ARG−S
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Merluccius hubbsi
Area ID: Argentina−CFP−ARG−N
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Merluccius hubbsi
Area ID: Argentina−CFP−ARG−S
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Thunnus thynnus
Area ID: multinational−ICCAT−EATL
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Atlantic bluefin tuna
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Thunnus thynnus
Area ID: multinational−ICCAT−WATL
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Hippoglossus hippoglossus
Area ID: Canada−DFO−3NOPs4VWX5Zc
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Atlantic halibut
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Pleurogrammus monopterygius
Area ID: USA−NMFS−BSAI
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Atka mackerel
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Micropogonias undulatus
Area ID: USA−NMFS−MATLC
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Atlantic croaker
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Sebastes aurora
Area ID: USA−NMFS−PCOAST
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Aurora rockfish
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Arripis trutta
Area ID: New Zealand−MFish−NZ
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Anarhichas lupus
Area ID: USA−NMFS−5YZ
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Atlantic wolffish
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Macruronus novaezelandiae
Area ID: Australia−AFMA−NSWWA
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Thunnus obesus
Area ID: multinational−WCPFC−CWPAC
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Bigeye tuna
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Thunnus obesus
Area ID: multinational−IATTC−EPAC
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Thunnus obesus
Area ID: multinational−IOTC−IO
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Centroberyx gerrardi
Area ID: Australia−AFMA−SE
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Sebastes melanops
Area ID: USA−NMFS−CAL
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Black rockfish
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Sebastes melanops
Area ID: USA−NMFS−WASH
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Black rockfish
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Pomatomus saltatrix
Area ID: USA−NMFS−ATLC
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Bluefish
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Sebastes mystinus
Area ID: USA−NMFS−CAL
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Scomber australasicus
Area ID: Japan−FAJ−ECS
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Scomber australasicus
Area ID: Japan−FAJ−PJPN
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Makaira nigricans
Area ID: multinational−ISC−PAC
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Sebastes paucispinis
Area ID: USA−NMFS−SPCOAST
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Dentex tumifrons
Area ID: Japan−FAJ−SOJ
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Yellow sea bream
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Farfantepenaeus aztecus
Area ID: USA−NMFS−GM
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Brown shrimp
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Area ID: USA−NMFS−MATLC
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Area ID: Chile−SUBPESCA−CH−CS
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Scorpaenichthys marmoratus
Area ID: USA−NMFS−NCAL
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Scorpaena guttata
Area ID: USA−NMFS−SCAL
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Merluccius capensis
Area ID: South Africa−DETMCM−SA
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Area ID: Chile−SUBPESCA−CH−CS
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Loligo reynaudii
Area ID: South Africa−DETMCM−SA
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Area ID: multinational−SPRFMO−CH
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Scomber japonicus
Area ID: USA−NMFS−PCOAST
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Rachycentron canadum
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Gadus morhua
Area ID: multinational−ICES−1F−XIV
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Area ID: Canada−DFO−2J3KL
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Microstomus pacificus
Area ID: USA−NMFS−PCOAST
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Sebastes variabilis
Area ID: USA−NMFS−GA
(a)

Dusky rockfish
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Dicentrarchus labrax
Area ID: multinational−ICES−IVbc−VII
(a)

European seabass
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Dicentrarchus labrax
Area ID: multinational−ICES−VIIIab
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European seabass
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Parophrys vetulus
Area ID: USA−NMFS−PCOAST
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English sole
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Hippoglossoides elassodon
Area ID: USA−NMFS−BSAI
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Flathead sole
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Hippoglossoides elassodon
Area ID: USA−NMFS−GA
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Flathead sole
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Lepidorhombus boscii
Area ID: multinational−ICES−VIIIc−IXa
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Fourspotted megrim
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Mycteroperca microlepis
Area ID: USA−NMFS−SATLC
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Rexea solandri
Area ID: New Zealand−MFish−NZ
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Common gemfish
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Rexea solandri
Area ID: Australia−AFMA−SE
(a)

Common gemfish
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Reinhardtius hippoglossoides
Area ID: multinational−NAFO−23KLMNO
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Greenland halibut
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Reinhardtius hippoglossoides
Area ID: USA−NMFS−BSAI
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Greenland halibut
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Reinhardtius hippoglossoides
Area ID: multinational−ICES−I−II
(a)

Greenland halibut
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Lithodes aequispinus
Area ID: USA−NMFS−AIES
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Golden king crab
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Lithodes aequispinus
Area ID: USA−NMFS−AIWS
(a)

Golden king crab
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Sebastes norvegicus
Area ID: multinational−ICES−I−II
(a)

Golden redfish
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Sebastes norvegicus
Area ID: multinational−ICES−V−VI−XII−XIV
(a)

Golden redfish

1e+08

2e+08

3e+08

1970 1980 1990 2000 2010
Year

R
ec

ru
its

0e+00

1e+08

2e+08

3e+08

0e+00 1e+05 2e+05 3e+05 4e+05
Spawning Biomass

R
ec

ru
its

Ricker 0.396

BevHolt 0.604

(b)

