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Well-designed management systems can improve envi-
ronmental outcomes of renewable resources. In many 
regions, fisheries management now effectively regu-

lates fishing pressure, either to maintain population biomass within 
sustainable, productive ranges or to rebuild populations back to 
more productive levels1–4. In other regions, fisheries regulation and 
enforcement are lacking or insufficient, and as a result many stocks 
have become overfished5–7. Management systems are complex, and 
it is unclear which specific management measures are most influen-
tial because many may be applied simultaneously, in different com-
binations and with varying impacts on individual fished stocks7–11. 
The numerous measures used to manage fisheries also vary consid-
erably among stocks and regions1,7,9, and may have stronger effects 
on some life-history types or fishing fleets than on others12. Our 
limited understanding of the relative effectiveness of different man-
agement measures hinders fishery-rebuilding initiatives around the 
world, impedes progress towards the zero-overfishing target of the 

United Nations Sustainable Development Goals13 and diminishes 
potential global food production from capture fisheries14.

Here we distinguish between management measures applied to 
individual stocks from those applied at the country level as man-
dated by broader legislative policies or commitments in interna-
tional agreements15–17. Previous studies have identified measures 
such as catch limits6,18, harvest control rules that specify how catch 
limits should vary with stock abundance19 and individual quotas18, 
which have helped to meet management targets. Although overall 
management intensity and comprehensive reforms generally aid in 
meeting objectives for target species3,4,7,14, there are also cases where 
fishing pressure was not reduced, and cases where fishing pressure 
was reduced but stocks nevertheless did not recover1,12,20. To identify 
the combinations of management actions most consistently effec-
tive at reducing overfishing and rebuilding depleted stocks, in this 
article we collate the multi-level management history of hundreds of 
individual stocks, and then assess which actions are most influential.
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Which management actions work best to prevent or halt overfishing and to rebuild depleted populations? A comprehensive 
evaluation of multiple, co-occurring management actions on the sustainability status of marine populations has been lacking. 
Here we compiled detailed management histories for 288 assessed fisheries from around the world (accounting for 45% of 
those with formal stock assessments) and used hierarchical time-series analyses to estimate effects of different management 
interventions on trends in stock status. Rebuilding plans, applied less commonly than other management measures (imple-
mented at some point historically for 43% of stocks), rapidly lowered fishing pressure towards target levels and emerged as the 
most important factor enabling overfished populations to recover. Additionally, the ratification of international fishing agree-
ments, and harvest control rules specifying how catch limits should vary with population biomass, helped to reduce overfishing 
and rebuild biomass. Notably, we found that benefits of management actions are cumulative—as more are implemented, stock 
status improves and predicted long-term catches increase. Thus, a broad suite of management measures at local, national and 
international levels appears to be key to sustaining fish populations and food production.
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Management histories of fished populations
Management histories for 288 well-studied stocks from 17 regions 
around the world covered a range of measures implemented at the 
stock level and at national/international levels (Supplementary 
Table 1). Use of stock-level measures increased steadily from low 
levels in 1950 (Fig. 1 and Supplementary Figs. 1–3). One of the key 
measures, rebuilding plans, involves fishery moratoria or substan-
tial reductions in allowable catches for stocks with depleted bio-
mass, typically used as an emergency measure. Rebuilding plans are 
incredibly diverse across stocks and regions in terms of the criteria 
that trigger implementation, the specific measures enacted under 
the plan and the degree to which those measures are enforced20. 
Rebuilding plans became more commonly used after the mid-1980s 
in most regions (particularly in the northeast and southeast United 

States, South Africa and New Zealand; Fig. 1b), and for the past 
two decades have been in place for roughly one-quarter of sampled 
stocks in any given year (Fig. 1a). Five additional measures have also 
been increasingly implemented: at least three-quarters of sampled 
stocks are currently managed using scientific surveys of fish abun-
dance, stock assessments, fleet-wide catch limits and harvest control 
rules; and half of sampled stocks are managed using individual quo-
tas, where fishing access is divided among vessels or other entities 
(Fig. 1a).

In contrast to the incremental addition of stock-level mea-
sures, nationally and internationally mandated measures are usu-
ally applied simultaneously for many stocks in a country or region 
(Fig. 1 and Supplementary Figs. 2 and 3). These measures include 
declaration of exclusive economic zones, primarily in the late 
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Fig. 1 | Implementation history of fisheries management measures for assessed stocks, showing steady increases globally over the past half century.  
a, Thick solid lines represent the proportion of stocks under a rebuilding plan (purple), and aggregate indices of management intensity at the stock  
level (blue) or national/international level (orange). Thin dotted/dashed lines show individual measures that comprise these aggregate indices.  
b, Region-specific proportions of stocks for the three thick solid lines in a. Numbers in parentheses show the number of stocks in analyses, and regions 
are ordered top to bottom by median U/UREF of stocks over their last five years of available data (lowest to highest). EEZ, exclusive economic zone; RFMO, 
Regional Fisheries Management Organization.
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1970s15; ratification of the Compliance Agreement of the Food 
and Agriculture Organization of the United Nations (UNCA)16 
or the UN Fish Stocks Agreement (UNFSA)17, mainly during the 
1990s; and major fishery legislation at the country or regional level, 
implemented mostly during the 1980s–1990s but varying by region 
(Supplementary Table 2 and Supplementary Discussion).

Treating management changes as policy interventions
We hypothesize that each of the management measures shown in 
Fig. 1 and described in Supplementary Table 1 should strongly influ-
ence the fishing pressure and biomass of stocks. Because the tim-
ing of implementation varies by stock and region (Supplementary 
Figs. 2 and 3 and Supplementary Discussion), each application of 
a management measure can be modelled as a policy intervention 
that affects fishing pressure (U, the annual fraction harvested) and, 
through U, indirectly affects stock biomass (B). Time series of U 
and B relative to fisheries management target reference points (UREF 
and BREF, which are usually related to maximum sustainable yield, 
MSY, or approximations of MSY) were assembled for 288 stocks 
from the RAM Legacy Stock Assessment Database (RAMLDB)21,22, 
with regional representation reflective of all assessed stocks from 
these regions (Supplementary Table 3). Fisheries on these 288 stocks 
accounted for 30% (mean, 23.8 million t) of all global marine catch 
from 1970 to 2017 (Supplementary Table 3). These stocks represent 
a variety of fish and invertebrate taxa, comprise both large and small 
populations, and are harvested by diverse gear types and industry 
structures.

For each stock, we examine the impact of rebuilding plans, an 
aggregate management intensity index of the other five stock-level 
measures and an index of the three national-level measures (Fig. 1). 
The two indices range from 0 to 1 (Supplementary Methods). To 
quantify influences of management interventions during the most 
relevant portion(s) of a stock’s fishing history, we partition time 
series of U/UREF and B/BREF into a ‘developing’ phase (with low fish-
ing pressure and catch) and a ‘mature’ phase (after development) 
(Fig. 2). Across stocks, levels of U/UREF and B/BREF varied widely 
at the start of available time-series data, at the start of the ‘mature’ 
phase and when individual management measures were first applied 
(Supplementary Table 4); analyses integrate over this variability in 
initial conditions of fishing pressure and biomass status.

Hierarchical autoregressive integrated moving average (ARIMA) 
time-series models (Methods) allow us to relate changes in U/UREF 
and B/BREF to the implementation of management measures. For 
any given stock and intervention, years before the intervention con-
tribute information to the baseline trend, and years after the inter-
vention contribute to the impacted trend. We use these models with 
verified temporal causality in U/UREF and B/BREF (Supplementary 
Note 1) to address three questions: (1) How do different types of 
management measures, fishery attributes and life-history traits 
affect trends in fishing pressure and biomass? (2) What are the 
short-term predicted responses in fishing pressure and biomass 
trends after implementing a combination of management mea-
sures? (3) What are the predicted equilibrium levels of fishing pres-
sure, biomass and fishery yield relative to targets under a given set 
of management conditions?

Results
The three subsections below directly correspond to research ques-
tions (1)–(3).

Management measures collectively meet objectives. Strong fish-
eries management reduced fishing pressure and increased bio-
mass towards their targets. In the absence of any management 
measures, on average U/UREF increased by 2.9–4.8% annually and 
B/BREF decreased by 3.1–4.4% annually during the ‘mature’ fishery 
phase across three taxonomic groups (Fig. 3). Incrementing either 

of the two management intensity indices slowed these trends, and 
if implemented along with a rebuilding plan, reversed these trends 
to reduce U/UREF (by 56.3–57.0% in the first year of a rebuilding 
plan and 4.9–6.6% annually thereafter) and increase B/BREF (by 
5.2–6.6% annually after the first year of a rebuilding plan). Across 
stocks, the mean magnitude of U/UREF was >1 and the mean magni-
tude of B/BREF was <1 during the ‘mature’ fishery phase; therefore, 
on average, these directional changes under management imply 
moving towards target ratios of 1. Rebuilding plans tended to be 
implemented when several other measures were already in place 
(Supplementary Fig. 4). With the influence of rebuilding plans sepa-
rated into immediate (first year) and persistent (all remaining years) 
components, for U/UREF the immediate effect was strongest, and for 
B/BREF the persistent effect was strongest (Fig. 1).

Influences of management on stock status were robust to 
alternative model structures and weighting assumptions. Aside 
from rebuilding plans, if components of management intensity 
indices are disaggregated for reanalysis, the individual mea-
sures with greatest influence on stock status were enacting the 
UNCA or UNFSA (negative effect on fishing pressure and posi-
tive effect on biomass); and harvest control rules (slight positive 
effect on biomass; Supplementary Fig. 5). Other management 
measures considered individually did not significantly affect 
fishing pressure or biomass trends (Supplementary Fig. 5), but 
still contributed to influence stock status via their inclusion in 
aggregate indices of management intensity (Fig. 3). If stocks are 
instead weighted by their maximum sustainable landed value (the 
product of MSY and average price, which both drive incentives 
for fishing23), the immediate decrease in fishing pressure from 
implementing a rebuilding plan was still the greatest effect overall 
(Supplementary Fig. 6), but was less pronounced than the effect 
under equal weighting (Fig. 3). The relative influence of the two 
management intensity indices on stock status differed slightly 
depending on whether stocks were equally weighted or weighted 
by landed value, but effects were similar in magnitude (Fig. 3 and 
Supplementary Fig. 6).

Compared with time-varying management attributes, the static 
fishery-related attributes and life-history traits generally had weaker 
associations with fishing pressure and biomass trends. The patterns 
that did emerge were that stocks in mixed-species fisheries had a 
slower increase in fishing pressure than stocks in single-species 
fisheries (Fig. 3), and later-maturing species had faster rates of bio-
mass decline during baseline periods and slower rates of biomass 
recovery after management measures were implemented. No sig-
nificant effects of landed value, body size or taxonomic group on 
trends in fishing pressure or biomass were observed, and other 
life-history variables were not included as predictors due to collin-
earity (Supplementary Fig. 7).

Rebuilding plans provide rapid turn-around. To address question 
(2), estimated parameters from fitted models were used to predict 
fishing pressure and biomass trends for nine years before and ten 
years after management interventions (Methods). Shortly before 
interventions, the modelled stock was overfished (U/UREF ≈ 2) and 
biomass was depleted (B/BREF ≈ 0.5; Fig. 4).

Rebuilding plans rapidly decreased fishing pressure and acceler-
ated the recovery of depleted stocks. By implementing a full suite 
of five stock-level management measures and a full suite of three 
national-level measures, the baseline increase in average fishing 
pressure was reversed, and the baseline decrease in average biomass 
was slowed (Fig. 4). By also implementing a rebuilding plan simulta-
neously, the model predicted that fishing pressure would be reduced 
sharply in the first year after implementation to below target levels 
(U/UREF < 1), and that biomass would increase to near targets within 
a ten-year projection period (Fig. 4). Scenarios with lower levels of 
stock-level and national-level management intensity had weaker 
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Fig. 2 | Stock status history relative to the timing of fisheries management interventions. Data for yellowtail flounder on the Grand Banks of 
Newfoundland (statistical area 3LNO) are shown as an example. Similar figures are provided for all 288 stocks in Supplementary Fig. 1. Panels show 
time series of relative biomass (B/BREF), relative fishing pressure (U/UREF) and catch. For this stock, B/BREF is best represented by total biomass relative 
to a benchmark based on maximum sustainable yield (TB/TBMSY), and U/UREF is best represented by the fishing mortality rate relative to an MSY-based 
benchmark (F/FMSY). Stock histories are partitioned into ‘developing’ (shaded green) and ‘mature’ fishery phases (Supplementary Methods). Years during 
which B/BREF < 0.5 are shaded light red. Years under a rebuilding plan are shown with purple hatching. Years when other management measures were first 
implemented are indicated by vertical dashed lines. Flounder image reproduced with permission from Fisheries and Oceans Canada.
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Fig. 3 | Effects of management, fishery and life-history attributes on annual changes in relative fishing pressure and relative biomass. Positive (or 
negative) coefficients reflect increasing (or decreasing) trends in fishing pressure (U/UREF, in green) and biomass (B/BREF, in purple) during the ‘mature’ 
fishery phase. The horizontal axis is broken for visual clarity because one coefficient differs substantially in magnitude from the others. The reference 
group for overall intercepts is ‘single-species fishery’, with the categorical ‘mixed-species fishery’ representing a difference from these intercepts. Thick 
and thin error bars represent standard errors and 95% confidence intervals, respectively.
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responses, but the effect of rebuilding plans on stock status trends 
remained strong across scenarios (Supplementary Fig. 8).

If the fitted model is based on stocks weighted by landed value 
instead of weighted equally, the immediate decrease in fishing pres-
sure following a rebuilding plan intervention was less pronounced, 
but the persistent increase in biomass under a rebuilding plan was 
stronger (Supplementary Fig. 8). There is considerable variability 
in the raw data around these mean predictions (Supplementary 
Fig. 9); nevertheless, among the nine individual management mea-
sures, the implementation of rebuilding plans had the strongest 
association with reduced fishing pressure and increased biomass 
(Supplementary Fig. 9).

Necessity of multi-level management approaches. To address 
question (3), long-term predictions of biomass and fishing pressure 
under a given management regime were obtained by additionally 
using B/BREF as a predictor for change in U/UREF, and U/UREF as a pre-
dictor for change in B/BREF, and then projecting U/UREF and B/BREF 
forward together to equilibrium (Methods). At this equilibrium, 
expected catch relative to MSY is given by B/BREF × U/UREF. During 
projections, rebuilding plans were assumed to activate when B/BREF 
fell to <0.5, and to deactivate when B/BREF increased to >1.

We found that strong fisheries management at both stock and 
national levels was required to prevent overfishing and main-
tain stocks at their most productive levels. Equilibrium predic-
tions of biomass, fishing pressure and catch were sensitive to both 
stock-level and national-level management intensity (Fig. 5). At the 
highest levels of management intensity (index values ≥0.75), equi-
librium biomass was greater than targets, fishing pressure was lower 

than targets and catches were near targets; rebuilding plans were 
unnecessary because mean biomass did not decline below activa-
tion levels. As one or both management indices decreased towards 
intermediate levels, equilibrium biomass and catch dropped to 
less than targets and fishing pressure increased to greater than tar-
gets. As the combined management intensity dropped further and 
crossed a threshold (into the shaded region of the right-most panel 
in Fig. 5), the equilibrium switched from a stable point to a cycle 
of periodic rebuilding plans (Supplementary Fig. 10), with biomass 
occasionally dropping below the activation threshold of 0.5BREF and 
then, under active rebuilding, increasing to >BREF at which point the 
rebuilding plan was deactivated.

The predicted proportion of time spent under rebuilding plans 
varied inversely with management intensity (Fig. 5; in practice, 
use of rebuilding plans usually coincides with moderate to high 
values of management intensity, Supplementary Fig. 4). During 
these cycles, average catch remained relatively high, ∼0.75MSY, but 
this was obtained only by applying high average fishing pressures 
(U/UREF ≈ 1.5) to low average biomass (B/BREF ≈ 0.5), through cycles 
of alternating overfishing and rebuilding periods. In the absence of 
rebuilding plans at low to moderate levels of management intensity, 
stocks would be depleted and average catches would be lower.

Discussion
Among commonly used management measures, rebuilding 
plans had the strongest effect overall on changes in stock status. 
Implementing a rebuilding plan resulted in rapid drops in fishing 
pressure, from overfishing in one year to below targets in the next, 
and accelerated the rebuilding process of depleted stocks in our 
short-term projections. While previous studies have described the 
effectiveness of rebuilding plans in specific regions20,24, our global 
analysis revealed the great extent to which they outperformed 
other individual management actions. This stronger response 
compared to other measures might be expected given that rebuild-
ing plans are typically implemented when fishing pressure is high 
and biomass is depleted (Supplementary Table 4), leaving much 
room for improving stock status. Specific criteria for implement-
ing a rebuilding plan, and targets for recovery, vary among fisher-
ies and regions. Rebuilding plans have usually been implemented 
when levels of management intensity were already moderate or high 
(Supplementary Fig. 4), and multiple measures may be incorpo-
rated into a rebuilding plan that includes sharp reductions in catch 
or effort limits; setting and enforcement of bycatch limits for the 
species; expansion of temporal or spatial closures; and gear restric-
tions to reduce discards. As part of a rebuilding plan ‘package’, these 
and other measures have usually resulted in depleted stocks recov-
ering. Biomass increased for over three-quarters of the stocks in 
our dataset for which rebuilding plans were in place for at least five 
of the last ten years of available data (n = 69 of 88; Supplementary 
Fig. 1). When stocks did not show signs of biomass increase despite 
being under rebuilding plans (n = 19), this was typically because the 
rebuilding plan had failed to halt overfishing (n = 14; that is, fishing 
pressures were >UREF targets in most or all years during this period), 
supporting previous findings12,20. Although rebuilding plans have 
not always led to populations recovering to target levels20, in most 
cases they have succeeded through reductions in fishing pressure 
that stemmed from substantial reductions in catch or effort lim-
its2,6,25. Indeed, the two regions in our dataset with greatest median 
U/UREF recently (Mediterranean/Black Seas and West Africa) are 
also the only two regions without any history of rebuilding plans 
implemented (Fig. 1b and Supplementary Discussion). Some of the 
failures of depleted stocks to recover can also result from changes in 
environmental conditions26,27.

Apart from rebuilding plans, other stock-level and national-level 
measures contributed to regulating fishing pressure and rebuild-
ing biomass. Notably, when multiple measures were implemented 
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together to strengthen overall management intensity, the need for 
rebuilding plans was avoided (because the modelled stock at equilib-
rium was never overfished), consistent with previous suggestions for 
avoiding strict fishing moratoria24,28. The effect on stock status was 
particularly strong from enacting either the UNCA or the UNFSA 
(Supplementary Fig. 5). This was surprising because these agree-
ments do not apply directly to the many stocks in our dataset that 
are caught entirely within the waters of a single country, whereas the 
agreements address illegal and unreported fishing on the high seas 
and management of transboundary stocks. The observed influence 
of the UN agreements might reflect countries generally intensify-
ing their fisheries management approaches as they simultaneously 
instituted changes for transboundary or high-seas stocks in the 
mid-1990s. The non-binding Food and Agriculture Organization 
Code of Conduct for Responsible Fisheries was also introduced 
around the same time, embodying many of the same principles as 
the UNFSA and the UN Convention on the Law of the Sea15, and 
further encouraged the strengthening of fisheries management 
in domestic waters. In turn, the engagement of countries in these 
international agreements was enabled by their management capac-
ity, which had already been gradually developing over preceding 
decades.

Effects of management measures on stock status trends were 
stronger when considered in aggregate (Fig. 3) than individually 
(Supplementary Fig. 5), as found previously29. This suggests that 
comprehensive management systems with multiple measures in 
place provide greater opportunities and mechanisms for meeting 
objectives. This result further implies that of the many individual 
measures available to fisheries managers, there is no one-size-fits-all 
solution, underscoring the need for local management approaches 
to be tailored to each fishery’s biological and socioeconomic context.

In the long term, a wide range of combinations of stock biomass 
and fishing pressures will often produce annual yield near MSY30. 
Likewise, equilibrium projections showed that during cycles of 
overfishing and rebuilding, a wide range of management inten-
sity levels produced similar levels of equilibrium catch on average, 
∼0.75MSY (Fig. 5), at the cost of low biomass and high interannual 
variability in catch (Supplementary Fig. 10). Although fluctuations  

in stock biomass and catch due to environmental changes are 
unavoidable for some species26,27, large fluctuations that result from 
controllable management policies increase the risk of stock col-
lapse and result in poorer socioeconomic outcomes due to their 
boom-and-bust nature. Our equilibrium projections suggest that 
strong management at both stock and national levels (for example, 
four of five stock-level measures and all three national-level mea-
sures implemented) can avoid these unnecessary cycles, generate 
higher average annual yield and also reduce interannual variability 
in yield, consistent with previous findings8–10,18.

The regions included in our analysis tend to contain well-studied 
stocks and have high management capacity compared with others 
around the world, yet even in these regions there are many stocks 
that could not be included because they lack scientific estimates of 
biomass or fishing pressure. Larger and more valuable stocks are 
disproportionately fished23, scientifically studied31 and managed, 
and therefore smaller or less valuable stocks were less likely to be 
included here. Furthermore, over half the world’s landings from 
capture fisheries come from regions with more limited capacity for 
research and management, in which formal stock assessments are 
rarely conducted7,13,14. These regions, which lacked the status esti-
mates to be included in our analysis, are typically of greater concern 
for poor and worsening stock status7,13.

The management approaches that can attain the best possible 
outcomes in a given fishery depend on goals and on resources, which 
differ especially among regions varying in management capacity29. 
The intensive measures that have proven successful in attaining 
stock status objectives within our sample may not be feasible in 
regions without the infrastructure to conduct surveys or monitor 
stock-level catch by fleet or by individual vessel13. In those regions, 
typical measures include fleet size controls, area-based regulations 
of access for different fleets and seasonal closures. These are usually 
not tailored to individual stocks, and may better align with objec-
tives of maintaining multi-species aggregate catches rather than the 
status of any constituent stock. Nevertheless, the insights of this 
study extend to aggregate catch measures: limiting fishing effort is 
expected to maintain fishery resources at productive levels, or to 
rebuild them back to these levels. Effective fisheries management 
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Fig. 5 | Equilibrium predictions at different combinations of stock-level and national-level management intensity. Predictions are shown for mean scaled 
relative biomass (B/BREF), mean relative fishing pressure (U/UREF), mean relative catch (catch/MSY) and the proportion of years spent under rebuilding plans 
for an average stock. White isoclines in the first two panels represent management target ratios of 1. For each panel, conditions generally considered as less 
desirable with respect to management targets are indicated. Crosses show combinations of stock-level and national-level management intensity at which 
representative equilibrium time series were extracted for Supplementary Fig. 10.
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requires engaging at national, stock and fleet levels, and responding 
to changes in stock status or relative abundance with appropriate 
interventions.

Methods
This section describes model specifications and procedures for fitting ARIMA 
models to stock status and fisheries management data. ARIMA models, a form 
of time-series analysis, have been commonly used in fisheries applications to 
forecast landings or abundance32,33. Implementing a management measure can 
be considered a policy intervention that potentially affects stock status, that 
is, fishing pressure and biomass relative to target reference points (U/UREF and 
B/BREF). These possible effects were evaluated using ARIMA models, in this 
case not for forecasting but for attributing changes over time in stock status to 
management actions. The models are hierarchical, integrating effects across stocks 
while assuming stock-level random effects, and account for autoregressive and 
moving-average components in their correlation structures.

Management measures are not implemented randomly, but typically when 
undesirable trends are detected6,25,34 or as social context changes35. Although 
temporal causality in the response variables was verified (Supplementary Note 1), 
our analysis does not account for the non-random implementation of management 
measures, that is, for self-selection bias. Propensities for implementing single 
measures have been quantified in other studies to account for non-random 
implementation18,31. For multiple measures analysed simultaneously, however, 
identifying suitable control stocks without management is prohibitive; stocks 
with less-intensive management also tend to have unknown trends in biomass 
and fishing pressure. Instead, information about the absence or presence of 
a management measure is provided by the pre- or post-intervention periods, 
respectively.

The following three subsections below directly correspond to research 
questions (1)–(3), and directly correspond to the three Results subsections. The 
Supplementary Methods describes the input data, data preparation procedures, 
pre-modelling diagnostics and sensitivity analyses conducted. Supplementary 
Tables 5 and 6 provide additional details for pre-modelling diagnostics, 
Supplementary Table 7 summarizes model fit diagnostics, while Supplementary 
Table 8 and Supplementary Note 2 provide additional details for sensitivity 
analyses.

Base model for stock status trends. To address question (1), a base model 
was constructed to evaluate the relative influence of management, fishery and 
life-history attributes on stock status trends. Response variables yt,j are first-order 
differenced time series of ln(U/UREF)t→t+1,j or ln(B/BREF)t→t+1,j representing the 
change from year t to year t + 1 for stock j. Positive values reflect increases over 
time in U/UREF or B/BREF, and negative values reflect decreases. Response variables 
were modelled as:

yt;j ¼ β0 þ b1;Taxonj þ b2;SingMixj þ b3AM50j þ b4LMAXj

þb5MSLVj þ b6Rebimmediatet;j þ b7Rebpersistentt�1;j

þb8Mgmtstockt;j þ b9Mgmtnationalt;j þ βj þ εt;j

βj  Nð0; σ2stockÞ

εt;j ¼
Pp

m¼1
ϕmyt�m;j þ

Pq

n¼1
θnϵt�n;j þ ϵt;j

ϵt;j  Nð0; σ2Þ

ð1Þ

Among fixed-effect coefficients (first line of equation (1)), life-history or 
fishery-related variables (b1–b5) are static quantities, and management variables 
(b6–b9) are time varying. Taxonj is the three-level categorical variable of broad 
taxonomic groups, with two estimated parameters representing differences from 
the overall intercept. (For plotting in Fig. 3, these were instead shown as three 
overall intercepts.) SingMixj is the single or mixed-species fishery categorical 
variable, with ‘mixed-species’ representing a difference from the overall intercept 
which represents the reference category ‘single-species’. The life-history variables 
included are age at 50% maturity (AM50j

I
) and maximum body length (LMAXj

I
). 

MSLVj is the maximum sustainable landed value, the product of MSY and average 
ex-vessel price.

In actuality, any management action lies on a continuum ranging from weak 
to strong, but for tractability in our analysis, we treat one management measure 
(rebuilding plans) as a binary category in any given year and other management 
measures as binary categories that increment a persistent management intensity 
index. Predictor variables for rebuilding plans assume a value of 1 only during 
the years in which rebuilding plans were active, and 0 in other years. Rebuilding 
plan effects (b6 and b7) are separated into a component that operates only in the 
year of implementation, Rebimmediatet;j

I
, and a component that operates in all years 

after the first year while the rebuilding plan is still active, Rebpersistentt�1;j

I
. With 

annual timesteps, yt,j is affected by Rebimmediatet;j

I
 in year t and by Rebpersistentt�1;j

I
 

from previous years (in other words, there is a ≥1 year lag in the effect of 
Rebperisistent on y). This approach for rebuilding plans differs from the approach 
used for management intensity index variables Mgmtstockt;j

I

 and Mgmtnationalt;j
I

, 

for which only persistent effects were assumed to occur, beginning in the year of 
implementing a management measure and persisting thereafter.

The random effect term βj (second line of equation (1)) represents 
stock-specific differences from the overall intercept β0. The correlation structure 
function is specified by εt,j (third line of equation (1)): the first term represents the 
autoregressive component, with number of lag terms equal to p; the second term 
represents the moving average component, with number of propagating noise 
terms equal to q; and the third term ϵt;j

I
 is a homoscedastic noise term centred at 

zero36,37. In an ARIMA(1,1,1) structure (Supplementary Methods), there is one 
ϕ autocorrelation parameter and one θ moving-average correlation parameter to 
estimate, applying the same grouping structure as assumed for the random effect 
terms37. Within-group error ϵt;j

I
 in the natural-log-transformed ratios (fourth line 

of equation (1)) is assumed to be normally distributed and independent of the 
random effects. After applying filters for surplus production fits and time-series 
duration, sample sizes were 284 stocks for U/UREF and 280 stocks for B/BREF.

The above model structure (equation (1)) was used for the results shown 
in Fig. 3. An alternative model formulation was also considered, in which the 
five components of the stock-level management intensity index and the three 
components of the national-level management intensity index were considered as 
predictor variables individually instead of including the two aggregated indices 
of management intensity. This required estimating 17 instead of 11 fixed-effect 
parameters, as eight management measures replaced the two indices b8 and b9. The 
results for this alternative structure are shown in Supplementary Fig. 5.

Two weighting schemes were considered. In the main text results and Fig. 3, 
stocks were equally weighted. In Supplementary Fig. 6, stocks were weighted by 
MSLV in millions of US dollars, giving greater weight to more valuable fisheries. 
Additionally, two regional-level weighting schemes were considered, with sample 
weights proportional to the number of stocks with available stock assessments in 
each region (Supplementary Note 2).

Model diagnostics were checked to ensure proper model fitting. These included 
plotting histograms of response variables (ln(U/UREF)t→t+1 and ln(B/BREF)t→t+1) after 
calculating first-order differences, to assess assumptions of normality; plotting 
residuals of model fits for response variables to identify possible non-linear 
patterns or heteroscedastic variances; and calculating variance inflation factors 
to assess potential collinearity of predictors38. Diagnostics were generated for 
both the ‘mature’ fishery phase and the full time series. Based on the variance 
inflation factor results, only two life-history variables were included in analyses 
(Supplementary Methods and Supplementary Fig. 7). Other diagnostics showed 
little reason for concern about possible violations of model assumptions.

All ARIMA(1,1,1) models (equation (1) above, as well as equations (2) and 
(3) outlined below) were fit to data by maximizing the restricted maximum 
likelihood37. The lme() function from the R package ‘nlme’39 was used for all 
model fits, using first-order differenced time series as the response variables 
and specifying an ARMA(1,1) correlation structure (which is equivalent to an 
ARIMA(1,1,1) structure with undifferenced time series). ‘Stock’ was treated as a 
grouping variable for both the correlation structure and random intercepts βj. In 
all analyses, a minimum of ten years of data for a given stock and response variable 
were required for inclusion in analyses.

Predicting short-term responses to management. To predict short-term changes 
in U/UREF and B/BREF following the implementation of management measures, 
a model similar to the base model in research question (1) was fit to data, and 
estimated coefficients were subsequently used to project baseline trends (before 
intervention) and impacted trends (after intervention). The model, requiring eight 
fixed-effect parameters to be estimated, was identical to equation (1) without terms 
b1;Taxonj
I

 and b2;SingMixj

I
:

yt;j ¼ β0 þ b1AM50j þ b2LMAXj þ b3MSLVj þ b4Rebimmediatet;j

þb5Rebpersistentt�1;j
þ b6Mgmtstockt;j þ b7Mgmtnationalt;jþβj þ εt;j

βj  Nð0; σ2stockÞ

εt;j ¼
Pp

m¼1
ϕmyt�m;j þ

Pq

n¼1
θnϵt�n;j þ ϵt;j

ϵt;j  Nð0; σ2Þ

ð2Þ

This modification allowed us to predict changes in stock status trends  
for an average stock across all three taxonomic groups and both fishery  
types. Like the base model, this model assumes that aggregate management 
intensity indices have a persistent effect on stock status for all years during and 
following the intervention, whereas the effect of rebuilding plans is separated  
into immediate and persistent components. Similar to analysis of the base model, 
two weighting schemes were evaluated: stocks weighted equally and stocks 
weighted by MSLV.

After fitting the model to time-series data during the ‘mature’ fishery phase, 
estimated coefficients from equation (2) were used to project U/UREF and B/BREF 
forward 20 years. For the first nine years of projections, no management measures 
were active, representing a baseline scenario. In the tenth year (labelled as year 0 in 
Fig. 4 and Supplementary Fig. 8), a set of management measures was implemented 
and remained in place for the following ten years. Three scenarios were considered 
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to represent low, medium or high levels of management intensity. These 
scenarios involved implementing one, three or five (of five possible) stock-level 
management measures along with one, two or three (of three possible) national/
international-level measures, all implemented in year 0. For each of these three 
levels of management intensity, a rebuilding plan is either also implemented, or not 
implemented, in year 0 (Supplementary Fig. 8). The high-intensity scenario, either 
with or without rebuilding plans, is shown in Fig. 4.

Initial values of U/UREF and B/BREF used in projections were specified to 
represent typical states of overfishing and biomass depletion. These were calculated 
as the mean values across all stocks of U/UREF and B/BREF observed during years 
when stocks were under rebuilding plans. Means were first calculated for each 
stock, and the mean of means was then calculated across stocks. These overall 
means were calculated as U/UREF = 1.45 and B/BREF = 0.65, which were used as 
initial values, shown in year –9 in Fig. 4 and Supplementary Fig. 8.

After the initial year, values for following years were obtained by adding the 
predicted annual change in the variable, yt, to the value from the preceding year. 
In the first nine years of projections, values of all management variables were set 
to 0 to calculate yt, producing the baseline trends seen in Fig. 4 and Supplementary 
Fig. 8. By the end of this pre-management period, U/UREF had increased to nearly 
2, and B/BREF had decreased to below 0.5. Management intensity variables were 
activated in year 0 and remained in place thereafter. By activating, the values of 
the stock-level management index switched from 0 to 0.2, 0.6 or 1 in the low-, 
medium- and high-intensity scenarios, respectively. Likewise, in year 0 the values 
of the national-level index switched from 0 to 1/3, 2/3 or 1 in the three scenarios. 
For rebuilding plans specifically, Rebimmediatet

I
 affects stock status in year 0 → 1, so 

the variable’s value switched from 0 to 1 in year 0, and then switched back to 0 after 
the first year. Similarly, Rebpersistentt�1

I
 affects stock status in years after the first year, 

so the variable’s value remained at 0 in year 0, and then switched to 1 in year 1 and 
remained at a value of 1 thereafter.

Total uncertainty around projected trends was estimated from the variances 
of four individual components. The first two were constant over the 20 year 
projection, the third was constant at one value for the first ten years and constant 
at a different value for the last ten years and the fourth component increased 
gradually over time because annual predicted changes yt are cumulative over the 
projection period, updating values of U/UREF and B/BREF each year:

	(1)	 One thousand random draws of fixed-effect parameters were resampled from 
a multivariate normal distribution of the covariance matrix for fixed-effect 
coefficients, accounting for covariances among fixed effects. Predicted values 
of yt were generated for each sampled set of parameter values, and the vari-
ance across yt predictions was calculated. Only applicable fixed effects were 
considered; for scenarios without rebuilding plans, parameter values for 
b4Rebimmediatet
I

 and b5Rebpersistentt�1

I
 were omitted.

	(2)	 The variance of the random effect, σ2stock
I

 (stock-level differences from the 
overall intercept for y, β0), was extracted from model fit outputs.

	(3)	 Variances and covariances of fixed effects were extracted from the covariance 
matrix of the fitted model and summed. For the first ten years, only variances 
corresponding to non-management parameters (β0, b1, b2, b3) were included 
in the sum. For the last ten years, terms corresponding to applicable manage-
ment parameters were also included in the sum.

	(4)	 Annual variances over the 20 year period were assumed to increase because 
values of U/UREF and B/BREF in each year incremented with the added yt. This 
incremental variance began at 0 in the year (–9) of initial conditions. For 
the next nine years of the pre-management period, the estimated variance 
of the overall intercept β0 was added to the previous year’s incremental vari-
ance component. For the last ten years, in the post-intervention period, the 
estimated variance associated with applicable management parameters was 
also added incrementally each year along with the variance of the overall 
intercept.

The largest variance component was the post-implementation period of (3). 
Variances of the four individual components were summed, and 95% confidence 
limits were calculated from the resulting total variance. These confidence limits 
were back-transformed from log space and are shown in Fig. 4 and Supplementary 
Fig. 8.

While Fig. 4 and Supplementary Fig. 8 show predictions resulting from the 
above fitted model (equation (2)), Supplementary Fig. 9 shows raw data for 
individual stocks in a similar format. Time series of U/UREF and B/BREF for each 
stock are shifted so that the year in which a given management measure was 
implemented aligns with year 0.

Predicting equilibrium responses to management. To predict long-term 
equilibrium states in U/UREF and B/BREF under a specified set of management 
conditions, a model similar to the base model in research question (1) was fit to 
data, estimated coefficients were used to predict annual changes in these variables 
and coupled projections of these predicted changes were together run out to 
equilibrium.

Changes in fishing pressure and biomass are influenced not only by 
management measures, but also by one another40, as fishing pressure (that is, 
exploitation rate) is a proportion of the biomass, and biomass responds to fishing. 

The magnitude of B/BREF was considered as another predictor of ln(U/UREF)t→t+1, 
and the magnitude of U/UREF was considered as another predictor of ln(B/BREF)t→t+1. 
Predictions for annual change in U/UREF feed into the function for predicting 
annual change in B/BREF, which in turn feed back again into the following year’s 
predictions for annual change in U/UREF. This proceeds until equilibrium is 
reached. Coupling these functions for change allows for generating equilibrium 
(*) predictions of (U/UREF)*, (B/BREF)*, and their product, (catch/MSY)*. Predicted 
equilibrium values depend on the selected values for stock-level and national-level 
management intensity, which were held fixed. We assume stationarity in 
stock-recruitment and production relationships throughout these projections.

Coefficients were estimated from the following model, which builds on 
equation (2):

yt;j ¼ β0 þ b1AM50j þ b2LMAXj þ b3MSLVj þ b4Rebimmediatet;j

þb5Rebpersistentt�1;j þ b6Mgmtstockt;j þ b7Mgmtnationalt;j þ b8 B
BREFt;j

þb9 B
BREFt;j

 2

þb10Mgmtstockt;j : Mgmtnationalt;j þ βj þ εt;j

βj  Nð0; σ2stockÞ

εt;j ¼
Pp

m¼1
ϕmyt�m;j þ

Pq

n¼1
θnϵt�n;j þ ϵt;j

ϵt;j  Nð0; σ2Þ

ð3Þ

The above model for ln(U/UREF)t→t+1,j (with predictor terms B/BREF) was coupled 
with the similar model for ln(B/BREF)t→t+1,j (with predictor terms for U/UREF instead 
of B/BREF). Quadratic predictor terms (b9) were included to allow for non-linearities 
in the values below and above target levels of 1. Again, the categorical fixed effects 
Taxon (taxonomic group) and SingMix (single or mixed-species fishery) used 
in the base model were omitted here, which allowed for making equilibrium 
predictions for an average stock across these groups. Combinations of stock-level 
and national-level management intensity values between 0 and 1 were selected and 
held fixed throughout projections, and the interaction between these two indices 
was included in the model (b10) to allow for possibilities of redundancy between 
them. This model is most suitable for the full time series of each stock, including 
the ‘developing’ phase, because this allows for a greater range of U/UREF and B/BREF 
magnitudes and thus more reliable model fits with the greater contrast provided. 
The dataset for fitting equation (3) included 277 stocks that had B/BREF and U/UREF 
data both available (the remaining 11 of 288 stocks had one or the other time series 
missing).

Presence/absence of a rebuilding plan was not held fixed during projections, 
but was instead modelled as responding to predicted biomass, activating  
when B/BREF decreased below 0.5, and deactivating when B/BREF increased to  
above 1. Equilibrium may thus consist of a stable cycle during which rebuilding 
plans alternate between periods of activity and inactivity. In practice, it would  
be unlikely that rebuilding plans would be implemented at stock-level  
management intensity ∼0 or national-level management intensity ∼0 
(Supplementary Fig. 4), but for consistency, we did not impose additional 
restrictions on the conditions under which rebuilding plans would activate. Once 
activated, the term Rebimmediate affected predictions in the first year of the rebuilding 
plan and Rebpersistent affected predictions in years thereafter (with one exception, see 
next paragraph).

Because (U/UREF)* and (B/BREF)* were generated from coupled statistical models 
and not from a population dynamics model, there are no inherent negative feedback 
mechanisms operating, so three adjustments were made to ensure more realistic 
projections of these variables. First, if the decrease in U/UREF in the first year of a 
rebuilding plan was insufficient to reduce U/UREF < 1, then Rebimmediate was applied for 
a second year to ensure U/UREF fell to <1. This avoided unrealistic scenarios in which 
U/UREF increased without limit while under a rebuilding plan, never falling to <1, 
because the estimated coefficient for Rebpersistent was slightly positive.

Second, a logistic growth adjustment was applied to predicted biomass to 
prevent unrealistically high biomass increases in cases where biomass might 
approach carrying capacity:

B
BREFtþ1

¼ e
ln B

BREF t

 
þyt

 
þ rMAX

B
BREFt

 
1�

B
BREFt

2

 !
ð4Þ

The first term represents the updated relative biomass from the statistical 
model, in which yt is the predicted annual change in ln-biomass under the given 
management regime and magnitude of (U/UREF)t. The second term is the logistic 
growth model applied, assuming the carrying capacity is 2BREF (hence 2 in the 
denominator) and average intrinsic growth rate rMAX = 0.0437. This value for rMAX 
was estimated across stocks over their full time series by calculating the change in 
B from a fitted model while fixing U/UREF to 0 and omitting management variables. 
After reaching equilibrium, ln((U/UREF)*) and ln((B/BREF)*) were exponentiated.

Third, the equilibrium value of (B/BREF)* was scaled to ensure closer 
correspondence with (U/UREF)*, as small (U/UREF)* are typically associated with 
large (B/BREF)* and vice versa. The scaling factor simultaneously incorporated the 
maximum value of (B/BREF)* paired with the minimum value of (U/UREF)*, and the 
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minimum value of (B/BREF)* paired with the maximum value of (U/UREF)*, across 
all possible combinations k of stock-level and national-level management intensity:

B*

BREFscaled
¼ B*

BREF
max
k

B*

BREF

� �
´ min

k

U *

UREF

� �� �
max
k

U *

UREF

� �
´ min

k

B*

BREF

� �� �

ð5Þ
Equilibrium values of (catch/MSY)* were calculated as the product of (U/UREF)* 

and ðB=BREFÞ*scaled
I

. The above model structure (equations (3)–(5)) was used for the 
results shown in Fig. 5; asterisks are omitted in the main text and figures.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
Stock assessment data are compiled in RAMLDB (version 4.491-mdl-fits)22, which 
is publicly available at https://zenodo.org/record/3877545.

Code availability
All data input files and code to reproduce analyses are publicly available at https://
github.com/mcmelnychuk/MCM-NatSust_2020-12-05.

Received: 23 July 2020; Accepted: 20 November 2020;  
Published: xx xx xxxx

References
	1.	 Worm, B. et al. Rebuilding global fisheries. Science 325, 578–585 (2009).
	2.	 Fernandes, P. G. & Cook, R. M. Reversal of fish stock decline in the northeast 

Atlantic. Curr. Biol. 23, 1432–1437 (2013).
	3.	 Costello, C. et al. Global fishery prospects under contrasting management 

regimes. Proc. Natl Acad. Sci. USA 113, 5125–5129 (2016).
	4.	 Hilborn, R. et al. Effective fisheries management instrumental in improving 

fish stock status. Proc. Natl Acad. Sci. USA 117, 2218–2224 (2020).
	5.	 Osio, G. C., Orio, A. & Millar, C. P. Assessing the vulnerability of 

Mediterranean demersal stocks and predicting exploitation status of 
un-assessed stocks. Fish. Res. 171, 110–121 (2015).

	6.	 Pons, M. et al. Effects of biological, economic and management factors on 
tuna and billfish stock status. Fish. Fish. 18, 1–27 (2017).

	7.	 Melnychuk, M. C., Peterson, E., Elliott, M. & Hilborn, R. Fisheries 
management impacts on target species status. Proc. Natl Acad. Sci. USA 114, 
178–183 (2017).

	8.	 Essington, T. E. et al. Catch shares, fisheries, and ecological stewardship: a 
comparative analysis of resource responses to a rights-based policy 
instrument. Conserv. Lett. 5, 186–195 (2012).

	9.	 Melnychuk, M. C., Banobi, J. A. & Hilborn, R. Effects of management tactics 
on meeting conservation objectives for western North American groundfish 
fisheries. PLoS ONE 8, 1–15 (2013).

	10.	Melnychuk, M. C. et al. Which design elements of individual quota fisheries 
help to achieve management objectives? Fish. Fish. 17, 126–142 (2016).

	11.	Pons, M., Melnychuk, M. C. & Hilborn, R. Management effectiveness of large 
pelagic fisheries in the high seas. Fish. Fish. 19, 260–270 (2018).

	12.	Neubauer, P., Jensen, O. P., Hutchings, J. A. & Baum, J. K. Resilience  
and recovery of overexploited marine populations. Science 340,  
347–349 (2013).

	13.	Ye, Y. & Gutierrez, N. L. Ending fishery overexploitation by expanding  
from local successes to globalized solutions. Nat. Ecol. Evol. 1,  
0179 (2017).