0.36

−0.5

0.0

0.5

1.0

−10 −5 0 5 10
lag

cr
os

s 
co

rr
el

at
io

n
(c)



1000

1500

2000

2500

S
pa

w
ni

ng
 B

io
m

as
s

Sebastes carnatus
Area ID: USA−NMFS−SPCOAST
(a)

Gopher rockfish
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Seriola dumerili
Area ID: USA−NMFS−GM
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Greater amberjack
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Seriola dumerili
Area ID: USA−NMFS−SATLC
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Greater amberjack
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Sebastes elongatus
Area ID: USA−NMFS−PCOAST
(a)

Greenstriped rockfish
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Lutjanus griseus
Area ID: USA−NMFS−GM
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Gray snapper
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Kathetostoma giganteum
Area ID: New Zealand−MFish−STA7
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Giant stargazer
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Penaeus semisulcatus
Area ID: Australia−AFMA−NAUST
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Grooved tiger prawn
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Balistes capriscus
Area ID: USA−NMFS−GM
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Gray triggerfish
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Melanogrammus aeglefinus
Area ID: Canada−DFO−4X5Y
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Haddock
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Melanogrammus aeglefinus
Area ID: USA−NMFS−5Y
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Melanogrammus aeglefinus
Area ID: multinational−ICES−Vb1
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Melanogrammus aeglefinus
Area ID: USA−NMFS−GB
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Melanogrammus aeglefinus
Area ID: multinational−ICES−Va
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Engraulis japonicus
Area ID: Japan−FAJ−PJPN
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Trachurus japonicus
Area ID: Japan−FAJ−PJPN
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Trachurus japonicus
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Takifugu rubripes
Area ID: Japan−FAJ−IMKB
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Hexagrammos decagrammus
Area ID: USA−NMFS−ORECOAST
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Scomberomorus cavalla
Area ID: USA−NMFS−GM
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Area ID: USA−NMFS−BSAI
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Ophiodon elongatus
Area ID: USA−NMFS−NPCOAST
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Ophiodon elongatus
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Area ID: USA−NMFS−5Y
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Area ID: USA−NMFS−SNE
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Sebastolobus altivelis
Area ID: USA−NMFS−PCOAST
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Scomber scombrus
Area ID: USA−NMFS−5YCHATT
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Scomber scombrus
Area ID: multinational−ICES−IIa−IIIabd−IV−Vb−VI−VII−VIIIabcde−XII−XIV−Ixa
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Lepidorhombus whiffiagonis
Area ID: multinational−ICES−VIIIc−IXa
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Nemadactylus macropterus
Area ID: Australia−AFMA−ESE
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Chrysophrys auratus
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Thunnus orientalis
Area ID: multinational−ISC−PAC
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Engraulis ringens
Area ID: Chile−SUBPESCA−CH−C
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Macruronus magellanicus
Area ID: Chile−SUBPESCA−CH−CS
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Macruronus magellanicus
Area ID: Argentina−CFP−ARG−S
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Genypterus blacodes
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Genypterus blacodes
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Paralithodes camtschaticus
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Mullus barbatus
Area ID: multinational−GFCM−GSA29
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Jasus edwardsii
Area ID: Australia−SARDI−SAUSNZ
(a)

Rock lobster

500000

1000000

1500000

1970 1980 1990 2000
Year

R
ec

ru
its

0

500000

1000000

1500000

0e+00 2e+11 4e+11 6e+11
Spawning Biomass

R
ec

ru
its

Ricker 0.668

BevHolt 0.332

(b)

−0.5

0.0

0.5

1.0

−10 −5 0 5 10
lag

cr
os

s 
co

rr
el

at
io

n
(c)



4e+11

5e+11

6e+11

S
pa

w
ni

ng
 B

io
m

as
s

Jasus edwardsii
Area ID: Australia−SARDI−SAUSSZ
(a)

Rock lobster

1e+06

2e+06

3e+06

4e+06

1970 1980 1990 2000
Year

R
ec

ru
its

0e+00

1e+06

2e+06

3e+06

4e+06

0e+00 2e+11 4e+11 6e+11
Spawning Biomass

R
ec

ru
its

Ricker 0.922

BevHolt 0.0782

(b)

0.42

−0.5

0.0

0.5

1.0

−10 −5 0 5 10
lag

cr
os

s 
co

rr
el

at
io

n
(c)



2000

2500

3000

3500

S
pa

w
ni

ng
 B

io
m

as
s

Eopsetta grigorjewi
Area ID: Japan−FAJ−SOJ
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Lutjanus campechanus
Area ID: USA−NMFS−GM
(a)

Red snapper

0e+00

1e+08

2e+08

3e+08

4e+08

1970 1980 1990 2000 2010
Year

R
ec

ru
its

0e+00

1e+08

2e+08

3e+08

4e+08

0.0e+00 2.5e+14 5.0e+14 7.5e+14
Spawning Biomass

R
ec

ru
its

Ricker 0.258

BevHolt 0.742

(b)