	14.	Costello, C. et al. The future of food from the sea. Nature https://doi.
org/10.1038/s41586-020-2616-y (2020).

	15.	Convention on the Law of the Sea (UN General Assembly, 1982).
	16.	Agreement to Promote Compliance with International Conservation and 

Management Measures by Fishing Vessels on the High Seas (Food and 
Agriculture Organization of the United Nations, 1995).

	17.	Agreement for the Implementation of the Provisions of the United Nations 
Convention on the Law of the Sea of 10 December 1982 relating to the 
Conservation and Management of Straddling Fish Stocks and Highly  
Migratory Fish Stocks (Food and Agriculture Organization of the United 
Nations, 1995).

	18.	Melnychuk, M. C. et al. Can catch share fisheries better track management 
targets? Fish. Fish. 13, 267–290 (2012).

	19.	Deroba, J. J. & Bence, J. R. A review of harvest policies: understanding 
relative performance of control rules. Fish. Res. 94, 210–223 (2008).

	20.	Murawski, S. A. Rebuilding depleted fish stocks: the good, the bad, and, 
mostly, the ugly. ICES J. Mar. Sci. 67, 1830–1840 (2010).

	21.	Ricard, D., Minto, C., Jensen, O. P. & Baum, J. K. Examining the knowledge 
base and status of commercially exploited marine species with the RAM 
Legacy Stock Assessment Database. Fish. Fish. 13, 380–398 (2012).

	22.	RAM Legacy Stock Assessment Database, version 4.491-mdl-fits. Zenodo 
https://doi.org/10.5281/zenodo.3877545 (2019).

	23.	Sethi, S. A., Branch, T. A. & Watson, R. Global fishery development patterns 
are driven by profit but not trophic level. Proc. Natl Acad. Sci. USA 107, 
12163–12167 (2010).

	24.	Benson, A. J., Cooper, A. B. & Carruthers, T. R. An evaluation of rebuilding 
policies for US fisheries. PLoS ONE 11, e0146278 (2016).

	25.	Cardinale, M. et al. Rebuilding EU fish stocks and fisheries, a process under 
way? Mar. Policy 39, 43–52 (2013).

	26.	Bell, R. J. et al. Rebuilding in the face of climate change. Can. J. Fish. Aquat. 
Sci. 75, 1405–1414 (2017).

	27.	Britten, G. L., Dowd, M., Kanary, L. & Worm, B. Extended fisheries recovery 
timelines in a changing environment. Nat. Commun. 8, 15325 (2017).

	28.	Hillary, R. M. et al. A scientific alternative to moratoria for rebuilding 
depleted international tuna stocks. Fish. Fish. 17, 469–482 (2016).

	29.	Gutierrez, N. L., Hilborn, R. & Defeo, O. Leadership, social capital and 
incentives promote successful fisheries. Nature 470, 386–389 (2011).

	30.	Hilborn, R. Pretty good yield and exploited fishes. Mar. Policy 34, 193–196 
(2010).

	31.	Neubauer, P., Thorson, J. T., Melnychuk, M. C., Methot, R. & Blackhart, K. 
Drivers and rates of stock assessments in the United States. PLoS ONE 13, 
e0196483 (2018).

	32.	Lloret, J., Lleonart, J. & Solé, I. Time series modelling of landings in 
northwest Mediterranean Sea. ICES J. Mar. Sci. 57, 171–184 (2000).

	33.	Gutiérrez-Estrada, J. C., Sanz-Fernández, V., Pulido-Calvo, I. & Gil-Herrera, J. 
Improving the interpretability of the effects of environmental factors on 
abundance of fish stocks. Ecol. Indic. 117, 106533 (2020).

	34.	Methot, R. D., Tromble, G. R., Lambert, D. M. & Greene, K. E. Implementing 
a science-based system for preventing overfishing and guiding sustainable 
fisheries in the United States. ICES J. Mar. Sci. 71, 183–194 (2014).

	35.	Pascoe, S. et al. Developing harvest strategies to achieve ecological, economic 
and social sustainability in multi-sector fisheries. Sustainability 11, 644 
(2019).

	36.	Hyndman, R. J. & Athanasopoulos, G. Forecasting: Principles and Practice 
(OTexts, 2018).

	37.	Pinheiro, J. C. & Bates, D. M. Mixed-effects Models in S and S-PLUS (Springer, 
2000).

	38.	Zuur, A. F., Ieno, E. N. & Elphick, C. S. A protocol for data 
exploration to avoid common statistical problems. Methods Ecol. Evol. 1,  

3–14 (2010).
	39.	Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D. & R Core Team nlme: linear and 

nonlinear mixed effects models. R package version 3.1-149 (2019).
	40.	Szuwalski, C. S. & Thorson, J. T. Global fishery dynamics are poorly predicted 

by classical models. Fish Fish. 18, 1085–1095 (2017).

Acknowledgements
Fisheries experts who graciously provided management-related information are listed in 
Supplementary Note 3. Many other scientists generously contributed data to RAMLDB. 
C. Costello provided helpful comments on the manuscript. J. Sanders, D. Ovando,  
H. Bassett, A. Faraj, S. Segurado and J. Wilson provided valuable feedback. Fisheries 
and Oceans Canada granted permission to reproduce the flounder illustration in the 
Fig. 2 inset. This work was supported by the Science for Nature and People Partnership 
programme (working group ‘Fisheries Measures’) from the National Center for 
Ecological Analysis and Synthesis, which was funded by the Nature Conservancy and 
the Wildlife Conservation Society. RAMLDB has been supported by funding from the 
Walton Family Foundation and a consortium of Seattle fishing companies. T.A.B. was 
funded in part by the Richard C. and Lois M. Worthington Endowed Professorship in 
Fisheries Management. The scientific results and conclusions, as well as any views or 
opinions expressed herein, are those of the authors and do not necessarily reflect those of 
NOAA or the US Department of Commerce.

Author contributions
Specific contributions made by each author are listed by role, following the Contributor 
Roles Taxonomy (CRediT) model. Conceptualization: M.C.M., H.K., P.M.M., C.M., 
O.P.J., C.L.d.M., A.M.P., T.A.B., C.M.A., C.S.S., J.K.B., T.R.M., Y.Y., R.H. Data curation: 
M.C.M., D.H. Formal analysis: M.C.M., C.M., D.H. Funding acquisition: R.H. 
Investigation: M.C.M., H.K., P.M.M., M.P., C.M., G.C.O., O.P.J., C.L.d.M., A.M.P., L.R.L., 
D.H., C.E.A., N.B., R.O.A., J.K.B., T.R.M., A.L., J.B., G.G.T., J.D., A.M., B.B., E.W., J.R. 
Methodology: M.C.M., C.M., O.P.J., A.M.P., T.A.B., C.S.S., R.H. Project administration: 
M.C.M., R.H. Resources: R.H. Software: M.C.M., C.M., D.H. Supervision: M.C.M., R.H. 
Validation: M.C.M., H.K., P.M.M., M.P., C.M., G.C.O., O.P.J., C.L.d.M., A.M.P., L.R.L., 
D.H., R.O.A., C.M.A., Y.Y., J.R. Visualization: M.C.M., C.M., T.A.B. Writing (original 
draft): M.C.M. Writing (review and editing): M.C.M., H.K., P.M.M., M.P., C.M., G.C.O., 
O.P.J., C.L.d.M., A.M.P., L.R.L., D.H., C.E.A., N.B., T.A.B., C.M.A., C.S.S., J.K.B., T.R.M., 
Y.Y., A.L., G.G.T., J.D., B.B., J.R., R.H.

Competing interests
Most authors are involved in fisheries management or provide fisheries advice in ways 
that can be viewed by some as competing interests. Many are employed by national 
fisheries agencies or non-governmental organizations that advocate for specific fisheries 

Nature Sustainability | www.nature.com/natsustain

https://zenodo.org/record/3877545
https://github.com/mcmelnychuk/MCM-NatSust_2020-12-05
https://github.com/mcmelnychuk/MCM-NatSust_2020-12-05
https://doi.org/10.1038/s41586-020-2616-y
https://doi.org/10.1038/s41586-020-2616-y
https://doi.org/10.5281/zenodo.3877545
http://www.nature.com/natsustain


Analysis NATuRe SusTAinAbiliTy

policies. The academic scientists have received funding from sources that include 
government fisheries agencies, fishing companies and environmental non-governmental 
organizations.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/
s41893-020-00668-1.

Correspondence and requests for materials should be addressed to M.C.M.

Peer review information Nature Sustainability thanks J. C. Gutierrez-Estrada,  
A. Tsikliras and the other, anonymous, reviewer(s) for their contribution to the peer 
review of this work.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

© The Author(s), under exclusive licence to Springer Nature Limited 2021

Nature Sustainability | www.nature.com/natsustain

https://doi.org/10.1038/s41893-020-00668-1
https://doi.org/10.1038/s41893-020-00668-1
http://www.nature.com/reprints
http://www.nature.com/natsustain


1

nature research  |  reporting sum
m

ary
April 2020

Corresponding author(s): Michael Melnychuk

Last updated by author(s): Nov 11, 2020

Reporting Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 
in reporting. For further information on Nature Research policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection Stock assessment data are compiled in the publicly-available RAM Legacy Stock Assessment Database, which is hosted on a cited Zenodo 
repository. Data from this version 4.491 are available for download either as .RData files for use in R, or as .xlsx files for use in Excel.

Data analysis All data analyses for this study were conducted using R version 3.6.3. Key R packages used are cited in the reference list with version numbers. 
All data input files and code to reproduce analyses are publicly available (https://github.com/mcmelnychuk/MCM-NatSust_2020-07-08).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A list of figures that have associated raw data 
- A description of any restrictions on data availability

Stock assessment data are compiled in RAMLDB (version 4.491-mdl-fits), which is publicly available (DOI 10.5281/zenodo.3877545).



2

nature research  |  reporting sum
m

ary
April 2020

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description This study uses time series of stock biomass (B) and fishing pressure (U) relative to their biological reference points (Bref and Uref), 
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levels of relative biomass, i.e. stocks that at some point had undergone overfishing or been overfished to some degree. We 
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data used as predictor variables. As the focus is on overall effects across stocks (in a hierarchical model), this number of sampled 
stocks is sufficient for estimating effects of management interventions and other influences on changes in response variables.

Data collection Data for response variables were drawn from the RAM Legacy Stock Assessment Database, a publicly-available compilation of stock 
assessment outputs for assessed marine fish and invertebrate stocks around the world. Assessment data are entered into the 
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(including several co-authors), and others by staff at the University of Washington. Data for management attributes were collected 
by co-authors in their contries or regions of familiarity; some regional experts collected the necessary information themselves, others 
co-ordinated data collection in their region, drawing on the expertise of people familiar with individual stocks.

Timing and spatial scale The duration of time series of estimated biomass and fishing pressure vary by stock, as stock assessments are conducted for stocks 
individually and are limited by available information. The full time series for each stock is contained in the RAM Legacy Stock 
Assessment Database, with varying dates of earliest data availability among stocks. There were few stocks with data available for 
years after 2016, so time series were capped at 2016 for analyses. Stock assessments are carried out for individual defined stocks, 
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the same spatial definitions of stocks as used in stock assessments.

Data exclusions No samples (i.e. individual stocks) were excluded from analyses. For some analyses, earlier years of the time series ('Developing 
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pressure, and catch, were described in the paper. In other analyses, the 'developing' and 'mature' phases of stock time series were 
both included, to provide greater contrast.

Reproducibility All input data and code for analyses are cited and publicly available. These provide the ability to reproduce all figures presented in 
the main text and Supplementary Information.

Randomization Individual stocks were allocated into one of 17 regions around the world for presentation of management histories by region (Fig. 1 
and Supplementary Figures 2 and 3). This allocation was based on geographical location and/or management authority for each 
stock. This allocation has no impact on analyses because random intercepts were specified for individual stocks, not regions.

Blinding Blinding is not relevant here, as there were no controlled or randomised treatments. Stock status data were drawn from published 
sources, and management attribute data were collected for specified stocks.
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Supplementary Methods 47 

 48 

Input data: stock status response variables 49 

 50 

Stock assessment outputs are compiled for marine fish and invertebrate populations from 51 

around the world in the RAM Legacy Stock Assessment Database21 (RAMLDB, version 52 

4.49122). Assessments are usually conducted by government agencies, and key outputs are 53 

estimated time series of biomass (B, either total biomass or spawning stock biomass; commonly 54 

termed abundance) and fishing pressure (U, either an annual fraction harvested or an 55 

instantaneous fishing mortality rate; commonly termed exploitation rate). The start year 56 

considered in assessments is highly variable among stocks (Supplementary Table 4; 57 

Supplementary Figure 1). Some assessments further provide estimates of target reference points 58 

for biomass (BREF) and fishing pressure (UREF) that pair with biomass or fishing pressure time 59 

series. These target reference points are often based on maximum sustainable yield (MSY) or 60 

proxies for MSY34 but may be based on other factors. For stocks with MSY-based reference 61 

points as well as actual target reference points provided in assessments, the actual targets were 62 

preferred. Pairing the time series with their respective target reference points, we obtain target 63 

ratios of B/BREF = 1 and U/UREF = 1. We note that the assumption of stationarity in reference 64 

points BREF and UREF is unlikely to be met for most stocks27, however, the time series analysis 65 

involves annual changes in B/BREF and U/UREF rather than their magnitudes, and slow temporal 66 

variability in the reference points does not alter the direction of annual change in B or U. 67 

For stocks that did not have target reference points provided in assessments, we fit surplus 68 

production models to catch and total biomass time series taken from assessments, similar to 69 

approach used previously4,9,10,18,21. Annual net surplus production values were calculated as the 70 

sum of annual catch and the change in total biomass from the current year to the following year, 71 

all in tonnes. We used a Pella-Tomlinson model41 parameterised with BMSY (with B as total 72 

biomass, TB), UMSY (with U as harvest fraction, ER), and shape parameter γ to predict annual net 73 

surplus production (𝑆̂): 74 

 75 

𝑆̂ = ((
𝛾

𝛾 − 1
) 𝑈𝑀𝑆𝑌  𝐵) − (

𝑈𝑀𝑆𝑌  𝐵𝛾

(𝛾 − 1)  𝐵𝑀𝑆𝑌
(𝛾−1)) 76 

(Supplementary Equation 1) 77 

 78 

For stocks that had a single missing reference point, the value for the other reference point 79 

was held fixed during the fitting procedure to estimate the single missing reference point. For 80 

stocks that had both reference points missing, both parameters were estimated simultaneously. 81 

Cross-validations with assessment-estimated reference points showed greater prediction accuracy 82 

for estimating both reference points when γ was fixed at the value 1.736, as previously estimated 83 

in a meta-analysis42. When only BMSY was estimated (with UMSY held fixed at the assessment-84 

derived value), cross-validations showed greater prediction accuracy when γ was fixed at ≈1, 85 

which defines the Fox model43. When only UMSY was estimated (with BMSY held fixed at the 86 

assessment-derived value), cross-validations showed greater prediction accuracy when γ was 87 

specific to one of 13 taxonomic groups with values ranging from 0.65-2.43. These values were 88 

determined empirically by estimating a freely-varying γ while UMSY and BMSY were held fixed at 89 

assessment-derived values, and then calculating the arithmetic mean across the stocks in each 90 

taxonomic group. 91 



3 

A series of filters applied to surplus production model outputs guarded against poorly-92 

estimated reference points. Similar filters were applied previously4. Estimated reference points 93 

were rejected if any of the following failures were observed:  94 

 95 

(1) fewer than five years of annual net production and biomass were available 96 

(2) estimated UMSY < 0.005 97 

(3) estimated UMSY > 0.85 98 

(4) estimated BMSY < 0.07BMAX, where BMAX is the maximum recorded value in the total 99 

biomass time series 100 

(5) estimated BMSY > 2.085BMAX 101 

(6) the biomass range between 0 and the lesser of estimated carrying capacity, K, and BMAX 102 

was divided into four equal intervals, and in the middle two intervals, three criteria were 103 

all required to fail in order for this filter (6) to be considered an overall failure: at least six 104 

net production values were negative; more than 50% of net production values were 105 

negative; and the sum of net production values was negative 106 

(7) the calculated AICc value (Akaike’s Information Criterion, adjusted for sample size) of the 107 

surplus production model fit was greater than any of three AICc values calculated for 108 

linear fits to annual surplus production values and biomass (fixed slope = 0 with freely-109 

varying intercept; fixed intercept at origin with freely-varying slope; and both intercept 110 

and slope freely-varying) 111 

(8) if BMSY was available from the assessment and held fixed for estimating UMSY, predicted 112 

surplus production at this fixed BMSY was negative.  113 

 114 

Numerical thresholds assumed for criteria 2-5 were based on ranges of values available from 115 

stock assessments. Typically, these filters 1-8 collectively exclude 13-19% of surplus production 116 

model fits (including fits for stocks that already had BREF and UREF available in assessments; 117 

these fits are still evaluated for use in cross-validations). Specifically for 83 stocks in our dataset 118 

without BREF and/or UREF from assessments, these filters collectively resulted in excluding BMSY 119 

estimates for 13 of 55 stocks (24%) and excluding UMSY estimates for nine of 63 stocks (14%); 120 

seven of these excluded stocks overlapped. 121 

A sensitivity analysis (‘Sensitivity 1—reference points’) was conducted to examine the 122 

influence of including these post-hoc surplus production reference point estimates on observed 123 

results from later data analyses. Time series analyses (main Methods) were repeated after 124 

omitting these estimates, limiting the dataset to only stocks with reference points extracted from 125 

assessments. Comparisons of results with the main run are described in Supplementary Note 2. 126 

 127 

Input data: predictor variables 128 

 129 

There are 644 unique stocks contained in RAMLDB22 with at least some available time 130 

series of B/BREF or U/UREF, including those with post-hoc estimated reference points. It was not 131 

feasible to collect management-related information for all of these, but we collected sufficient 132 

information for inclusion in analyses for 288 of these. In collecting management information, we 133 

ensured a high level of representation in terms of geography (Supplementary Table 3), taxonomic 134 

groups, population size, and fishing gears used. We focused mostly on stocks that are targeted in 135 

capture fisheries and that have been fished to such an extent that at some point in their history, 136 

fishing pressure had increased above UREF or biomass had decreased below BREF. These are 137 

typically the stocks of greatest management interest. 138 
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Fisheries management measures were considered at the stock level and at the national (or 139 

international) level as potentially influencing stock status. Stock-level measures consisted of two 140 

types of time series variables that were assembled by experts or during interviews with experts 141 

for each stock, and were occasionally supplemented with literature searches. First, the years in 142 

which a stock was under a formal rebuilding plan were assigned a ‘1’, while all years not under a 143 

rebuilding plan were assigned ‘0’. Rebuilding plans vary in their duration after activation, are 144 

usually de-activated following stock recovery, and may later be re-activated as deemed necessary 145 

for rebuilding (Supplementary Figure 1). Rebuilding plans are commonly implemented when a 146 

stock’s relative biomass B/BREF is estimated to be ‘too low’ or below some threshold such as 0.5 147 

(Supplementary Table 4). Rebuilding plans were the only management measure considered to 148 

have potential influence only in the years in which they were active (Supplementary Table 1). 149 

Second, similar to a previous approach29, an aggregate variable of stock-level management 150 

intensity ranged from 0-1 and comprised five components other than rebuilding plans: scientific 151 

surveys of fish abundance; stock assessments; harvest control rules; fleet-wide catch limits; and 152 

individual quotas. The year in which each of these measures was first implemented for a stock 153 

incremented the aggregate index by 1/5. Any order of the five components was allowed, and if 154 

two components were implemented in the same year, the index incremented by 2/5 in that year. 155 

Unlike rebuilding plans, these other measures were treated as having a potential influence that 156 

persists indefinitely after they were first implemented (Supplementary Table 1). All years during 157 

and after the first use of these components were considered to be potentially influential, so (in 158 

contrast to how rebuilding plans were treated) the aggregate index increases monotonically. For 159 

example, if scientific surveys were implemented in some year and then ceased in some later year, 160 

or if they are only conducted every few years, the aggregate index does not decrease after first 161 

usage. Rebuilding plans were not considered as part of the aggregate index because their effect 162 

on stock status is expected to occur only in years in which they are active. 163 

Similar to the stock-level aggregate index of management intensity, an aggregate variable 164 

of national-level management intensity ranged from 0-1, increased monotonically, and comprised 165 

three components, each of which incremented the aggregate index by 1/3: country-specific 166 

declaration of an Exclusive Economic Zone (EEZ)15; country-specific ratification of either the 167 

United Nations Food and Agriculture Organisation Compliance Agreement (UNCA)16  or the 168 

United Nations Fish Stocks Agreement (UNFSA)17, whichever was ratified first; and 169 

implementation of a major fisheries policy considered to have potential influence on most or all 170 

stocks in the country or region. Examples of this major fisheries policy included the U.S. 171 

Sustainable Fisheries Act and the European Union’s 2002 reform of the Common Fisheries 172 

Policy. For stocks managed under tuna Regional Fisheries Management Organisations (tRFMO), 173 

this major fisheries policy consisted of the convention that governs the tRFMO. For stocks that 174 

are fished by multiple countries (e.g., West African stocks), management measures were specific 175 

to the country with the greatest proportion of catch of the stock. For tuna stocks, the year of first 176 

ratification of a UN agreement was likewise based on the country with the greatest proportion of 177 

catch of the stock. The national/international-level fisheries policies considered in analyses are 178 

listed in Supplementary Table 2 along with their year of implementation.  179 

Rebuilding plans, stock-level management measures, and national/international-level 180 

management measures tended to co-vary in their usage. There were few stock:years that had low 181 

stock-level management intensity and high national-level management intensity together, and few 182 

stock:years that had the opposite (Supplementary Figure 4a). Rebuilding plans did not occur 183 

when stock-level management intensity was 0, and rarely occurred when national-level 184 

management intensity was 0. Rebuilding plans were most commonly activated when both 185 
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management indices were high, although there were also cases in which one or the other 186 

management index was low or intermediate while rebuilding plans were in place (Supplementary 187 

Figure 4a). Across all stocks, EEZs were in place for 72% of stock:years, individual quotas were 188 

in place for 23% of stock:years, and other management measures were intermediate between 189 

these proportions (Supplementary Figure 4b). Considering only the years while under active 190 

rebuilding plans, the proportions ranged from 94% of stock:years (for EEZs) to 43% of 191 

stock:years (for individual quotas; Supplementary Figure 4b), suggesting that rebuilding plans 192 

tended to be used after various other measures had already been implemented. Years of 193 

implementation of stock-level measures and national-level measures are shown in Supplementary 194 

Figure 1 for each stock, and summarised in Supplementary Table 4. Regional changes over time 195 

in the implementation of individual management measures and aggregate indices of management 196 

intensity are shown in Supplementary Figure 2 for each region and in Supplementary Figure 3 for 197 

each measure. 198 

Management measures were treated either as a Boolean variable (rebuilding plan) or as 199 

incremental indices in analyses, but in reality, they represent a continuum. For example, some 200 

harvest control rules would be expected to have greater effect on stock status than other harvest 201 

control rules19, particularly when output harvest recommendations are backed by law instead of 202 

being discretionary9. Some rebuilding plans are stronger than others, ranging from complete 203 

fishery closures to temporary, modest reductions in fishing pressure20,24. Some stock assessments 204 

provide more accurate estimates of stock status than others24, which affect the basis on which 205 

management decisions are made. While such nuances are frequent and may realistically influence 206 

stock status differently, it was necessary to make simplifying assumptions when categorising 207 

management measures consistently across diverse regions and stocks.  208 

Life-history traits and taxonomic groups were also considered as potentially influencing 209 

stock status. Life-history traits initially considered included: (1) natural mortality rate, M; (2) age 210 

at 50% maturity, AM50; (3) length at 50% maturity, LM50; (4) maximum age, AMAX; (5) maximum 211 

length, LMAX; (6) von Bertalanffy growth, κ; and (7) trophic level, TL. Variables 1-3 were 212 

available for some individual stocks; otherwise, values from a nearby stock were assumed, and if 213 

still not available, average values at the global species level were extracted from FishBase44 or 214 

SeaLifeBase45. Paired scatterplots showed strong correlation between several pairs of variables in 215 

either linear (Supplementary Figure 7) or log space. To avoid problems with collinearity, 216 

variance inflation factors were calculated38 and only two life-history variables were carried 217 

forward into regression analyses, AM50 and LMAX. A categorical variable representing broad 218 

taxonomic groups (demersal fish; pelagic fish; invertebrates) was also considered as a predictor 219 

variable.  220 

Two fishery-related attributes were considered as predictor variables potentially influencing 221 

stock status. First, a categorical variable distinguishing single-species fisheries from mixed-222 

species fisheries was considered for each stock. In cases where some fleets catch the stock alone 223 

while other fleets catch the stock in a mix of species, the variable was assigned according to the 224 

principal fleet. Second, the product of MSY and average ex-vessel price for a given stock 225 

represented its Maximum Sustainable Landed Value (MSLV), as quantity and price together drive 226 

incentives for targeting by fishing fleets23. If an estimate of MSY was not available for a stock 227 

(which was the case for only 6.6% of stocks), the mean catch across the full time series with 228 

leading zeros removed was instead used (Supplementary Figure 1). These values of MSY and 229 

mean catch were highly correlated for the stocks that had both values available (r = 0.964). 230 

Predicted prices were generated from an external mixed-effects regression model fit to observed 231 

ex-vessel prices from national price datasets. This provided predicted prices even for stocks 232 



6 

without observed prices, based on their nested taxonomic levels and regional covariates. The 233 

mean price during 2001-2010 was calculated and was multiplied by MSY (or mean catch) to 234 

obtain MSLV. Time series of catches, observed and predicted prices, as well as estimates of MSY, 235 

mean catch, and mean predicted price for years 2001-2010 are shown in Supplementary Figure 1. 236 

For plotting, stocks were assigned to regions based on their geographic distributions and 237 

management authorities. The 288 sampled stocks for data analyses were distributed among 17 238 

regions, with 3-31 stocks per region (Supplementary Table 3; Supplementary Figures 1-2). 239 

 240 

Data preparation 241 

 242 

Management measures and other predictor variable data were collected for 296 stocks, but 243 

U/UREF or B/BREF response variable data were available for only 288 of these. Reference point 244 

estimates were drawn from stock assessments for 232 stocks (UREF) and 240 stocks (BREF), and 245 

were drawn from surplus production model fits for 54 stocks (UREF) and 42 stocks (BREF). The 246 

other eight of the originally-available 296 stocks were excluded because they did not have 247 

available reference points after applying the set of filters described above to surplus production 248 

model estimates. The 288 stocks included in analyses had between 1-67 years of U/UREF and/or 249 

B/BREF estimates available (mean 41.8 years for U/UREF and 43.1 years for B/BREF). Stocks with 250 

<10 years of available data were excluded from analyses. This yielded a total of 11,944 251 

stock:years of U/UREF estimates and 12,162 stock:years of B/BREF estimates across all stocks. 252 

Missing values within otherwise contiguous time series existed for nine stock:years of B/BREF 253 

(across four stocks) and one stock:year of U/UREF; these few missing values were linearly 254 

interpolated.  255 

In the regression models described in the main Methods, the potential effect on stock status 256 

of most management measures was assumed to be persistent following the implementation of a 257 

measure. Two management-related variables (stock-level aggregate index of management 258 

intensity; and national/international-level aggregate index of management intensity) were 259 

considered to potentially influence stock status during their year of implementation and all years 260 

following in the stock’s time series. In contrast, the third management-related variable, ‘under 261 

rebuilding plan’, was considered to potentially affect stock status only during the specific year(s) 262 

in which it was active (Supplementary Figure 1). The rebuilding plan effect was separated into 263 

two components, an immediate component (in the first year of implementing a rebuilding plan) 264 

and a persistent component (for all years after the first year, until the rebuilding plan was de-265 

activated or until the end of the time series). This separation of components, described further in 266 

the main Methods, allowed for distinguishing immediate effects from longer-term effects. In 267 

particular, fishing pressure is likely to decrease immediately after activating a rebuilding plan 268 

(because fishing fleets can respond to management changes within the same year or fishing 269 

season), whereas biomass may require several years under a rebuilding plan before starting to 270 

recover (because of biological constraints on rates of population increase).  271 

Stock time series were partitioned into (up to) two distinct phases based on values of 272 

U/UREF, B/BREF, and catch/MSY or catch/(mean catch). This allowed us to focus our research 273 

questions (about management influences on fishing pressure and biomass) on the most applicable 274 

portion(s) of a stock’s available time series. The first phase, ‘developing fishery’, was considered 275 

from the start of a stock’s available time series until any of the following criteria were met: (a) 276 

B/BREF < 0.8; (b) U/UREF > 1; (c) catch/MSY > 1; (d) catch/(mean catch) > 1.25; or (e) a 277 

rebuilding plan was implemented. To guard against misclassifications arising from truncated time 278 

series (if data were available only after actual fishery development), if either of the two following 279 
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conditions were observed, the stock was assumed to already be past the ‘developing’ phase: (f) 280 

B/BREF < 1 in the first year of the available time series; or (g) catch in the first year when both 281 

B/BREF and U/UREF data were available was less than 1.25 times the mean catch in the previous 282 

ten years (which may occur if catch time series extend further into the past than B or U estimates 283 

provided in assessments). The second phase, ‘mature fishery’, was assumed to include all years 284 

after the ‘developing’ phase. For stocks lacking a ‘developing’ phase in their available time 285 

series, the full time series was considered to be ‘mature’.  286 

Stocks in some regions tended to pass from ‘developing’ to ‘mature’ fishery phase sooner 287 

than stocks from other regions. For example, among the regions considered, fisheries in 288 

Australia, New Zealand, West Africa, South America, and tRFMOs tended to develop later than 289 

fisheries in other regions (Supplementary Figure 1). In contrast, declaration of EEZs and 290 

ratification of UN agreements tended to cohere more closely in time across regions 291 

(Supplementary Figures 2 and 3). This implies that EEZ declaration and ratification of UN 292 

agreements would generally be well into the ‘mature’ fishery phase for stocks in earlier-293 

developing regions, but may be either in the ‘developing’ phase or early in the ‘mature’ phase for 294 

stocks in later-developing regions. If the implementation of a management measure occurred 295 

prior to the beginning of a stock’s ‘mature’ fishery phase, it would have no influence on analyses 296 

that were restricted to the ‘mature’ fishery phase. 297 

We recognise that other factors besides management actions, such as environmental 298 

conditions, may influence stock abundance and therefore affect the timing of transitions from the 299 

‘developing’ phase into the ‘mature’ phase. Despite these possible external influences, the 300 

blocking of time series data into ‘developing’ and ‘mature’ phases allows for some analyses to be 301 

focused solely on the ‘mature’ phase, when implementation of management measures is most 302 

relevant (main Methods sections ‘Base model for stock status trends’ and ‘Predicting short-term 303 

responses to management’). In other analyses, when a greater range of magnitudes of U/UREF and 304 

B/BREF was necessary (main Methods section ‘Predicting equilibrium responses to 305 

management’), the full time series including the ‘developing’ phase was considered. Classified 306 

phases are shown for all stocks in Supplementary Figure 1. The start years of phases, and status 307 

of U/UREF and B/BREF at the time of these phase starts, are summarised in Supplementary Table 4. 308 

Some ‘mature’ phases were only a few years in duration, so to guard against small sample sizes, 309 

all analyses described below required a minimum of 10 years of data in the ‘mature’ phase for a 310 

given stock and response variable. This filtered out 1 stock for U/UREF only, 1 stock for B/BREF 311 

only, and 1 stock for both U/UREF and B/BREF. 312 

A sensitivity analysis (‘Sensitivity 2—time series length’) was conducted to examine the 313 

influence on observed results of this 10-year threshold for inclusion. Data analyses were repeated, 314 

instead requiring a minimum of 20 years of data for a given stock and response variable. 315 

Comparisons of results with the main run are described in Supplementary Note 2. 316 

Response variables U/UREF and B/BREF were ln-transformed to ensure symmetrical 317 

proportional changes above and below target ratios of 1 (e.g., a doubling from U/UREF = 1 to 2 is 318 

symmetrical with a halving from U/UREF = 1 to 0.5). Response variables were subsequently 319 

differenced for time series regression analysis to achieve stationarity36. First-order differences 320 

were determined to be sufficient for most stocks (see next section). Numerical predictor variables 321 

for regression analyses (AM50, LMAX, and MSLV) were centred by subtracting the arithmetic mean 322 

and standardised by dividing the result by the standard deviation. Model fit diagnostics were 323 

evaluated, and are reported in Supplementary Table 7 for both response variables, Δln(U/UREF) 324 

and Δln(B/BREF). 325 

 326 
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Correlation structures 327 

 328 

ARIMA (autoregressive integrated moving average) model correlation structures contain 329 

components for autoregression (p), differencing (d), and moving average prediction errors (q) for 330 

a univariate time series. The appropriate orders of p, d, and q can be determined for a given time 331 

series through statistical tests for stationarity, inspection of autocorrelation function plots and 332 

partial autocorrelation function plots, or evaluating criteria for statistical fitting36. The 333 

auto.arima() function of the R package ‘forecast’46 combines several of these checks to provide 334 

an optimal set of parameters for a given time series. In a hierarchical model with multiple time 335 

series, however, the same orders of p, d, and q must be assumed across all groups (using the same 336 

grouping structure as for random effects37) even though the optimal set of parameters may vary 337 

among individual groups. To identify the best overall set of p, d, and q parameters across stocks, 338 

we used the auto.arima() function46 to identify the best set of parameters for each stock in the 339 

‘mature’ fishery phase (as well as for the full time series, including the ‘developing’ phase), and 340 

then we summarised these best-identified sets across stocks to reveal an overall best set. 341 

First, we evaluated the order of required differencing to ensure stationarity. For ln(U/UREF), 342 

the most frequent order of required differencing was 1 for both the ‘mature’ phase and for the full 343 

time series (Supplementary Table 5). The next-most-frequent required order was 0; few stocks 344 

required second-order differencing. For ln(B/BREF), the most frequent required order of 345 

differencing was also 1, followed by order 2 for both the ‘mature’ phase and full time series 346 

(Supplementary Table 5). This most frequent order of 1 was assumed for all analyses (d = 1). 347 

Second, using first-order differenced time series, the order of autoregressive and moving 348 

average components required to minimise AICc were identified46. For ln(U/UREF), the most 349 

frequent combination of parameters was an ARIMA(0,1,0) structure in the ‘mature’ phase as well 350 

as for the full time series (Supplementary Table 6). However, there were also several stocks for 351 

which the best-fit structure required 1 or 2 orders of p (with q = 0), or 1 or 2 orders of q (with p = 352 

0). Few stocks required >0 orders of p and >0 orders of q simultaneously. For ln(B/BREF), the 353 

most frequent combination of parameters was an ARIMA(1,1,0) structure, i.e., lag-1 354 

autoregression, in the ‘mature’ phase as well as for the full time series. However, orders of p = 0 355 

or 2 were also relatively frequent, as were orders of q = 1 (Supplementary Table 6). Because 356 

most stocks had best-fit orders of p = 0 or 1 and q = 0 or 1, an ARIMA(1,1,1) structure was 357 

selected for the main analysis, erring on the side of including additional parameters that may be 358 

unnecessary for some stocks (rather than failing to include additional parameters that may be 359 

necessary for other stocks). The selected ARIMA(1,1,1) structure was applied, with calendar year 360 

treated as the time covariate and stock as the grouping variable37. To correspond with this 361 

grouping structure, stock was also treated as a random intercept in regression models37. In this 362 

ARIMA structure with p = 1 and q = 1, there is one autoregressive parameter ϕ and one moving 363 

average parameter θ to estimate, respectively. The magnitudes of the estimated values of these 364 

parameters are indicative of whether the fitted model is considered to be temporally causal (see 365 

Supplementary Note 1). 366 

Four sensitivity analyses (‘Sensitivity 3a,b,c,d—ARIMA structure) were conducted to 367 

examine the influence of ARIMA model structure assumptions (i.e., the selected values of p and 368 

q) on observed results. Analyses were repeated assuming alternative structures of ARIMA(0,1,0), 369 

ARIMA(1,1,0), ARIMA (2,1,0), and ARIMA(0,1,1). Comparisons of these sensitivity results 370 

with those of the main run are described in Supplementary Note 2. 371 

 372 
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Supplementary Discussion 373 

 374 

Regional differences in management history 375 

 376 

Management measures at the stock level and at the national (or international) level 377 

considered in analyses are defined in Supplementary Table 1. Summarising all stocks in our 378 

analysis (which comprise assessed stocks primarily from regions with high research and 379 

management capacity), Fig. 1 shows the history of implementing these management measures 380 

since 1950. While these management measures have all been increasingly used over this period, 381 

considerable variability exists among regions and individual stocks in whether and when these 382 

measures have been applied. Variability among regions also exists in the timing of implementing 383 

management measures with respect to the timing of when stocks transitioned from their 384 

‘developing’ fishery phase to ‘mature’ fishery phase (Supplementary Figure 1). For example, the 385 

declaration of EEZs and ratification of UN agreements tended to occur prior to the transition into 386 

the ‘mature’ fishery phase for stocks in some regions, but well after the transition for stocks in 387 

other regions. Because the timing of changes in mean stock status differed among regions4, while 388 

the timing of implementing EEZs and UN agreements tended to be synchronous across regions 389 

(Supplementary Figures 2-3), this implies that regions differ in their patterns of management 390 

history with respect to stock status history. The history of implementing management measures 391 

for individual stocks is shown in the multi-page Supplementary Figure 1. Grouping stocks by 392 

region, Supplementary Figures 2 and 3 show how temporal patterns of implementing 393 

management measures have varied among regions.  394 

At the stock level, rebuilding plans or catch moratoria have been in place in any given year 395 

for nearly half the studied stocks in the United States20,34, Canada, New Zealand47, and South 396 

Africa (Supplementary Figures 2 and 3). In contrast, they have not been applied for any stocks in 397 

our dataset from the Mediterranean or Black Seas (‘Europe–Med/Black Sea’) or West Africa 398 

despite a long history of overfishing in these regions4,5 (Supplementary Figure 3). Regions with 399 

at least some history of implementing rebuilding plans include European Union waters of the 400 

northeast Atlantic25 (‘Europe(EU) NE Atl’, including Atlantic Ocean, North Sea, and Baltic Sea, 401 

but not the Mediterranean), Australia48, Japan49, South America, tuna RFMOs28, Russia East 402 

Coast, and European (but non-European Union) waters of the northeast Atlantic (‘Europe(non-403 

EU) NE Atl’), consisting of Norway50, Iceland, the Faroe Islands, and some transboundary stocks 404 

shared with Russia (Supplementary Figures 2 and 3).  405 

Among the other five stock-level management measures, scientific surveys tended to be 406 

implemented earliest in most regions, with the exception of Europe(non-EU) NE Atl, Australia, 407 

and tuna RFMOs (where formal stock assessments and fleet-wide catch limits were generally 408 

implemented earlier), Russia East Coast (where fleet-wide catch limits were implemented 409 

earlier), and New Zealand and South Africa (where fleet-wide catch limits and individually-410 

allocated catch quotas were implemented earlier; Supplementary Figures 2 and 3). In US regions, 411 

individual quotas tended to be implemented most recently. In other regions (Canada East Coast, 412 

Europe(non-EU) NE Atl, Europe(EU) NE Atl, Russia East Coast, Australia, and New Zealand), 413 

harvest control rules tended to be implemented most recently. Regions with limited use of harvest 414 

control rules tended to have the highest relative fishing pressures in recent years (Supplementary 415 

Figure 3). While most regions have by now implemented these five stock-level management 416 

measures for at least half the assessed stocks, some management measures have been 417 

implemented for no or few stocks in other regions. These include Europe–Med/Black Sea (no 418 

individual quotas; few fleet-wide catch limits or harvest control rules, although as of 2019 419 
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maximum allowable fishing efforts have been established for the trawl fleets targeting 29 420 

demersal stocks in the West Mediterranean and Adriatic Seas), West Africa (no harvest control 421 

rules), South America (no harvest control rules), Japan (no individual quotas), US Northeast and 422 

Southeast (few individual quotas), Canada East Coast (few harvest control rules), and tuna 423 

RFMOs (few harvest control rules, individual quotas, or scientific surveys; Supplementary 424 

Figures 2 and 3). 425 

At the national (or international) level, management measures are typically applied 426 

simultaneously across most stocks in a country or region, so the changes over time are more 427 

discrete compared to the more gradual implementation of stock-level management measures 428 

(Supplementary Figures 2 and 3). There also tends to be less variability among regions in the 429 

implementation of national management measures, as many involve international agreements that 430 

in most cases were ratified by countries around the same time16,17. Most countries declared 431 

EEZs15 in the late 1970s, with the exception of South America (Chile and Peru declared earlier, 432 

in 1947; Supplementary Table 2), Europe–Med/Black Sea (France and Spain have declared EEZs 433 

in the Mediterranean, but only recently), and tuna RFMOs (these stocks are highly migratory and 434 

are typically distributed across an ocean basin, so EEZs are less relevant). The ratification of the 435 

UN Compliance Agreement16 or the UN Fish Stocks Agreement17, whichever was first ratified by 436 

a country, occurred around the same time across regions, between the mid-1990s to early 2000s 437 

(Supplementary Figures 2 and 3; Supplementary Table 4). These international agreements are 438 

specifically related to the high seas or illegal fishing for cross-boundary stocks, but they may also 439 

exert an indirect influence on stocks in national or sub-national waters as stronger fisheries 440 

management commitments at the international level may permeate down into national and sub-441 

national management systems. The implementation of other major pieces of fisheries legislation 442 

at the national or international level was more variable across regions (Supplementary Table 2). 443 

Conventions for some tuna RFMOs were established in the 1950s or 1960s (IATTC, ICCAT) 444 

while others were not established until the 1990s or 2000s (CCSBT, IOTC, WCPFC). At the 445 

national level, most of the key pieces of fisheries legislation thought to potentially affect stocks 446 

were implemented in the 1980s (New Zealand47, Canada, Norway50) or 1990s (Iceland51, 447 

Australia48, Chile, Peru, Faroe Islands52, US34, South Africa, Argentina), while others were 448 

implemented more recently in the 2000s (EU2,25,53 and Russia). Comparable pieces of major 449 

fisheries legislation (Supplementary Table 2) have not been implemented in Japan, Europe–450 

Med/Black Sea (before 2016, but after which new demersal management plans have been 451 

adopted), or West Africa.  452 

The five stock-level management measures and three national/international-level measures 453 

described above were modelled as remaining in place after their initial implementation. This is a 454 

reasonable assumption for the vast majority of measures that have been applied to stocks. One 455 

rare exception occurred for Faroe Plateau Atlantic cod, for which a quota system was 456 

implemented in 1994, but remained in place only until 1996, when a system of individual effort 457 

allocations was implemented in its place52. Other temporary interruptions in the use of a 458 

management measure are more common, for example if a stock assessment or a scientific survey 459 

is not carried out every year, but only periodically. 460 

Aggregate indices of stock-level management intensity (comprising use of scientific 461 

surveys, stock assessments, harvest control rules, fleet-wide catch limits, and individual quotas) 462 

and of national-level management intensity (comprising EEZ declaration, first ratification of UN 463 

Compliance Agreement or UN Fish Stocks Agreement, and a major piece of national fisheries 464 

legislation) are also variable among regions in their timing and prevalence (Supplementary 465 

Figures 2 and 3). Stock-level management intensity increased gradually over several decades 466 
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while increases in national-level intensity were generally more punctuated as EEZs were declared 467 

and international agreements were ratified. Sums in Supplementary Figure 2 and proportions in 468 

Supplementary Figure 3 reflect the number or proportions of stocks as well as the values ranging 469 

from 0-1 for each individual stock. For example, in these aggregate sums or joint proportions, a 470 

value of half the number of stocks could result from half of the stocks at value 1, from all of the 471 

stocks at value 0.5, or any such combination. These aggregate sums or joint proportions are 472 

currently at least three quarters of the number of stocks in most regions, with the exception of 473 

Europe–Med/Black Sea (both indices at about half the number of stocks), Japan and West Africa 474 

(both indices at about two thirds the number of stocks), and tuna RFMOs (stock-level index at 475 

about one third the number of stocks and national-level index at about two thirds the number of 476 

stocks). Two of these four regions have the highest median U/UREF among all regions, Europe–477 

Med/Black Sea (2.3) and West Africa (1.6) (Supplementary Figure 3). 478 

Most regions shown in Supplementary Figures 2 and 3 contain a high proportion of stocks 479 

that would typically be considered as data-rich. At least some of the stocks from Europe–480 