0.38

−0.5

0.0

0.5

1.0

−10 −5 0 5 10
lag

cr
os

s 
co

rr
el

at
io

n
(c)



2e+12
3e+12
4e+12
5e+12

S
pa

w
ni

ng
 B

io
m

as
s

Lutjanus campechanus
Area ID: USA−NMFS−SATLC
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Lepidopsetta bilineata
Area ID: Canada−DFO−5AB
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Lepidopsetta bilineata
Area ID: USA−NMFS−GA
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Lepidopsetta bilineata
Area ID: Canada−DFO−HS
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Pleuroncodes monodon
Area ID: Chile−SUBPESCA−CH−CS
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Sebastes proriger
Area ID: Canada−DFO−BCWN
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Redstripe rockfish
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Area ID: Canada−DFO−BCWS
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Anoplopoma fimbria
Area ID: USA−NMFS−EBSAIGA
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Anoplopoma fimbria
Area ID: Canada−DFO−PCOAST
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Anoplopoma fimbria
Area ID: USA−NMFS−PCOAST
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Sardina pilchardus
Area ID: multinational−GFCM−GSA17−18
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Sardina pilchardus
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Sardinops sagax
Area ID: South Africa−DETMCM−SAS
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Sardinops sagax
Area ID: South Africa−DETMCM−SAW
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Sardinops sagax
Area ID: Australia−SARDI−WSE
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Sebastes jordani
Area ID: USA−NMFS−PCOAST
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Thunnus maccoyii
Area ID: multinational−CCSBT−SO
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Micromesistius australis
Area ID: New Zealand−MFish−CIR
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Micromesistius australis
Area ID: Chile−SUBPESCA−CH−CS
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Metanephrops challengeri
Area ID: New Zealand−MFish−BOP
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Metanephrops challengeri
Area ID: New Zealand−MFish−MB
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Metanephrops challengeri
Area ID: New Zealand−MFish−WHB
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Stenotomus chrysops
Area ID: USA−NMFS−NWATLC
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Palinurus gilchristi
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Sebastolobus alascanus
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Platichthys stellatus
Area ID: USA−NMFS−SPCOAST
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Kajikia audax
Area ID: multinational−IATTC−NEPAC
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Morone saxatilis
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Sillago flindersi
Area ID: Australia−AFMA−SE
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Chionoecetes bairdi
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Neoplatycephalus richardsoni
Area ID: Australia−AFMA−SE
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Lopholatilus chamaeleonticeps
Area ID: USA−NMFS−GM
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Psetta maxima
Area ID: multinational−GFCM−GSA29
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Scophthalmus maximus
Area ID: multinational−ICES−IV
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Lophius piscatorius
Area ID: multinational−ICES−VIIIc−IXa
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Seriolella brama
Area ID: Australia−AFMA−ESE
(a)

Blue warehou

0e+00

5e+12

1e+13

1985 1990 1995 2000 2005
Year

R
ec

ru
its

0e+00

5e+12

1e+13

0 5000 10000
Spawning Biomass

R
ec

ru
its

Ricker 0.366

BevHolt 0.634

(b)

0.58
0.64

−0.5

0.0

0.5

1.0

−10 −5 0 5 10
lag

cr
os

s 
co

rr
el

at
io

n
(c)



1000

2000

3000

4000

S
pa

w
ni

ng
 B

io
m

as
s

Seriolella brama
Area ID: Australia−AFMA−WSE
(a)

Blue warehou

2e+12

4e+12

6e+12

1985 1990 1995 2000 2005
Year

R
ec

ru
its

0e+00

2e+12

4e+12

6e+12

0 1000 2000 3000 4000
Spawning Biomass

R
ec

ru
its

Ricker 0.0459

BevHolt 0.954

(b)

0.53

−0.5

0.0

0.5

1.0

−10 −5 0 5 10
lag

cr
os

s 
co

rr
el

at
io

n
(c)



20000

40000

60000

S
pa

w
ni

ng
 B

io
m

as
s

Urophycis tenuis
Area ID: Canada−DFO−4T
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Area ID: USA−NMFS−5YZ
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Merlangius merlangus
Area ID: multinational−GFCM−GSA29
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Merlangius merlangus
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Pseudopleuronectes americanus
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Pseudopleuronectes americanus
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Glyptocephalus cynoglossus
Area ID: Canada−DFO−4RST
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Percentage of simulations with a significant Spearman's correlation coefficient as a function of
recruitment error. Lines represent the historical depletion of the stock biomass. The spawning
biomass time series was generated using a AR(1) process with a autocorrelation coefficient of 0.7.
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Percentage of simulations with a significant Spearman's correlation coefficient as a function of
recruitment error. Lines represent the steepness parameter in the Beverton−Holt stock−recruitment
relationship. The spawning biomass time series was generated using a AR(1) process with a
autocorrelation coefficient of 0.7.
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