Med/Black Sea5, West Africa, and tuna RFMOs6,11 may arguably be considered to have 481 

intermediate levels of data availability, with limited use of scientific surveys or application of 482 

relatively simple stock assessment methods. Due to the lack of available scientific estimates of 483 

fishing pressure or abundance relative to reference points, this study does not include stocks that 484 

would typically be considered as data-poor, which tend to occur disproportionately in developing 485 

countries. Owing to limited financial resources, these same regions tend to have more limited 486 

capacity in their fisheries management systems7,13. These differences in overall capacity among 487 

regions are likely to affect how effective any given management measure may be. Our analysis 488 

evaluated overall effects of management measures on trends in stock status across all regions 489 

simultaneously, even though those regions differ in management capacity. Future work could 490 

involve more detailed analyses of how the effectiveness of any given management measure (i.e., 491 

its influence on stock status trends) may vary among regions that differ in financial and 492 

management capacity. 493 

 494 

Supplementary Notes 495 

 496 

Supplementary Note 1:  Verification of temporal causality 497 

 498 

The assumption of temporal causality in ARIMA models can be verified from estimated 499 

parameters for autoregressive (𝜙
^

1, …, 𝜙
^

𝑝) and moving average (𝜃
^

1, …, 𝜃
^

𝑞) processes. We 500 

applied an ARMA(1,1) model to first-order differenced time series, which is equivalent to 501 

applying an ARIMA(1,1,1) model to un-differenced time series. In both cases, there is only one ϕ 502 

parameter and one θ parameter to estimate.  503 

Temporal causality applies to the autoregressive component of ARMA or ARIMA models. 504 

The model can be said to be temporally causal if the time series can be written as a one-sided 505 

linear process, i.e., if the present state of the response variable depends on past-year states but not 506 

on future-year states54. For an ARMA(1,1) model, if the following conditions are met, then 507 

temporal causality can be verified: 508 

• 𝜙
^

 < 1 509 

• there are no common roots between autoregressive and moving average polynomials 510 

• response variable time series are stationary 511 
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 512 

These criteria were all met. For the base model (Equation 1) and coupled-variable model 513 

(Equation 3), the following parameter estimates were observed: 514 

Equation 1, response variable ln(U/UREF)t→t+1: 𝜙
^

 = 0.55 ; 𝜃
^

 = –0.80 515 

Equation 1, response variable ln(B/BREF)t→t+1: 𝜙
^

 = –0.46 ; 𝜃
^

 = 0.60 516 

Equation 3, response variable ln(U/UREF)t→t+1: 𝜙
^

 = 0.50 ; 𝜃
^

 = –0.71 517 

Equation 3, response variable ln(B/BREF)t→t+1: 𝜙
^

 = 0.16 ; 𝜃
^

 = –0.03 518 

 519 

The parameter estimates were different within each model, so there were no common factors, and 520 

therefore no common roots. Overall across stocks, first-order differencing was sufficient to 521 

ensure stationarity (Supplementary Table 5). Therefore, the assumption of temporal causality was 522 

verified. Analyses weighted by MSLV, and analyses involving disaggregated management 523 

measures instead of aggregate indices of management intensity, also met the above criteria. 524 

 These parameter estimates of the ARIMA correlation structure reveal information about the 525 

time series of stocks included in our analysis. After differencing time series to ensure stationarity, 526 

autoregressive parameter estimates were between 0-1 for Δln(U/UREF) for both the base model 527 

and coupled-variable model, indicating that unexplained changes tend to persist, but dampen, 528 

over time. For Δln(B/BREF) in the base model, the autoregressive parameter estimate was –1 < 𝜙
^

 529 

< 0, indicating that unexplained changes also tended to dampen but flip from positive to negative 530 

and back. This may result from irregular recruitment anomalies affecting biomass changes over 531 

time. For Δln(B/BREF) in the coupled-variable model, 𝜙
^

 was weakly positive, thus incorporating 532 

the strong influence of U/UREF magnitude on Δln(B/BREF) reduced the relative importance of 533 

autoregression on changes in biomass. Moving average parameter estimates generally followed 534 

opposite patterns as those for autoregressive terms. The negative moving average estimates for 535 

Δln(U/UREF) may indicate that, whether (Equation 3) or not (Equation 1) B/BREF magnitude is 536 

explicitly accounted for in the regression model, changes in U/UREF tend to over-compensate for 537 

‘prediction errors’ in previous years. For example, higher-than-expected levels of U/UREF in some 538 

year may require adjustment downwards in the following year. For Δln(B/BREF) in the base 539 

model, prediction errors tended to propagate but dampen over time, whereas in the coupled-540 

variable model with U/UREF magnitude explicitly included, the moving average parameter 541 

estimate greatly weakened. 542 

We note that this verification of temporal causality refers to the correlation structure of the 543 

response variables. This verification does not imply causal effects of predictor variables on the 544 

response variables. As with regression models in general, in ARIMA models, predictors are 545 

assumed to be independent of the responses. In reality, however, experimental or random 546 

implementation of management measures is rare. Management measures are often implemented 547 

in response to changing stock status. Although we were not able to control for the non-random 548 

implementation of management measures, ARIMA models do at least distinguish changes in 549 

stock status that occur in the years prior to implementing a management measure from changes 550 

that occur in the years during and after implementation. In other words, these models allow for 551 

separating the baseline trends in U/UREF and B/BREF (pre-implementation) from the impacted 552 

trends (post-implementation) as a stock switches between treatment groups. 553 

 554 
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Supplementary Note 2:  Sensitivity analyses 555 

 556 

Four types of sensitivity analyses (eight runs in total) were conducted to evaluate how 557 

assumptions or model structures used in the main run potentially affected observed results. For 558 

evaluating results, we use two approaches for comparing outputs of sensitivity runs to those of 559 

the main run. First, we focus on coefficient estimates of the four management-related parameters 560 

(including both components of rebuilding plans) estimated under the base model, which are 561 

shown in Fig. 3 for the main run. Second, we visually compare Figs. 3-5 and Supplementary 562 

Figure 8 (Fig. 4 is a subset of Supplementary Figure 8) to their counterparts produced under 563 

sensitivity runs to evaluate whether any of the changes to assumptions or model structures result 564 

in different conclusions drawn from observed results. The four types of sensitivity analyses 565 

considered were: 566 

 567 

1. in the main run, if reference points BREF or UREF were not provided in assessments, we 568 

estimated these post-hoc with a surplus production model (Supplementary Equation 1). In this 569 

‘Sensitivity 1—reference points’, we do not estimate missing reference points, we use only the 570 

reference points provided in assessments, which reduces the sample size for analyses. 571 

2. in the main run, we required a minimum of 10 years of B/BREF or U/UREF data for inclusion in 572 

time series analyses. In this ‘Sensitivity 2—time series length’, we instead require a minimum 573 

of 20 years of data, which also reduces the sample size. 574 

3. in the main run, we used an ARIMA(1,1,1) correlation structure for ARIMA(p, d, q), which 575 

contains one autoregressive parameter, p, and one moving average prediction error parameter, 576 

q. In this ‘Sensitivity 3—ARIMA structure’, we consider four alternative correlation structures 577 

that were commonly observed to be the best parameter set for some stocks (Supplementary 578 

Table 6). These four alternative correlation structures differ in the number of parameters 579 

included for p and q:  580 

(3a) ARIMA(0,1,0) 581 

(3b) ARIMA(1,1,0) 582 

(3c) ARIMA(2,1,0) 583 

(3d) ARIMA(0,1,1). 584 

4. in the main run, we weighted individual stocks equally. We also considered an alternative 585 

weighting scheme, in which stocks were weighted by their mean MSLV; results under this 586 

alternative stock-level weighting scheme are shown in Supplementary Figures 6 and 8. In this 587 

‘Sensitivity 4—regional weighting’, we consider two regional-level weighting schemes. 588 

Regression weights are still applied to individual stocks, but in the following regional-level 589 

weighting schemes, all the stocks from a given region share the same weight: 590 

(4a) regional weights proportional to the number of stocks in RAMLDB with available time 591 

series of U/UREF or B/BREF. Regions were assigned weights of nr,RAMLDBfull/nr,paper, where 592 

nr,paper is the number of stocks in region r included in this analysis, and nr,RAMLDBfull is the 593 

number of stocks contained in RAMLDB with any available estimates of U/UREF or 594 

B/BREF. Stock counts for nr,paper and nr,RAMLDBfull are listed in Supplementary Table 3. 595 

(4b) regional weights proportional to the number of stocks in RAMLDB that at some point in 596 

their time series had U/UREF > 1 or B/BREF < 1. Regions were assigned weights of 597 

nr,RAMLDBsub/nr,paper, where nr,RAMLDBsub is the subset of stocks in region r contained in 598 

RAMLDB that at some point in their history met at least one of these conditions for 599 

U/UREF or B/BREF.  600 
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These two sets of regional-level weights were each scaled by their median, such that the 601 

median weight among the 17 regions was 1. Values of sample weights are listed in the file 602 

“regional-weights.csv”, one of the input files provided with code for reproducing analyses. 603 

 604 

In general, none of the sensitivity analyses led to different take-away conclusions than 605 

those from the main results. Certain differences were observed, which are summarised in 606 

Supplementary Table 8 and described further below: 607 

 608 

1. For ‘Sensitivity 1—reference points’, three of four estimated coefficients of management-609 

related parameters for Δln(U/UREF) and all four estimated coefficients for Δln(B/BREF) were 610 

similar to those from the main run (Supplementary Table 8). The one notable difference was 611 

that the coefficient for 𝑏6𝑅𝑒𝑏𝑖𝑚𝑚𝑒𝑑𝑖𝑎𝑡𝑒𝑡,𝑗
 in ‘Sensitivity 1—reference points’ was only about 612 

one quarter the magnitude of its counterpart in the main run (Supplementary Table 8). Despite 613 

this weaker effect compared to the main run, it was still the strongest effect overall in 614 

‘Sensitivity 1—reference points’ (as seen in the Fig. 3 counterpart), so still resulted in 615 

decreased fishing pressure in the first year of implementing a rebuilding plan (as seen in the 616 

Fig. 4 and Supplementary Figure 8 counterparts). This immediate decrease only reduced 617 

U/UREF partway to target levels of 1 (not all the way, as seen in the main run); after the first 618 

year, the decrease in U/UREF continued at a slower rate, reaching target levels before the end of 619 

the 10 year in the medium and high management intensity scenarios of the counterpart to 620 

Supplementary Figure 8. Some differences were observed in equilibrium predictions (Fig. 5) 621 

between ‘Sensitivity 1—reference points’ and the main run. At high levels of management 622 

intensity, observed results were similar to those from the main run, although mean B/BREF 623 

never exceeded 1 and mean U/UREF never decreased below 1 even at management intensity 624 

values of 1. The threshold at which rebuilding plans activated occurred at slightly lower levels 625 

of management intensity in ‘Sensitivity 1—reference points’, and the proportion of years spent 626 

under rebuilding plans was generally greater than in the main run.  627 

Because reference point estimates for UREF and BREF from surplus production models generally 628 

show limited bias (based on cross-validations with estimates drawn from stock assessments), 629 

the differences outlined above between ‘Sensitivity 1—reference points’ and the main run are 630 

likely due to the subset of stocks excluded (sample size in the sensitivity analysis was reduced 631 

by 20-27% compared to the main run). Median U/UREF across all stocks and years was nearly 632 

identical for the main run (0.975) and ‘Sensitivity 1—reference points’ (0.977), and median 633 

B/BREF was similar (main run, 1.024; ‘Sensitivity 1—reference points’, 1.095). 634 

2. For ‘Sensitivity 2—time series length’, estimated coefficients of management-related 635 

parameters were all similar to those from the main run (Supplementary Table 8). Visual 636 

comparisons with Figs. 3-5 and Supplementary Figure 8 revealed no notable differences 637 

between the main run and ‘Sensitivity 2—time series length’. 638 

3. For ‘Sensitivity 3—ARIMA structure’, estimated coefficients of management-related 639 

parameters were all similar to those from the main run (Supplementary Table 8). Visual 640 

comparisons with Figs. 3-5 and Supplementary Figure 8 revealed no notable differences 641 

between the main run and ‘Sensitivity 3a,b,c,d—ARIMA structure’. 642 

4. For ‘Sensitivity 4—regional weighting’, both weighting schemes (a, b) which involved 643 

weighting regions in proportion to numbers of assessed stocks by region had estimated 644 

coefficients of management-related parameters similar to those from the main run 645 

(Supplementary Table 8), and visual comparisons with Figs. 3-5 and Supplementary Figure 8 646 
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revealed no notable differences between the main run and ‘Sensitivity 4a,b—regional 647 

weighting’.  648 

 649 
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Supplementary Table 3 | Regional representation of stocks included in analysis compared to other datasets. Summed catches are 728 

means of individual stocks over the period 1970-2017, summed across stocks in the region.  729 

 730 

         This analysis        .                            RAMLDBa                            .        FAO landingsb      . 

Country/region Number 

of stocks 

Summed 

catch across 

stocks (t) 

Number of 

stocks  

% 

inclc 

Summed catch 

across stocks 

(t) 

% 

inclc 

Summed catch 

in region (t) 

% 

inclc 

Australia 16         20,866           25  64%           52,811  40%       169,694  12% 

Canada-East Coast 11       282,055           45  24%         824,856  34%       927,900  30% 

Canada-West Coast 17         39,579           31  55%           47,174  84%       200,862  20% 

Europe(EU) NE Atl 18    2,533,075           88  20%      5,666,003  45%    4,914,943  52% 

Europe(non-EU) NE Atl 10    2,780,553           20  50%      3,831,029  73%    5,078,099  55% 

Europe-Med/Black Sea 20       393,230           80  25%         577,449  68%    1,488,293  26% 

Japan 24    3,636,297           37  65%      3,894,633  93%    5,842,412  62% 

New Zealand 23       128,859           49  47%         232,937  55%       354,370  36% 

Russia-East Coast 3    1,702,043             3  100%      1,702,043  100%    2,839,219  60% 

South Africa 13       443,259           15  87%         553,267  80%       800,467  55% 

South America 12    6,690,661           34  35%      9,141,082  73%  10,549,002  63% 

US-Alaska 22    1,810,647           43  51%      2,015,489  90%    1,804,418  100% 

US-Northeast 31       642,714           39  79%         710,751  90%    1,134,541  57% 

US-Southeast 21         79,496           40  53%         705,204  11%       971,843  8% 

US-West Coast 20       343,354           51  39%         397,692  86%       430,498  80% 

West Africa 5    1,035,381             5  100%      1,035,381  100%    1,545,305  67% 

Tuna RFMOs 22    1,269,592           38  58%      3,192,889  40%    5,224,159  24% 

Other              1  0%             1,251  0%  35,276,664  0% 

Total 288  23,831,661         644  45%    34,581,943  69%  79,552,688  30% 
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 731 
aIncludes all available stocks in the RAM Legacy Stock Assessment Database22 for which a time series of U/UREF and/or B/BREF is 732 

available. UREF and BREF may be extracted directly from a stock assessment, or may be estimated post-hoc using a surplus production 733 

model, as described above. 734 

 735 
bExtracted from the Global Capture Production database of the Food and Agriculture Organization of the United Nations55. FAO Major 736 

Fishing Areas do not align exactly with the regions considered in this analysis, so regional catch totals are approximate. Regional sums 737 

are calculated based on the relevant country(ies) and on inclusions of the following FAO Major Fishing Areas:  738 

Australia (Ind-E-57, Pac-WC-71, Pac-SW-81) 739 

Canada-East Coast (Atl-NW-21) 740 

Canada-West Coast (Pac-NE-67) 741 

Europe(EU) NE Atl (Atl-NE-27 for EU countries) 742 

Europe(non-EU) NE Atl (Atl-NE-27 for Norway, Iceland, Faroe Islands, Russia) 743 

Europe-Med/Black Sea (Med-37) 744 

Japan (Pac-NW-61) 745 

New Zealand (Pac-SW-81) 746 

Russia-East Coast (Pac-NW-61) 747 

South Africa (Atl-SE-47, Ind-W-51) 748 

South America (Atl-SW-41, Pac-SE-87 for Peru, Chile, Argentina) 749 

US-Alaska (87.2% of U.S. landings in Pac-NE-67; proportion based on NOAA catch-by-state landings data) 750 

US-Northeast (Atl-NW-21) 751 

US-Southeast (Atl-WC-31) 752 

US-West Coast (Pac-EC-77, and 12.8% of U.S. landings in Pac-NE-67; proportion based on NOAA catch-by-state landings data) 753 

West Africa (Atl-EC-34 for Morocco, Mauritania, Senegal, Gambia, Guinea-Bissau, Guinea, Sierra Leone, Liberia, Cabo Verde) 754 

All of the above summed FAO landings omitted freshwater ISSCAAP taxonomic groups, and also omitted the ISSCAAP group ‘tunas, 755 

bonitos, billfishes’ to avoid double-counting. For the region ‘Tuna RFMOs’, landings from this ISSCAAP group ‘tunas, bonitos, 756 

billfishes’ were summed over all countries and FAO Major Fishing Areas. For the remaining region ‘Other’, the sum of regional sums 757 

was subtracted from the summed mean global marine landings to represent the portion from regions in which formal stock assessments 758 

are less commonly conducted. 759 

 760 
cPercentages included (% incl) are the number of stocks (or summed catch) in this analysis as a proportion of the number of stocks (or 761 

summed catch) from all available stocks (or summed catch) in RAMLDB or the FAO landings database.   762 
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Supplementary Table 4 | Levels of relative fishing pressure (U/UREF) and relative biomass (B/BREF) at distinct points in the time 763 

series of stocks included in analyses. Years at which the condition applied are also summarised. Summarised values for years, 764 

U/UREF,  and B/BREF include the number of stocks (n) and percentiles of the distribution of values across stocks, as well as the 765 

proportion of stocks depleted below the level of B/BREF = 0.5.  766 

 767 

                   Yeara               .                U/UREF               .                          B/BREF                      . 

Point in time series nb 
25th 

%ile 

50th 

%ile 

75th 

%ile 
n 

25th 

%ile 

50th 

%ile 

75th 

%ile 
n 

25th 

%ile 

50th 

%ile 

75th 

%ile 

% stocks 

< 0.5c 

Year 1950 67    65 0.09 0.28 0.60 66 1.58 2.16 2.83 5% 

Start of full time series 288 1952 1973 1983 286 0.21 0.66 1.48 282 0.84 1.60 2.36 12% 

Start of mature fishery 

phase 
288 1963 1977 1986 286 0.49 0.87 1.53 282 0.82 1.57 2.30 12% 

First year under 

rebuilding plan 
118 1992 1999 2005 115 0.51 1.40 2.50 118 0.22 0.40 0.64 64% 

First year of scientific 

surveys 
237 1979 1985 1996 223 0.66 1.18 2.06 226 0.50 0.99 1.57 26% 

First year of stock 

assessment 
277 1985 1995 2002 264 0.63 1.30 2.36 269 0.44 0.89 1.57 30% 

First year of harvest 

control rule  
194 1990 1998 2005 184 0.65 1.10 1.80 192 0.41 0.76 1.36 34% 

First year of fleet-wide 

catch limits 
221 1983 1992 1998 210 0.62 1.15 2.01 217 0.52 0.99 1.63 24% 

First year of individual 

quotas  
139 1988 1997 2003 133 0.53 1.10 1.93 136 0.50 0.90 1.67 25% 

Year of EEZ 

declaration 
253 1976 1978 1982 237 0.48 1.02 2.06 245 0.58 1.25 2.08 22% 

Year of UN CA/FSA 

ratification 
278 1995 1996 2000 268 0.71 1.27 2.03 271 0.42 0.81 1.35 30% 

Year of national/ 

regional policy 
239 1988 1996 1996 229 0.51 1.07 1.99 238 0.48 0.92 1.64 27% 
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 768 
aYears of first use of management measures are constrained to the range of years for which time series of U/UREF and/or B/BREF were 769 

available, so that these years correspond with the values of U/UREF and/or B/BREF in columns further to the right. If a management 770 

measure was implemented for a stock before its first available values of U/UREF or B/BREF, for summary purposes in this table its year 771 

of first use is considered to be the first year of available U/UREF or B/BREF. 772 

 773 
bAll 288 stocks included in analyses had a mature fishery phase, and therefore also had a full time series (including the developing 774 

phase). Relatively few stocks (67) had a time series of U/UREF and/or B/BREF extending back to 1950. Some stocks have never had a 775 

given management measure applied, therefore sample sizes associated with first use of the measure are less than 288. 776 

 777 
cFraction of stocks with B/BREF < 0.5 at the distinct point in the time series listed. We note that a variety of thresholds around the world 778 

are used to define ‘overfished’ or ‘depleted’; the value of 0.5 considered here and shown for consistency is a common threshold, but by 779 

no means the only one. Following footnote (a), if a management measure was implemented for a stock before its first available value 780 

of B/BREF, its first value of B/BREF in the time series was compared relative to 0.5 in the calculated fraction across stocks.  781 
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Supplementary Table 5 | Required order of differencing of response variable time series to 782 

ensure stationaritya. 783 

  784 

  Differences required 

Fishery phase Response variable 0 1 2 

Mature ln(U/U
REF

) 96 166 22 

Full time series ln(U/U
REF

) 81 172 31 

Mature ln(B/B
REF

) 52 156 72 

Full time series ln(B/B
REF

) 47 163 70 

 785 
aValues reflect frequencies of stocks for which the order of differencing was sufficient based on a 786 

one-sided KPSS test for stationarity, implemented with the auto.arima() function of the R 787 

package ‘forecast’46. Time series for each stock were separated into ‘developing’ (not of interest 788 

for analyses) and ‘mature’ (of interest) phases, and the full time series was also evaluated. A 789 

minimum of 10 years of data per stock per phase were required for evaluation of a given response 790 

variable.   791 
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Supplementary Table 6 | Best-fit orders of autoregressive (p) and moving average (q) 792 

components of response variable time series to maximise goodness-of-fita. 793 

 794 

  ln(U/U
REF

)  ln(B/B
REF

) 

        q →     q → 

Fishery phase p 0 1 2 3 4 5  0 1 2 3 4 5 

Mature 0 123 47 19 9 5 0  41 44 12 8 4 3 

 1 28 4 0 2 1 0  65 18 9 1 0 0 

 2 22 2 1 1 0 0  33 6 1 0 0 0 

 3 7 2 1 0 0 0  13 2 0 0 0 0 

 4 3 1 0 0 0 0  10 1 0 0 0 0 

 5 3 0 0 0 0 0  7 0 0 0 0 0 

               

Full time series 0 115 42 18 14 4 0  41 39 13 10 6 2 

 1 31 5 1 3 2 0  65 16 10 1 2 0 

 2 22 3 0 1 0 0  33 8 0 1 0 0 

 3 10 3 2 0 0 0  11 3 0 0 0 0 

 4 3 1 0 0 0 0  9 1 0 0 0 0 

 5 4 0 0 0 0 0  9 0 0 0 0 0 

 795 
aValues reflect frequencies of stocks for which the combined order of p and q minimised the 796 

AICc for first-order differenced time series, implemented with the auto.arima() function of the R 797 

package ‘forecast'46. Time series for each stock were separated into ‘developing’ and ‘mature’ 798 

phases, and the full time series was also evaluated. A minimum of 10 years of data per stock per 799 

phase were required for evaluation of a given response variable.  800 
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Supplementary Table 7 | Model fit diagnostics for ARIMA models fit to response variables Δln(U/UREF) and Δln(B/BREF). Three 801 

metrics are summarised for each of two ARIMA model structures from different sections of the analysis. Summaries include the 802 

number of stocks (n), percentiles of the distribution of values across individual stocks, as well as an overall value of the metric across 803 

all stocks.   .  804 

 805 

                         Δln(U/UREF)                         .                          Δln(B/BREF)                           . 

Metric 
Results 

sectiona 
n 

25th 

%ile 

50th 

%ile 

75th 

%ile 

Overall 

across 

stocksb 

n 
25th 

%ile 

50th 

%ile 

75th 

%ile 

Overall 

across 

stocksb 

Mean errorc 

i 284 -0.02 0.00 0.02 0.000868 280 -0.02 0.00 0.02 0.000037 

iii 277 -0.04 0.00 0.03 0.001186 277 -0.02 0.00 0.02 0.000001 

                    

Root mean square 

error (RMSE)d 

i 284 0.23 0.32 0.49 0.58 280 0.09 0.14 0.25 0.22 

iii 277 0.24 0.34 0.53 0.59 277 0.08 0.13 0.25 0.21 

                    

Persistence indexe 

i 284 0.41 0.54 0.62 0.60 280 -1.11 -0.09 0.37 0.42 

iii 277 0.42 0.54 0.62 0.59 277 -0.92 0.02 0.38 0.45 

 806 
aResults section i , ‘Base model for stock status trends’, corresponds to the base model described in Equation 1, with results presented 807 

in Figure 3. Results section iii, ‘Predicting equilibrium responses to management’ corresponds to the coupled-variable model 808 

described in Equation 3, with results presented in Figure 5. Model fit diagnostics are not shown for Results section ii, ‘Predicting 809 

short-term responses to management’, corresponding to Equation 2 (and Figure 4), but are similar to those listed for section i. 810 

 811 
bStatistical fits for the hierarchical model were for all stocks simultaneously rather than for each stock individually, thus these overall 812 

values of metrics across all stocks better reflect model performance than the percentiles of the distributions of individual stocks.  813 
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814 

cMean error is the mean of predicted values minus observed values, either for an individual stock’s time series or for the combined 815 

dataset across all stocks. It is calculated over years t as: 816 

 817 

1

𝑇
∑(𝑦𝑝𝑟𝑒𝑑,𝑡 − 𝑦𝑜𝑏𝑠,𝑡)

𝑡=1

𝑇

 818 

 819 

For comparison with these mean errors, overall means of response variable values across all stocks were: for Δln(U/UREF) section i, 820 

observed -0.0098, predicted -0.0107; for Δln(U/UREF) section iii, observed 0.0122, predicted 0.0110; for Δln(B/BREF) section i, 821 

observed -0.0127, predicted -0.0127; and for Δln(B/BREF) section iii, observed -0.0120, predicted -0.0120. 822 

 823 
dRMSE represents the standard deviation of the model prediction error, calculated as the square root of the mean of squared deviations 824 

between observed and predicted values. This is calculated either for an individual stock’s time series or for the combined dataset across 825 

all stocks. Values of RMSE are not meant to be compared between Δln(U/UREF) and Δln(B/BREF), nor between sections i and iii, as 826 

these represent different response variables or sample sizes. It is calculated over years t as: 827 

 828 

√
1

𝑇
∑(𝑦𝑝𝑟𝑒𝑑,𝑡 − 𝑦𝑜𝑏𝑠,𝑡)

2

𝑡=1

𝑇

 829 

 830 
ePersistence index, or coefficient of persistence56, compares model performance (predicted versus observed values) against interannual 831 

changes in the observed values (from one year to the next). The latter changes represent a simpler model in which the observed value 832 

from the previous year represents the prediction for the current year. It is calculated either for an individual stock’s time series or for 833 

the combined dataset across all stocks (in which the first year for each stock is omitted), as: 834 

 835 

1 −

∑(𝑦𝑝𝑟𝑒𝑑,𝑡 − 𝑦𝑜𝑏𝑠,𝑡)
2

𝑡=2

𝑇

∑(𝑦𝑜𝑏𝑠,𝑡 − 𝑦𝑜𝑏𝑠,𝑡−1)
2

𝑡=2

𝑇  837 

 836 

Values typically range from 0-1, with values of 1 reflect perfect model performance, and values ≤0 reflecting poor predictive 838 

performance.  839 
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Supplementary Figure 2 (next page) | Implementation history of fisheries management 840 

measures in 17 regions. Values for individual measures reflect the number of stocks in the 841 

region with the measure implemented over time. For rebuilding plans, the thick purple line shows 842 

the number of stocks currently under a rebuilding plan in any given year, so counts in the region 843 

may decrease as rebuilding plans are de-activated following recovery of a stock. For all other 844 

individual measures, counts increment with their first use on a stock but do not revert downwards 845 

if the measure is later ceased (e.g., if a survey or an assessment is not conducted in any given 846 

year), so counts represent current or previous usage of the measure. Other thick solid lines 847 

represent aggregate indices of management intensity at the stock level (blue; comprising the five 848 

management measures indicated) or at the national/international level (orange; comprising the 849 

three measures indicated). These aggregate indices range from 0-1 for each stock depending on 850 

how many of the component measures have been implemented, so lines show sums across stocks 851 

in the region and do not revert downwards. Dashed grey horizontal lines show the total number 852 

of stocks from the region included in analyses. Regions are ordered left-to-right, top-to-bottom 853 

by median U/UREF across stocks over their last five years of available data (lowest-to-highest). 854 

Data shown are for the same 288 stocks as shown in Fig. 1a, here separated by region. 855 

Management measures are described in Supplementary Table 1 and implementation histories of 856 

individual stocks are shown in Supplementary Figure 1. See Supplementary Discussion for 857 

further description of this figure.  858 
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 859 

 860 

Supplementary Figure 2 continued  861 
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Supplementary Figure 3 (next page) | Implementation history by region of nine fisheries 862 

management measures and two aggregate indices. In each panel, shading for each region 863 

reflects the proportion of stocks with the measure implemented. For rebuilding plans, proportions 864 

show stocks currently under a rebuilding plan in any given year, so proportions may decrease as 865 

rebuilding plans are de-activated. For all other individual management measures in the lower 866 

eight panels, proportions increment with first use of the measure for a stock, but do not revert 867 

downwards if the measure is later ceased. Top row panels for aggregate indices of management 868 

intensity at the stock level (comprising five measures) or at the national/international level 869 

(comprising three measures) show joint proportions of stocks and index values. The number of 870 

stocks in each region is shown in parentheses. Regions are ordered top-to-bottom by median 871 

U/UREF across stocks over their last five years of available data (lowest-to-highest). The top three 872 

panels were shown in Fig. 1b. Management measures are described in Supplementary Table 1 873 

and implementation histories of individual stocks are shown in Supplementary Figure 1. See 874 

Supplementary Discussion for further description of this figure.  875 



28 

 876 

 877 

Supplementary Figure 3 continued  878 
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 879 

 880 

 881 

Supplementary Figure 4 | Associations between implementing rebuilding plans and 882 

concurrent use of other management measures. Frequencies of management measures in use 883 

are shown for four data subsets: all years of stocks that have never been under a rebuilding plan 884 

(grey); all years of stocks that have at some point been under a rebuilding plan (purple, left); 885 

years while under an active rebuilding plan (purple, middle); and a stock’s first year under a 886 

rebuilding plan (purple, right). In (a), panels show all possible combinations of stock-level 887 

management intensity and national/international-level management intensity. Symbol size is 888 

proportional to the number of stock:years of data at each combination. In (b), panels show 889 

frequencies of individual management measures in use. Vertical dotted lines show the total 890 

number of stock:years in the data subset.  891 

b

a
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 892 

 893 

 894 

Supplementary Figure 5 | Effects of individual management measures, fishery attributes, 895 

and life-history traits on annual changes in relative fishing pressure and relative biomass. 896 

Positive (or negative) coefficients reflect increasing (or decreasing) trends in fishing pressure 897 

(U/UREF) and biomass (B/BREF) during the ‘mature’ fishery phase. The horizontal axis is broken 898 

for visual clarity, as one coefficient differs substantially in magnitude from the others. Model 899 

structure is identical to the base model (main Methods i and Fig. 3), except the individual 900 

components of management intensity indices (five stock-level components and three national-901 

level components) are included as predictors instead of the two aggregate indices. Stocks are 902 

weighted equally. The reference group for overall intercepts is ‘Single-species fishery’, with the 903 

categorical ‘Mixed-species fishery’ representing a difference from these intercepts. Thick and 904 

thin error bars represent standard errors and 95% confidence intervals, respectively.  905 
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 906 

 907 

 908 

Supplementary Figure 6 | Effects of management, fishery, and life-history attributes on 909 

annual changes in relative fishing pressure and relative biomass under an alternative 910 

weighting assumption. Positive (or negative) coefficients reflect increasing (or decreasing) 911 

trends in fishing pressure (U/UREF) and biomass (B/BREF) during the ‘mature’ fishery phase. The 912 

horizontal axis is broken for visual clarity, as one coefficient differs substantially in magnitude 913 

from the others. Model structure is identical to the base model (main Methods i and Fig. 3), 914 

except instead of equal weighting, stocks are weighted by maximum sustainable landed value 915 

(MSLV), the product of maximum sustainable yield and average ex-vessel price. The reference 916 

group for overall intercepts is ‘Single-species fishery’, with the categorical ‘Mixed-species 917 

fishery’ representing a difference from these intercepts. Thick and thin error bars represent 918 

standard errors and 95% confidence intervals, respectively.  919 
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 920 

 921 

 922 

Supplementary Figure 7 | Associations between life-history traits initially considered as 923 

potential predictor variables for analyses. Scatterplots (lower panels) and correlation 924 

coefficients (upper panels) are shown for of all pairs of variables: natural mortality rate, M; age at 925 

50% maturity, AM50; length at 50% maturity, LM50; maximum age, AMAX; maximum length, LMAX; 926 

von Bertalanffy growth, κ; and trophic level, TL. Density plots are shown on the diagonal. As a 927 

result of strong correlation with other traits, most traits were omitted as predictor variables. Only 928 

AM50 and LMAX were carried forward as predictors in regression analyses.  929 
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 930 

 931 

 932 

Supplementary Figure 8 | Predicted effects of fisheries management interventions on stock 933 

status under varying levels of management intensity and alternative weighting assumptions. 934 

Predictions are shown for low (left panels), medium (middle panels), and high (right panels) 935 

levels of management intensity. For a given management intensity, the number of measures 936 

indicated are implemented in year 0, either with or without a rebuilding plan. Stocks are either 937 

equally-weighted (top two rows) or weighted by maximum sustainable landed value (bottom two 938 

rows). The top two right-most panels were shown in Fig. 4; see that caption for further details.  939 
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Supplementary Figure 9 (next four pages) | Time series of relative fishing pressure, relative 940 

biomass, and annual changes in these variables before and after implementation of 941 

management measures. Values of ratios (a) U/UREF, and (b) B/BREF, are shown on log scale. 942 

Values of annual changes in log-ratios (c) Δln(U/UREF), and (d) Δln(B/BREF), are shown on linear 943 

scale. The time series of each stock is shifted horizontally so the measure’s implementation 944 

coincides with year 0. For (c) and (d), Δln(U/UREF) and Δln(B/BREF) shown at year 0 correspond 945 

to the change from year 0 to year 1. Individual measures are the same as those listed in Fig. 1 and 946 

Supplementary Table 1. For each measure, a minimum of five years of available data before year 947 

0 and five years after year 0 were required for plotting. For rebuilding plans, year 0 represents the 948 

first year of at least five consecutive years under rebuilding and follows at least five consecutive 949 

years that were not under a rebuilding plan. Sample sizes indicated for each attribute are the 950 

number of stocks meeting these plotting requirements; sample sizes for (c) and (d) are lower than 951 

those for (a) and (b) because a minimum of six years of values are required to calculate the 952 

minimum five annual changes in values before and after year 0. The thick solid black line shows 953 

the median across stocks with available data in any given year, and thin dashed black lines show 954 

25th and 75th percentiles. Horizontal dashed grey lines show general management targets in (a) 955 

and (b), and show the point of no annual change in the ratios in (c) and (d).  956 
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 958 

Supplementary Figure 9 continued  959 

a 
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 961 

Supplementary Figure 9 continued  962 

b 
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 964 

Supplementary Figure 9 continued  965 

c 
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 967 

Supplementary Figure 9 continued  968 

d 
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 969 

 970 

 971 

Supplementary Figure 10 | Time series projections at equilibrium under different levels of 972 

management intensity. Representative time series of relative fishing pressure (U/UREF), relative 973 

biomass (B/BREF, both unscaled and scaled values), and relative catch (catch/MSY, based on 974 

scaled biomass) are shown for an average stock. Example values assumed for management 975 

intensity apply to both stock-level and national-level indices at the combinations indicated by ‘×’ 976 

in Fig. 5. At higher values of management intensity, rebuilding plans were never implemented, 977 

and equilibria were stable points. At lower values of management intensity, equilibria switched to 978 

stable cycles as rebuilding plans activated in response to low biomass and were then de-activated 979 

following stock recovery.   980 
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 16 

Supplementary Table 1 | Management measures considered as predictor variables 17 

potentially affecting stock status.  18 

 19 

Management 

measurea 

Levelb Temporal 

effectc 

Description 

Rebuilding 

plan 

Stock Only 

when 

active; 

separate 

immediate 

and 

persistent 

effects. 

Years in which the stock was placed under a formal 

rebuilding plan or moratorium. Criteria for implementing 

a rebuilding plan may vary among countries. Does not 

necessarily require a complete closure of a fishery, but 

generally involves more than slight reductions in 

allowable catch. May be in place for one or more years, 

de-activated for one or more years following stock 

rebuilding, and then later re-activated for one or more 

years. 

 

Scientific 

survey 

Stock Persistent Fishery-independent, scientific surveys that are typically 

used to estimate an index of abundance, which is then 

often used (or could be used) in stock assessments.  

→ One of five measures comprising the stock-level 

management intensity index. 

 

Stock 

assessment 

Stock Persistent Scientific assessment in which an estimate of stock status 

(current biomass and/or fishing pressure, relative to some 

reference point) is provided. Usually involves a 

population model fit to catch and abundance index data, 

but approaches vary. 

→ One of five measures comprising the stock-level 

management intensity index. 

 



Management 

measurea 

Levelb Temporal 

effectc 

Description 

Harvest 

control rule 

(HCR) 

Stock Persistent Pre-specified, transparent rule for adjusting catch or 

fishing pressure as stock size changes. Usually involves a 

framework to reduce catch limits or effort in response to 

decreases in observed stock size. 

→ One of five measures comprising the stock-level 

management intensity index. 

 

Fleet-wide 

catch limit 

(TACs) 

Stock Persistent Annual catch limits such as Total Allowable Catch or 

Guideline Harvest Levels. 

→ One of five measures comprising the stock-level 

management intensity index. 

 

Individual 

quotas (IQs) 

Stock Persistent System in which quota units (or effort units) are allocated 

to individual fishermen, vessels, companies, or 

communities. Quota units are not necessarily transferable. 

→ One of five measures comprising the stock-level 

management intensity index. 

 

EEZ 

declaration 

National/ 

inter-

national 

Persistent Exclusive Economic Zone. 

→ One of three measures comprising the national/ 

international-level management intensity index. 

 

UN CA/FSA 

ratification 

National/ 

inter-

national 

Persistent First ratification of the UN FAO Compliance Agreement 

or UN Fish Stocks Agreement. 

→ One of three measures comprising the national/ 

international-level management intensity index. 

 

National/ 

regional 

legislative 

policy 

(varies) 

National/ 

inter-

national 

Persistent A major fisheries policy implemented by a country or a 

tuna Regional Fisheries Management Organisation, 

applying to most or all managed stocks within that 

jurisdiction. See Supplementary Table 2 for specific 

policies by country or region.  

→ One of three measures comprising the national/ 

international-level management intensity index. 

 20 
aFive of the six stock-level measures and all three national/international-level measures were used 21 

in analyses as aggregate indices of management intensity rather than as individual predictor 22 

variables. 23 

 24 
bIn analyses, observations are individual stocks so all management measures are technically at the 25 

stock level; here, ‘level’ refers to whether the measure applies to a specific stock (‘stock’) or to 26 

multiple stocks within the country or region (‘national/international’).  27 

 28 



cRefers to whether the management measure is considered to have potential effect on stock status 29 

only in the years in which it is operational (‘only when active’) or in all years during and 30 

following its first usage (‘persistent’). For rebuilding plans, the only measure with temporal 31 

effect treated as ‘only when active’, the modelled effect on stock status is separated into an 32 

immediate component (in the first year of implementing a rebuilding plan) and a persistent 33 

component (for all years after the first year until the end of the rebuilding plan or end of the time 34 

series).  35 
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 16 

Supplementary Table 2 | National/international-level fisheries management measures 17 

treated as interventions potentially affecting stock status. Up to three measures specific to its 18 

country or region were considered for each stock: declaration of an Exclusive Economic Zone 19 

(EEZ); first ratification of either the UN FAO Compliance Agreementa or the UN Fish Stocks 20 

Agreementb; and a major piece of national or regional legislation considered as potentially-21 

influential to stock status across most or all stocks in the country or regionc.  22 

 23 

Country/region Management measure Applied tod Implemen-

tation year 

United States EEZ declaration all stocks 1976 

United States UN Compliance Agreement all stocks 1995 

United States Sustainable Fisheries Act all stocks 1996 

Canada EEZ declaration all stocks 1977 

Canada UN Compliance Agreement all stocks 1994 

Canada Fisheries Act all stocks 1985 

Europe(non-EU) NE Atl EEZ declaration Norway 1976 

Europe(non-EU) NE Atl UN Compliance Agreement Norway 1994 

Europe(non-EU) NE Atl Discard Ban Package Norway 1987 

Europe(non-EU) NE Atl EEZ declaration Iceland 1979 

Europe(non-EU) NE Atl UN Fish Stocks Agreement Iceland 1997 

Europe(non-EU) NE Atl Fisheries Management Act Iceland 1990 

Europe(non-EU) NE Atl EEZ declaration Faroe Islands 1977 

Europe(non-EU) NE Atl Commercial Fisheries Act Faroe Islands 1994 

Europe(EU) NE Atl EEZ declaration all stocks 1976 



Country/region Management measure Applied tod Implemen-

tation year 

Europe(EU) NE Atl UN Compliance Agreement all stocks 1996 

Europe(EU) NE Atl 2002 Reform of the Common 

Fisheries Policy 

all stocks 2003 

Europe–Med/Black Sea EEZ declaration France 2013 

Europe–Med/Black Sea UN Compliance Agreement France 1996 

Europe–Med/Black Sea EEZ declaration Spain 2013 

Europe–Med/Black Sea UN Compliance Agreement Spain 1996 

Europe–Med/Black Sea UN Compliance Agreement Italy 1996 

Australia EEZ declaration all stocks 1979 

Australia UN Fish Stocks Agreement all stocks 1999 

Australia Fisheries Management Act all stocks 1991 

New Zealand EEZ declaration all stocks 1978 

New Zealand Fisheries Act 1983 all stocks 1983 

New Zealand UN Fish Stocks Agreement all stocks 2001 

Japan EEZ declaration all stocks 1977 

Japan UN Compliance Agreement all stocks 2000 

Russia EEZ declaration all stocks 1977 

Russia UN Fish Stocks Agreement all stocks 1997 

Russia Fisheries Law all stocks 2005 

South Africa EEZ declaration all stocks 1977 

South Africa UN Fish Stocks Agreement all stocks 2003 

South Africa Marine Living Resources Act all stocks 1998 

West Africa EEZ declaration Morocco 1981 

West Africa UN Compliance Agreement Morocco 2001 

West Africa EEZ declaration Mauritania 1988 

West Africa UN Compliance Agreement Mauritania 2001 

West Africa EEZ declaration Senegal 1984 

West Africa UN Fish Stocks Agreement Senegal 1997 

South America EEZ declaration Argentina 1970 

South America UN Compliance Agreement Argentina 1996 

South America Federal Fisheries Regime Argentina 1999 



Country/region Management measure Applied tod Implemen-

tation year 

South America EEZ declaration Chile 1947 

South America UN Compliance Agreement Chile 2004 

South America Fishing and Aquaculture Act Chile 1991 

South America EEZ declaration Peru 1947 

South America UN Compliance Agreement Peru 2001 

South America General Law of Fisheries Peru 1993 

Tuna RFMOs UN Compliance Agreement Japan 2000 

Tuna RFMOs UN Compliance Agreement Spain 1996 

Tuna RFMOs UN Compliance Agreement USA 1995 

Tuna RFMOs UN Compliance Agreement Mexico 1999 

Tuna RFMOs UN Compliance Agreement Ghana 2003 

Tuna RFMOs UN Fish Stocks Agreement Brazil 2000 

Tuna RFMOs UN Fish Stocks Agreement Indonesia 2009 

Tuna RFMOs International Convention for the 

Conservation of Atlantic Tunas 

Atlantic 1969 

Tuna RFMOs Inter-American Tropical Tuna 

Commission Convention 

Agreement 

Eastern 

Pacific 

1950 

Tuna RFMOs Convention on the Conservation 

and Management of Highly 

Migratory Fish Stocks in the 

Western and Central Pacific 

Ocean 

Western/ 

Central 

Pacific 

2004 

Tuna RFMOs Indian Ocean Tuna Commission Indian 1996 

Tuna RFMOs Convention for the Conservation 

of Southern Bluefin Tuna 

SBT 1994 

 24 
aOfficially, the “Agreement to Promote Compliance with International Conservation and 25 

Management Measures by Fishing Vessels on the High Seas (The Compliance Agreement)”, 26 

which entered into force on 24 April 2003. 27 

 28 
bOfficially, the “Agreement for the Implementation of the Provisions of the United Nations 29 

Convention on the Law of the Sea of 10 December 1982 relating to the Conservation and 30 

Management of Straddling Fish Stocks and Highly Migratory Fish Stocks (UN Fish Stocks 31 

Agreement)”, which entered into force on 11 December 2001. 32 

 33 



cIf more than one major piece of fisheries legislation was implemented, the one considered to 34 

have strongest potential influence on stock status was considered. If two policies of similar 35 

perceived strength were implemented, the earlier of the two was considered. 36 

 37 
dIn some cases, measures listed apply to all stocks in the region, and in other cases apply to only 38 

a portion of stocks. Measures relevant to each individual stock are listed in Supplementary Figure 39 

1. For a stock caught in multinational fisheries, the management policies included in analyses 40 

were specific to the country with the greatest proportion of catch of the stock. 41 
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Supplementary Table 8 | Summary of comparisons between sensitivity analyses and main run of results. See Supplementary 15 

Note 2 for details. 16 

 17 

Analysis Sample size (number of 

stocks) for analyses of 

U/UREF and B/BREF: 

Coefficient estimate (SE) for: 

r1,  rebuilding plan (immediate) 

r2+,  rebuilding plan (persistent) 

s,  stock-level management intensity 

n,  national-level management intensity 

Visual comparison with Figs. 3-5 and 

Supplementary Figure 8 

 separate 

(Figs. 3, 4) 

together 

(Fig. 5) 

U/UREF B/BREF  

 

Main run 

 

288 

 

277 

 

r1: –0.799 (0.039) 

r2+: –0.022 (0.010) 

s: –0.030 (0.013) 

n: –0.045 (0.011) 

 

 

 

r1: –0.006 (0.015) 

r2+: 0.064 (0.008) 

s: 0.012 (0.011) 

n: 0.022 (0.009) 

 

 

Sensitivity 1—

reference points  

(no SP fits) 

248 203 r1: –0.196 (0.038) 

r2+: –0.023 (0.011) 

s: –0.018 (0.014) 

n: –0.052 (0.013) 

 

r1: –0.003 (0.017) 

r2+: 0.059 (0.009) 

s: 0.014 (0.012) 

n: 0.026 (0.011) 

 

Fig. 3 similar for B/BREF, differences for 

U/UREF (see Supplementary Note 2) 

Fig. 4 and Supplementary Figure 8 similar for 

B/BREF, differences for U/UREF (see 

Supplementary Note 2) 

Fig. 5 differences (see Supplementary Note 2) 

 

 

Sensitivity 2—

time series 

length  

(min. 20 yrs) 

254 242 r1: –0.791 (0.039) 

r2+: –0.023 (0.010) 

s: –0.030 (0.013) 

n: –0.042 (0.011) 

 

r1: 0.005 (0.014) 

r2+: 0.063 (0.008) 

s: 0.010 (0.011) 

n: 0.023 (0.010) 

 

 

Fig. 3 similar 

Fig. 4 and Supplementary Figure 8 similar  

Fig. 5 similar 



Analysis Sample size (number of 

stocks) for analyses of 

U/UREF and B/BREF: 

Coefficient estimate (SE) for: 

r1,  rebuilding plan (immediate) 

r2+,  rebuilding plan (persistent) 

s,  stock-level management intensity 

n,  national-level management intensity 

Visual comparison with Figs. 3-5 and 

Supplementary Figure 8 

 separate 

(Figs. 3, 4) 

together 

(Fig. 5) 

U/UREF B/BREF  

 

Sensitivity 3a—

ARIMA 

structure 

(p=0, q=0) 

 

288 

 

277 

 

r1: –0.788 (0.041) 

r2+: –0.008 (0.020) 

s: –0.042 (0.026) 

n: –0.042 (0.022) 

 

 

r1: –0.010 (0.016) 

r2+: 0.064 (0.007) 

s: 0.012 (0.010) 

n: 0.022 (0.009) 

 

 

 

Fig. 3 similar (wider confidence limits) 

Fig. 4 and Supplementary Figure 8 similar  

Fig. 5 similar 

 

Sensitivity 3b—

ARIMA 

structure 

(p=1, q=0) 

288 277 r1: –0.800 (0.041) 

r2+: –0.007 (0.016) 

s: –0.040 (0.021) 

n: –0.045 (0.018) 

 

r1: –0.003 (0.015) 

r2+: 0.063 (0.008) 

s: 0.012 (0.011) 

n: 0.022 (0.010) 

 

 

Fig. 3 similar 

Fig. 4 and Supplementary Figure 8 similar  

Fig. 5 similar 

 

Sensitivity 3c—

ARIMA 

structure 

(p=2, q=0) 

288 277 r1: –0.829 (0.040) 

r2+: –0.010 (0.015) 

s: –0.035 (0.019) 

n: –0.048 (0.016) 

 

r1: –0.004 (0.015) 

r2+: 0.063 (0.008) 

s: 0.012 (0.011) 

n: 0.022 (0.010) 

 

 

Fig. 3 similar 

Fig. 4 and Supplementary Figure 8 similar  

Fig. 5 similar 

 

Sensitivity 3d—

ARIMA 

structure 

(p=0, q=1) 

288 277 r1: –0.816 (0.040) 

r2+: –0.009 (0.014) 

s: –0.036 (0.019) 

n: –0.047 (0.016) 

r1: –0.004 (0.015) 

r2+: 0.063 (0.008) 

s: 0.012 (0.011) 

n: 0.022 (0.010) 

 

Fig. 3 similar 

Fig. 4 and Supplementary Figure 8 similar  

Fig. 5 similar 



Analysis Sample size (number of 

stocks) for analyses of 

U/UREF and B/BREF: 

Coefficient estimate (SE) for: 

r1,  rebuilding plan (immediate) 

r2+,  rebuilding plan (persistent) 

s,  stock-level management intensity 

n,  national-level management intensity 

Visual comparison with Figs. 3-5 and 

Supplementary Figure 8 

 separate 

(Figs. 3, 4) 

together 

(Fig. 5) 

U/UREF B/BREF  

 

Sensitivity 4a—

regional 

weighting 

(proportional to 

nr,RAMLDBfull) 

 

 

288 

 

277 

 

r1: –0.843 (0.040) 

r2+: –0.029 (0.011) 

s: –0.030 (0.013) 

n: –0.045 (0.012) 

 

r1: –0.008 (0.016) 

r2+: 0.075 (0.009) 

s: 0.005 (0.011) 

n: 0.022 (0.010) 

 

 

Fig. 3 similar 

Fig. 4 and Supplementary Figure 8 similar  

Fig. 5 similar 

 

Sensitivity 4b—

regional 

weighting 

(proportional to 

nr,RAMLDBsub) 

 

 

288 

 

277 

 

r1: –0.903 (0.040) 

r2+: –0.031 (0.011) 

s: –0.031 (0.013) 

n: –0.042 (0.011) 

 

r1: –0.010 (0.017) 

r2+: 0.077 (0.009) 

s: 0.004 (0.011) 

n: 0.022 (0.010) 

 

 

Fig. 3 similar 

Fig. 4 and Supplementary Figure 8 similar  

Fig. 5 similar 

 18 
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 16 

Supplementary Figure 1 (next 288 pages) | Stock status history relative to the timing of 17 

fisheries management interventions for 288 individual stocks included in analyses. Four 18 

panels show: stock biomass relative to target reference point (B/BREF, on log scale); fishing 19 

pressure relative to target reference point (U/UREF, on log scale); catch; and real ex-vessel price 20 

(predicted price and, if available, also observed price). Horizontal dashed grey lines in each panel 21 

show: target ratio of B/BREF = 1; target ratio of U/UREF = 1; mean catch excluding leading zeros 22 

(short dash) and, if available, best estimate of maximum sustainable yield (MSY, long dash); and 23 

mean predicted price from 2001-2010. In panels for B/BREF and U/UREF, horizontal dotted grey 24 

lines show successive doubling or halving of target levels. Catch consists of at least commercial 25 

landings and, if available, also estimates of recreational catch, discards, and/or illegal or 26 

unreported catch. If applicable, the years in which the stock was under a rebuilding plan are 27 

shown with purple hatching. Years in which other management measures were first implemented 28 

are shown by vertical dashed lines, with measures labelled above the top panel. Management 29 

measures are grouped at the stock level (scientific surveys; stock assessments; harvest control 30 

rules (HCR); total allowable catches or other fleet-wide catch limits (TAC); individual quotas 31 

(IQ); and rebuilding plans), and at the national/international level (declaration of Exclusive 32 

Economic Zones (EEZ); first ratification of either the United Nations Food and Agriculture 33 

Organization Compliance Agreement or the United Nations Fish Stocks Agreement (UN 34 

CA/FSA); and a major national or international fisheries policy implementation). Stock histories 35 

are partitioned into ‘developing’ (shaded green, if applicable) and ‘mature’ fishery phases based 36 

on values of biomass, fishing pressure, and catch relative to reference points. Years during which 37 

relative biomass was depleted below 0.5 (one of many typical thresholds used around the world 38 

for defining ‘overfished’, B/BREF < 0.5) are shaded red, if applicable. Notes to the right of the top 39 

three panels list details about the type of B/BREF, U/UREF, and MSY estimates available (taken 40 

from the RAM Legacy Stock Assessment Database, RAMLDB). Notes to the right of the bottom 41 

panel list the taxonomic groups and regions used for predicting ex-vessel prices for the stock 42 

(notes with ‘from region: none (100%)’ signify that region-specific prices were not available for 43 

the species, so predicted prices were drawn instead from the global mean price for the species). 44 

Page titles list the region, RAMLDB ‘stockid’ code, and stock name. Notes under page titles list 45 

the stock’s categorised taxonomic group, fishery type, and primary country. See Supplementary 46 

Table 1 for descriptions of management measures. 47 
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Stock level

Australia -- BGRDRNSWWA -- Blue grenadier New South Wales to Western Australia

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Australia
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Australia -- DEEPFLATHEADSE -- Deepwater flathead Southeast Australia

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: Australia
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Australia -- GEMFISHSE -- Common gemfish Southeast Australia

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: Australia
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Australia -- MORWONGESE -- Jackass morwong Eastern half of Southeast Australia

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: Australia
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Australia -- MORWONGWSE -- Jackass morwong Western half of Southeast Australia

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: Australia
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Stock level

Australia -- NZLINGESE -- Ling Southeast Australia

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: Australia
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Australia -- OROUGHYSE -- Orange roughy Southeast Australia

taxonomic group: pelagic fish (Other marine fish),   predominant fishery type: single-species,   primary country: Australia
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Stock level

Australia -- PTOOTHFISHMI -- Patagonian toothfish Macquarie Island

taxonomic group: pelagic fish (Other marine fish),   predominant fishery type: single-species,   primary country: Australia
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Stock level

Australia -- RROCKLOBSTERSAUSNZ -- Rock lobster South Australia Northern Zone

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: Australia
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Australia -- RROCKLOBSTERSAUSSZ -- Rock lobster South Australia Southern Zone

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: Australia
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Stock level

Australia -- SILVERFISHSE -- Silverfish Southeast Australia

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: Australia
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Australia -- SNAPSAUSSSG -- Snapper Southern Spencer Gulf

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: single-species,   primary country: Australia
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Stock level

Australia -- SWHITSE -- School whiting Southeast Australia

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: Australia
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Australia -- TIGERFLATSE -- Tiger flathead Southeast Australia

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: Australia
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Stock level

Australia -- WAREHOUESE -- Blue warehou Eastern half of Southeast Australia

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: Australia
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Australia -- WAREHOUWSE -- Blue warehou Western half of Southeast Australia

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: Australia
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Canada-East Coast -- COD2J3KL -- Atlantic cod Southern Labrador-Eastern Newfoundland

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Canada
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Canada-East Coast -- COD4TVn -- Atlantic cod Southern Gulf of St. Lawrence

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Canada
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  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus morhua
from regions:
  Canada.Atl (100%)



Developing

Mature
Phase

National/
international
level

Stock level

Canada-East Coast -- GHAL4RST -- Greenland halibut Gulf of St. Lawrence

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: single-species,   primary country: Canada
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  Flounders, halibuts, soles
  > Pleuronectidae
    > Reinhardtius
      > Reinhardtius hippoglossoides
from regions:
  Canada.Atl (100%)



Mature
Phase

National/
international
level

Stock level

Canada-East Coast -- HAD4X5Y -- Haddock Western Scotian Shelf, Bay of Fundy and Gulf of Maine

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Canada
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  Cods, hakes, haddocks
  > Gadidae
    > Melanogrammus
      > Melanogrammus aeglefinus
from regions:
  Canada.Atl (100%)



Mature
Phase

National/
international
level

Stock level

Canada-East Coast -- HERR4TFA -- Herring Southern Gulf of St. Lawrence (Fall spawners)

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Canada
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  Herrings, sardines, anchovies
  > Clupeidae
    > Clupea
      > Clupea harengus
from regions:
  Canada.Atl (100%)



Developing

Mature
Phase

National/
international
level

Stock level

Canada-East Coast -- HERR4TSP -- Herring Southern Gulf of St. Lawrence (Spring spawners)

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Canada
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  Herrings, sardines, anchovies
  > Clupeidae
    > Clupea
      > Clupea harengus
from regions:
  Canada.Atl (100%)



Mature
Phase

National/
international
level

Stock level

Canada-East Coast -- REDFISHSPP3LN -- Redfish species N and SW Grand Banks

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: Canada
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  Miscellaneous demersal fishes
  > Sebastidae
    > Sebastes
      > NA
from regions:
  Canada.Atl (100%)



Mature
Phase

National/
international
level

Stock level

Canada-East Coast -- SCALLGB -- Sea scallop Georges Bank

taxonomic group: invertebrate (Molluscs),   predominant fishery type: single-species,   primary country: Canada
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predictions for taxon:
  Scallops, pectens
  > Pectinidae
    > Placopecten
      > Placopecten magellanicus
from regions:
  Canada.Atl (100%)



Mature
Phase

National/
international
level

Stock level

Canada-East Coast -- SNOWCRABSGSL -- Snow crab Southern Gulf of St. Lawrence

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: Canada
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  Crabs, sea-spiders
  > Oregoniidae
    > Chionoecetes
      > Chionoecetes opilio
from regions:
  Canada.Atl (100%)



Mature
Phase

National/
international
level

Stock level

Canada-East Coast -- WITFLOUN4RST -- Witch flounder Gulf of St. Lawrence

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: Canada

Supplementary Figure 1,
page 27 of 289

Surveys

TACs

Assessments

EEZ declaration

Fisheries Act

UN CA/FSA ratification

SSBdivSSBmgt-calc-dimensionless = 0.5

0.2

0.5

1.0

2.0

B
B

R
E

F

SSBdivSSBmgt-calc-dimensionless = 1

1

2

3
4

U
U

R
E

F

ERdivERmgt-calc-dimensionless = 1

0

1000

2000

3000

4000

5000

6000

7000

C
at

ch
 (

t)

MSY: MSY-MT
mean catch: MT

0

500

1000

1500 Mean predicted price 2001-2010

R
ea

l p
ric

e 
(2

01
5 

$U
S

D
/t)

1950 1960 1970 1980 1990 2000 2010

Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Glyptocephalus
      > Glyptocephalus cynoglossus
from regions:
  Canada.Atl (100%)



Developing

Mature
Phase

National/
international
level

Stock level

Canada-East Coast -- YELL3LNO -- Yellowtail flounder Grand Banks

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: Canada
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  Flounders, halibuts, soles
  > Pleuronectidae
    > Limanda
      > Limanda ferruginea
from regions:
  Canada.Atl (100%)



Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- BOCACCBCW -- Bocaccio British Columbia Waters

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: Canada
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  Miscellaneous demersal fishes
  > Sebastidae
    > Sebastes
      > Sebastes paucispinis
from regions:
  Canada.Pac (100%)



Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- EULAPCOASTFRDU -- Eulachon Pacific Coast of Canada Fraser River Designatable Unit

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: mixed-species,   primary country: Canada
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  Salmons, trouts, smelts
  > Osmeridae
    > Thaleichthys
      > Thaleichthys pacificus
from regions:
  Canada.Pac (100%)



Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- HERRCC -- Pacific herring Central Coast

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Canada
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  Herrings, sardines, anchovies
  > Clupeidae
    > Clupea
      > Clupea pallasii
from regions:
  Canada.Pac (100%)



Developing

Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- HERRQCI -- Pacific herring Queen Charlotte Islands

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Canada
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  > Clupeidae
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      > Clupea pallasii
from regions:
  Canada.Pac (100%)



Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- HERRSOG -- Pacific herring Strait of Georgia

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Canada
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      > Clupea pallasii
from regions:
  Canada.Pac (100%)



Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- HERRWCVANI -- Pacific herring West Coast of Vancouver Island

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Canada
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from regions:
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Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- LINGCODSOG -- Lingcod Strait of Georgia

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: Canada
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  Miscellaneous coastal fishes
  > Hexagrammidae
    > Ophiodon
      > Ophiodon elongatus
from regions:
  Canada.Pac (100%)



Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- PANDALSMA14 -- Northern shrimp Shrimp Management Area 14

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: Canada
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from regions:
  Canada.Pac (100%)



Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- PANDALSMAFR -- Northern shrimp Shrimp Management Area FR

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: Canada
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Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- PCOD5AB -- Pacific cod Queen Charlotte Sound

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Canada
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predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus macrocephalus
from regions:
  Canada.Pac (100%)



Developing

Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- PCODHS -- Pacific cod Hecate Strait

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Canada
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  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus macrocephalus
from regions:
  Canada.Pac (100%)



Developing

Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- PERCHWCVANI -- Pacific ocean perch West Coast of Vancouver Island

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: Canada
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predictions for taxon:
  Miscellaneous demersal fishes
  > Sebastidae
    > Sebastes
      > Sebastes alutus
from regions:
  Canada.Pac (100%)



Developing

Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- RSOLE5AB -- Rock sole Queen Charlotte Sound

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: Canada
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predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Lepidopsetta
      > Lepidopsetta bilineata
from regions:
  Canada.Pac (100%)



Developing

Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- SABLEFPCAN -- Sablefish Pacific Coast of Canada

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: single-species,   primary country: Canada
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predictions for taxon:
  Miscellaneous demersal fishes
  > Anoplopomatidae
    > Anoplopoma
      > Anoplopoma fimbria
from regions:
  Canada.Pac (100%)



Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- SSHRIMPSMAPRD -- Sidestripe shrimp Shrimp Management Area PRD

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: Canada

Supplementary Figure 1,
page 43 of 289

Surveys

HCR

TACs

Assessments

EEZ declaration

Fisheries Act

UN CA/FSA ratification

0.5

1.0

1.5

2.0

B
B

R
E

F

TBdivTBmsy-est-dimensionless = 1

0.2

0.5

1.0

2.0

U
U

R
E

F

ERdivERmsy-est-dimensionless = 1

0

50

100

150

C
at

ch
 (

t)

MSY: MSY-est-MT

mean catch: MT

0

2000

4000

6000

8000
Mean predicted price 2001-2010

R
ea

l p
ric

e 
(2

01
5 

$U
S

D
/t)

1950 1960 1970 1980 1990 2000 2010

Observed
Predicted

predictions for taxon:
  Shrimps, prawns
  > Pandalidae
    > Pandalopsis
      > Pandalopsis dispar
from regions:
  Canada.Pac (100%)



Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- SSSHRIMPSMA14 -- Sidestripe shrimp Shrimp Management Area 14

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: Canada
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  Shrimps, prawns
  > Pandalidae
    > Pandalopsis
      > Pandalopsis dispar
from regions:
  Canada.Pac (100%)



Mature
Phase

National/
international
level

Stock level

Canada-West Coast -- SSSHRIMPSMAFR -- Sidestripe shrimp Shrimp Management Area FR

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: Canada
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    > Pandalopsis
      > Pandalopsis dispar
from regions:
  Canada.Pac (100%)



Mature
Phase

National/
international
level

Stock level

Europe(EU) NE Atl -- CODIIIaW-IV-VIId -- Atlantic cod ICES 3a(west)-4-7d

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Great Britain
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predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus morhua
from regions:
  EU.UK (36%), EU.Denmark (24.3%),
  Norway (14.6%), EU.Germany (7%),
  EU.Netherlands (5.7%), EU.France
  (5.6%), EU.Belgium (3.3%),
  EU.Sweden (2.9%), EU.Portugal
  (0.5%)



Mature
Phase

National/
international
level

Stock level

Europe(EU) NE Atl -- CODIS -- Atlantic cod Irish Sea

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Ireland
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predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus morhua
from regions:
  EU.Ireland (49.6%), EU.UK
  (44.8%), EU.Belgium (4.6%),
  EU.France (0.9%)



Mature
Phase

National/
international
level

Stock level

Europe(EU) NE Atl -- CODVIa -- Atlantic cod West of Scotland

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Great Britain
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predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus morhua
from regions:
  EU.UK (61.6%), EU.France (17.1%),
  EU.Ireland (11.2%), Norway
  (9.4%), Faroe.Islands (0.5%),
  EU.Germany (0.2%)



Mature
Phase

National/
international
level

Stock level

Europe(EU) NE Atl -- HADNS-IIIa-VIa -- Haddock ICES 3a-4-6a

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Iceland
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predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Melanogrammus
      > Melanogrammus aeglefinus
from regions:
  Iceland (65.9%), EU.UK (27.8%),
  EU.Denmark (2.2%), Norway (1.7%),
  Faroe.Islands (0.9%), EU.Germany
  (0.7%), EU.Sweden (0.3%),
  EU.France (0.3%)



Mature
Phase

National/
international
level

Stock level

Europe(EU) NE Atl -- HADVIIb-k -- Haddock ICES 7b-k

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: France
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predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Melanogrammus
      > Melanogrammus aeglefinus
from regions:
  EU.France (63.4%), EU.Ireland
  (25%), EU.UK (9.3%), EU.Belgium
  (1.5%), EU.Spain (0.7%),
  EU.Netherlands (0.1%)



Mature
Phase

National/
international
level

Stock level

Europe(EU) NE Atl -- HAKENRTN -- Hake ICES 3a-4-6-7-8abd

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: France
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predictions for taxon:
  Cods, hakes, haddocks
  > Merlucciidae
    > Merluccius
      > Merluccius merluccius
from regions:
  EU.France (40.9%), EU.Spain
  (33.3%), EU.UK (13.9%),
  EU.Denmark (4.1%), EU.Ireland
  (3.3%), Norway (3.1%), EU.Germany
  (0.7%), EU.Netherlands (0.5%),
  EU.Sweden (0.1%), EU.Belgium
  (0.1%)



Mature
Phase

National/
international
level

Stock level

Europe(EU) NE Atl -- HERR30-31 -- Herring Subdivisions 30-31

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Finland
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Observed
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predictions for taxon:
  Herrings, sardines, anchovies
  > Clupeidae
    > Clupea
      > Clupea harengus
from regions:
  EU.Finland (92.8%), EU.Sweden
  (7.2%)



Mature
Phase

National/
international
level

Stock level

Europe(EU) NE Atl -- HERRRIGA -- Herring Gulf of Riga East of Gotland

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Estonia
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Observed
Predicted

predictions for taxon:
  Herrings, sardines, anchovies
  > Clupeidae
    > Clupea
      > Clupea harengus
from regions:
  EU.Estonia (55.4%), EU.Latvia
  (42.7%), EU.Germany (1.9%)



Mature
Phase

National/
international
level

Stock level

Europe(EU) NE Atl -- HERRVIaVIIbc -- Herring ICES 5a-7bc

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Great Britain
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Observed
Predicted

predictions for taxon:
  Herrings, sardines, anchovies
  > Clupeidae
    > Clupea
      > Clupea harengus
from regions:
  EU.UK (46.2%), EU.Ireland (30%),
  EU.Netherlands (12.5%),
  EU.Germany (8.4%), Faroe.Islands
  (1.5%), EU.France (1.1%),
  EU.Lithuania (0.2%)



Mature
Phase

National/
international
level

Stock level

Europe(EU) NE Atl -- MACKNEICES -- Mackerel ICES Northeast Atlantic

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: single-species,   primary country: Norway
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Observed
Predicted

predictions for taxon:
  Miscellaneous pelagic fishes
  > Scombridae
    > Scomber
      > Scomber scombrus
from regions:
  Norway (28.1%), EU.UK (27.2%),
  Faroe.Islands (11.8%), EU.Ireland
  (9.8%), EU.Denmark (5.2%),
  EU.Netherlands (4.5%), EU.Germany
  (3.3%), EU.Spain (3.2%), Iceland
  (2.8%), EU.France (2.7%),
  EU.Portugal (0.7%), EU.Sweden
  (0.6%), EU.Lithuania (0.2%)
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Stock level

Europe(EU) NE Atl -- NPOUTIIIa-IV -- Norway pout ICES 3a-4

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: Denmark
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Trisopterus
      > Trisopterus esmarkii
from regions:
  EU.Denmark (52.1%), Norway
  (46.7%), Faroe.Islands (1%),
  EU.Sweden (0.1%)
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Stock level

Europe(EU) NE Atl -- PLAICNS -- European plaice North Sea

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: Netherlands
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Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Pleuronectes
      > Pleuronectes platessa
from regions:
  EU.Netherlands (38.8%),
  EU.Denmark (25.7%), EU.UK
  (21.1%), EU.Belgium (6.6%),
  EU.Germany (5.4%), Norway (1.5%),
  EU.Sweden (0.4%), EU.France
  (0.4%)
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Stock level

Europe(EU) NE Atl -- SEELNSSA1 -- Sand eel Sandeel Area 1

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Denmark
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Ammodytidae
    > Ammodytes
      > Ammodytes marinus
from regions:
  EU.Denmark (69.3%), Norway
  (19.8%), EU.Sweden (7.2%),
  EU.Germany (2.3%), EU.UK (0.9%),
  Faroe.Islands (0.3%),
  EU.Lithuania (0.2%)



Mature
Phase

National/
international
level

Stock level

Europe(EU) NE Atl -- SEELNSSA2 -- Sand eel Sandeel Area 2

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Denmark
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Ammodytidae
    > Ammodytes
      > Ammodytes marinus
from regions:
  EU.Denmark (69.3%), Norway
  (19.8%), EU.Sweden (7.2%),
  EU.Germany (2.3%), EU.UK (0.9%),
  Faroe.Islands (0.3%),
  EU.Lithuania (0.2%)
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Stock level

Europe(EU) NE Atl -- SEELNSSA3 -- Sand eel Sandeel Area 3

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Denmark
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Ammodytidae
    > Ammodytes
      > Ammodytes marinus
from regions:
  EU.Denmark (77.6%), Norway
  (19.9%), EU.Sweden (2.5%)
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level

Stock level

Europe(EU) NE Atl -- SPRAT22-32 -- Sprat Baltic Areas 22-32

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Poland
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Observed
Predicted

predictions for taxon:
  Herrings, sardines, anchovies
  > Clupeidae
    > Sprattus
      > Sprattus sprattus
from regions:
  EU.Poland (22.5%), EU.Sweden
  (20.6%), EU.Latvia (15.3%),
  EU.Estonia (14%), EU.Denmark
  (13%), EU.Finland (6.2%),
  EU.Germany (5.7%), EU.Lithuania
  (2.8%)
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level

Stock level

Europe(EU) NE Atl -- WHITNS-VIId -- Whiting ICES 4-7d

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Great Britain
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Merlangius
      > Merlangius merlangus
from regions:
  EU.UK (56.8%), EU.France (33.1%),
  EU.Netherlands (5.1%), EU.Denmark
  (1.9%), Norway (1.6%), EU.Belgium
  (0.9%), EU.Germany (0.5%)
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level

Stock level

Europe(EU) NE Atl -- WHITVIIek -- Whiting Celtic Sea

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: France
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Merlangius
      > Merlangius merlangus
from regions:
  EU.France (72.8%), EU.UK (23.9%),
  EU.Netherlands (2.9%), EU.Belgium
  (0.4%)
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Phase
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level

Stock level

Europe(non-EU) NE Atl -- CAPEIIa-V-XIV -- Capelin ICES 2a-5-14

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Iceland
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Observed
Predicted

predictions for taxon:
  Miscellaneous pelagic fishes
  > Osmeridae
    > Mallotus
      > Mallotus villosus
from regions:
  Iceland (72%), Norway (22.3%),
  Faroe.Islands (5.1%), EU.Denmark
  (0.6%)
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Stock level

Europe(non-EU) NE Atl -- CODFAPL -- Atlantic cod Faroe Plateau

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Faroe Islands
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus morhua
from regions:
  Faroe.Islands (97.7%), EU.UK
  (2%), Norway (0.2%)



Mature
Phase

National/
international
level

Stock level

Europe(non-EU) NE Atl -- CODICE -- Atlantic cod Iceland Grounds

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Iceland
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus morhua
from regions:
  Iceland (99.2%), Faroe.Islands
  (0.8%)



Developing

Mature
Phase

National/
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level

Stock level

Europe(non-EU) NE Atl -- CODNEAR -- Atlantic cod North-East Arctic

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Norway
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus morhua
from regions:
  Norway (79.7%), Faroe.Islands
  (5.3%), EU.Spain (3.3%), Iceland
  (3.3%), EU.UK (3.1%), EU.Germany
  (1.9%), EU.France (1.2%),
  EU.Portugal (1.1%), EU.Poland
  (1%)
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Stock level

Europe(non-EU) NE Atl -- HADICE -- Haddock Iceland Grounds

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Iceland
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Melanogrammus
      > Melanogrammus aeglefinus
from regions:
  Iceland (98.7%), Faroe.Islands
  (1.3%)
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Stock level

Europe(non-EU) NE Atl -- HADNEAR -- Haddock North-East Arctic

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Norway
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Melanogrammus
      > Melanogrammus aeglefinus
from regions:
  Norway (93.7%), Faroe.Islands
  (2.1%), Iceland (1.2%),
  EU.Germany (1.1%), EU.UK (0.9%),
  EU.Portugal (0.4%), EU.Poland
  (0.3%), EU.France (0.2%)
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Stock level

Europe(non-EU) NE Atl -- HERRIsum -- Herring Iceland (Summer spawners)

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Iceland
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Observed
Predicted

predictions for taxon:
  Herrings, sardines, anchovies
  > Clupeidae
    > Clupea
      > Clupea harengus
from regions:
  Iceland (99%), Faroe.Islands (1%)
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level

Stock level

Europe(non-EU) NE Atl -- HERRNORSS -- Herring ICES 1-2-4a-5-14a (Norwegian Spring Spawners)

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Norway
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Observed
Predicted

predictions for taxon:
  Herrings, sardines, anchovies
  > Clupeidae
    > Clupea
      > Clupea harengus
from regions:
  Norway (57.3%), Iceland (19.6%),
  Faroe.Islands (5.8%), EU.Denmark
  (5.5%), EU.UK (4.6%),
  EU.Netherlands (3.7%), EU.Germany
  (1.6%), EU.France (0.6%),
  EU.Sweden (0.6%), EU.Ireland
  (0.4%)



Developing

Mature
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Stock level

Europe(non-EU) NE Atl -- POLLFAPL -- Pollock Faroe Plateau

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: Faroe Islands
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Pollachius
      > Pollachius virens
from regions:
  Faroe.Islands (99.3%), EU.UK
  (0.6%)
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Stock level

Europe(non-EU) NE Atl -- POLLIEG -- Pollock Iceland Grounds

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Iceland
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Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- ANCHMEDGSA16 -- Anchovy South of Sicily

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Italy
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  Herrings, sardines, anchovies
  > Engraulidae
    > Engraulis
      > Engraulis encrasicolus
from regions:
  EU.Italy (100%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- ANCHMEDGSA29 -- Anchovy Black Sea

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: mixed-species,   primary country: Turkey
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  Herrings, sardines, anchovies
  > Engraulidae
    > Engraulis
      > Engraulis encrasicolus
from regions:
  EU.Bulgaria (62.7%), EU.Romania
  (37.3%)



Mature
Phase

National/
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level

Stock level

Europe-Med/Black Sea -- ANCHMEDGSA7 -- Anchovy Gulf of Lions

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: France
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  Herrings, sardines, anchovies
  > Engraulidae
    > Engraulis
      > Engraulis encrasicolus
from regions:
  EU.France (98.6%), EU.Spain
  (1.4%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- ANGLMEDGSA5 -- Black bellied angler Balearic Island

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: Spain
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  Miscellaneous demersal fishes
  > Lophiidae
    > Lophius
      > Lophius budegassa
from regions:
  EU.Spain (100%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- MHMACKMEDGSA29 -- Mediterranean horse mackerel Black Sea

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: Turkey
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predictions for taxon:
  Miscellaneous pelagic fishes
  > Carangidae
    > Trachurus
      > Trachurus mediterraneus
from regions:
  EU.Bulgaria (88.5%), EU.Romania
  (11.5%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- NEPHMEDGSA15-16 -- Norway lobster Malta Island and South of Sicily (GSA 15, 16)

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: Italy
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predictions for taxon:
  Lobsters, spiny-rock lobsters
  > Nephropidae
    > Nephrops
      > Nephrops norvegicus
from regions:
  EU.Italy (99.4%), EU.Malta (0.6%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- RDSHRMPMEDGSA1 -- Red shrimp Northern Alboran Sea

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: Spain
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predictions for taxon:
  Shrimps, prawns
  > Aristeidae
    > Aristeus
      > Aristeus antennatus
from regions:
  EU.Spain (100%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- RDSHRMPMEDGSA6 -- Red shrimp Northern Spain

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: Spain
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  Shrimps, prawns
  > Aristeidae
    > Aristeus
      > Aristeus antennatus
from regions:
  EU.Spain (100%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- RMULLMEDGSA29 -- Red mullet Black Sea

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: Turkey
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predictions for taxon:
  Miscellaneous coastal fishes
  > Mullidae
    > Mullus
      > Mullus barbatus
from regions:
  EU.Bulgaria (96.4%), EU.Romania
  (3.6%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- RMULLMEDGSA6 -- Red mullet Northern Spain

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: Spain
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predictions for taxon:
  Miscellaneous coastal fishes
  > Mullidae
    > Mullus
      > Mullus barbatus
from regions:
  EU.Spain (100%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- RMULLMEDGSA7 -- Red mullet Gulf of Lions

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: France
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  Miscellaneous coastal fishes
  > Mullidae
    > Mullus
      > Mullus barbatus
from regions:
  EU.France (86.9%), EU.Spain
  (13.1%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- RSHRMPMEDGSA1 -- Deep water rose shrimp Northern Alboran Sea

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: Spain
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  Shrimps, prawns
  > Penaeidae
    > Parapenaeus
      > Parapenaeus longirostris
from regions:
  EU.Spain (100%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- RSHRMPMEDGSA5 -- Deep water rose shrimp Balearic Island

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: Spain
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  Shrimps, prawns
  > Penaeidae
    > Parapenaeus
      > Parapenaeus longirostris
from regions:
  EU.Spain (100%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- SARDMEDGSA16 -- Sardine South of Sicily

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Italy
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predictions for taxon:
  Herrings, sardines, anchovies
  > Clupeidae
    > Sardina
      > Sardina pilchardus
from regions:
  EU.Italy (100%)



Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- SARDMEDGSA17-18 -- Sardine Adriatic Sea (GSA 17,18)

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Italy
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  Herrings, sardines, anchovies
  > Clupeidae
    > Sardina
      > Sardina pilchardus
from regions:
  EU.Croatia (87.9%), EU.Italy
  (12.1%)



Mature
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level

Stock level

Europe-Med/Black Sea -- SARDMEDGSA6 -- European pilchard Northern Spain

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Spain
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  Herrings, sardines, anchovies
  > Clupeidae
    > Sardina
      > Sardina pilchardus
from regions:
  EU.Spain (100%)



Developing

Mature
Phase

National/
international
level

Stock level

Europe-Med/Black Sea -- SARDMEDGSA7 -- Sardine Gulf of Lions

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: France
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predictions for taxon:
  Herrings, sardines, anchovies
  > Clupeidae
    > Sardina
      > Sardina pilchardus
from regions:
  EU.France (98.4%), EU.Spain
  (1.6%)
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Phase
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level

Stock level

Europe-Med/Black Sea -- SMULLMEDGSA5 -- Surmullet Balearic Island

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: Spain
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  Miscellaneous coastal fishes
  > Mullidae
    > Mullus
      > Mullus surmuletus
from regions:
  EU.Spain (100%)
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level

Stock level

Europe-Med/Black Sea -- SPRBLKGSA29 -- Sprat Black Sea

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: mixed-species,   primary country: Ukraine
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  Herrings, sardines, anchovies
  > Clupeidae
    > Sprattus
      > Sprattus sprattus
from regions:
  EU.Bulgaria (93.1%), EU.Romania
  (6.9%)
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level

Stock level

Europe-Med/Black Sea -- TURBLKGSA29 -- Turbot Black Sea

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: Turkey
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Phase

National/
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level

Stock level

Japan -- APOLLNSJ -- Walleye pollock Sea of Japan North

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Japan
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predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus chalcogrammus
from regions:
  Japan (100%)
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Stock level

Japan -- APOLLPJPN -- Walleye pollock Pacific Coast of Japan

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Japan
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  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus chalcogrammus
from regions:
  Japan (100%)



Mature
Phase

National/
international
level

Stock level

Japan -- BMACKECS -- Spotted mackerel East China Sea

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: Japan
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  Miscellaneous pelagic fishes
  > Scombridae
    > Scomber
      > Scomber australasicus
from regions:
  Japan (100%)
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Stock level

Japan -- BMACKPJPN -- Spotted mackerel Pacific Coast of Japan

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: Japan
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  > Scombridae
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      > Scomber australasicus
from regions:
  Japan (100%)
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Stock level

Japan -- CMACKPJPN -- Chub mackerel Pacific Coast of Japan

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: Japan
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      > Scomber japonicus
from regions:
  Japan (100%)



Mature
Phase

National/
international
level

Stock level

Japan -- CMACKTSST -- Chub mackerel Tsushima Strait

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: Japan
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  Miscellaneous pelagic fishes
  > Scombridae
    > Scomber
      > Scomber japonicus
from regions:
  Japan (100%)



Mature
Phase

National/
international
level

Stock level

Japan -- JAMBERJPN -- Japanese amberjack Japan

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: Japan
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  > Carangidae
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      > Seriola quinqueradiata
from regions:
  Japan (100%)
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level

Stock level

Japan -- JANCHOPJPN -- Japanese anchovy Pacific Coast of Japan

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Japan
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  > Engraulidae
    > Engraulis
      > Engraulis japonicus
from regions:
  Japan (100%)



Mature
Phase

National/
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level

Stock level

Japan -- JANCHOSETO -- Japanese anchovy Inland Sea of Japan

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Japan
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      > Engraulis japonicus
from regions:
  Japan (100%)



Mature
Phase

National/
international
level

Stock level

Japan -- JANCHOTSST -- Japanese anchovy Tsushima Strait

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: mixed-species,   primary country: Japan
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  Herrings, sardines, anchovies
  > Engraulidae
    > Engraulis
      > Engraulis japonicus
from regions:
  Japan (100%)



Developing

Mature
Phase

National/
international
level

Stock level

Japan -- JCSQUIDJPNAR -- Japanese flying squid Japan Autumn recruitment

taxonomic group: invertebrate (Molluscs),   predominant fishery type: single-species,   primary country: Japan
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  Squids, cuttlefishes, octopuses
  > Ommastrephidae
    > Todarodes
      > Todarodes pacificus
from regions:
  Japan (100%)



Mature
Phase

National/
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level

Stock level

Japan -- JCSQUIDJPNWR -- Japanese flying squid Japan Winter recruitment

taxonomic group: invertebrate (Molluscs),   predominant fishery type: single-species,   primary country: Japan
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  Squids, cuttlefishes, octopuses
  > Ommastrephidae
    > Todarodes
      > Todarodes pacificus
from regions:
  Japan (100%)
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level

Stock level

Japan -- JMACKPJPN -- Japanese jack mackerel Pacific Coast of Japan

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: Japan
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    > Trachurus
      > Trachurus japonicus
from regions:
  Japan (100%)



Mature
Phase

National/
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level

Stock level

Japan -- JMACKTSST -- Japanese jack mackerel Tsushima Strait

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: Japan
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  Miscellaneous pelagic fishes
  > Carangidae
    > Trachurus
      > Trachurus japonicus
from regions:
  Japan (100%)



Mature
Phase

National/
international
level

Stock level

Japan -- KCROCKNPAC -- Kichiji rockfish North Pacific

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: Japan
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predictions for taxon:
  Miscellaneous demersal fishes
  > Sebastidae
    > Sebastolobus
      > Sebastolobus macrochir
from regions:
  Japan (100%)



Mature
Phase

National/
international
level

Stock level

Japan -- PCODNPAC -- Pacific cod North Pacific

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Japan
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  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus macrocephalus
from regions:
  Japan (100%)
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level

Stock level

Japan -- PHFLOUNSOJ -- Pointhead flounder Sea of Japan

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: Japan
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  Flounders, halibuts, soles
  > Pleuronectidae
    > Cleisthenes
      > Cleisthenes herzensteini
from regions:
  Japan (100%)



Mature
Phase

National/
international
level

Stock level

Japan -- PILCHPJPN -- Japanese sardine Pacific Coast of Japan

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: mixed-species,   primary country: Japan
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  Herrings, sardines, anchovies
  > Clupeidae
    > Sardinops
      > Sardinops sagax
from regions:
  Japan (100%)
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level

Stock level

Japan -- PILCHTSST -- Japanese sardine Tsushima Strait

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: mixed-species,   primary country: Japan
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    > Sardinops
      > Sardinops sagax
from regions:
  Japan (100%)



Developing

Mature
Phase

National/
international
level

Stock level

Japan -- RHERRTSST -- Round herring Tsushima Strait

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: mixed-species,   primary country: Japan
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predictions for taxon:
  Herrings, sardines, anchovies
  > Dussumieriidae
    > Etrumeus
      > Etrumeus teres
from regions:
  Japan (100%)



Mature
Phase

National/
international
level

Stock level

Japan -- RSFLOUNSOJ -- Round nose flounder Sea of Japan

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: Japan
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Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Eopsetta
      > Eopsetta grigorjewi
from regions:
  Japan (100%)



Mature
Phase

National/
international
level

Stock level

Japan -- SNOWCRABNPAC -- Snow crab North Pacific

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: Japan
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Observed
Predicted

predictions for taxon:
  Crabs, sea-spiders
  > Oregoniidae
    > Chionoecetes
      > Chionoecetes opilio
from regions:
  Japan (100%)



Mature
Phase

National/
international
level

Stock level

Japan -- SSANDWSJ -- Sailfin sandfish Sea of Japan West

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: Japan
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Observed
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predictions for taxon:
  Miscellaneous demersal fishes
  > Trichodontidae
    > Arctoscopus
      > Arctoscopus japonicus
from regions:
  Japan (100%)



Mature
Phase

National/
international
level

Stock level

Japan -- WLFLOUNNPAC -- Willowy flounder North Pacific

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: Japan
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Observed
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predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Tanakius
      > Tanakius kitaharae
from regions:
  Japan (100%)



Developing

Mature
Phase

National/
international
level

Stock level

New Zealand -- BKCDLFENI -- Black cardinalfish East coast of North Island

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: single-species,   primary country: New Zealand
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Observed
Predicted

predictions for taxon:
  Miscellaneous demersal fishes
  > Epigonidae
    > Epigonus
      > Epigonus telescopus
from regions:
  New.Zealand (100%)



Mature
Phase

National/
international
level

Stock level

New Zealand -- BLACKOREOWECR -- Black oreo West end of Chatham Rise

taxonomic group: pelagic fish (Other marine fish),   predominant fishery type: single-species,   primary country: New Zealand
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Observed
Predicted

predictions for taxon:
  Miscellaneous demersal fishes
  > Oreosomatidae
    > Allocyttus
      > Allocyttus niger
from regions:
  New.Zealand (100%)



Developing

Mature
Phase

National/
international
level

Stock level

New Zealand -- BNSNZ -- Bluenose New Zealand

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: New Zealand
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Observed
Predicted

predictions for taxon:
  Miscellaneous demersal fishes
  > Centrolophidae
    > Hyperoglyphe
      > Hyperoglyphe antarctica
from regions:
  New.Zealand (100%)



Developing

Mature
Phase

National/
international
level

Stock level

New Zealand -- HOKIWNZ -- Hoki Western New Zealand

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: New Zealand
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Merlucciidae
    > Macruronus
      > Macruronus novaezelandiae
from regions:
  New.Zealand (100%)



Mature
Phase

National/
international
level

Stock level

New Zealand -- NZSNAPNZ1BOP-HAGU -- New Zealand snapper New Zealand SNA 1 Bay of Plenty and Hauraki Gulf

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: New Zealand
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Sparidae
    > Chrysophrys
      > Chrysophrys auratus
from regions:
  New.Zealand (100%)



Developing

Mature
Phase

National/
international
level

Stock level

New Zealand -- NZSNAPNZ7 -- New Zealand snapper New Zealand SNA 7

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: New Zealand
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Sparidae
    > Chrysophrys
      > Chrysophrys auratus
from regions:
  New.Zealand (100%)



Developing

Mature
Phase

National/
international
level

Stock level

New Zealand -- NZSNAPNZ8 -- New Zealand snapper New Zealand Area 8 (Auckland and Central West)

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: New Zealand
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Sparidae
    > Chrysophrys
      > Chrysophrys auratus
from regions:
  New.Zealand (100%)



Developing

Mature
Phase

National/
international
level

Stock level

New Zealand -- OROUGHYNWCR -- Orange roughy Northwest Chatham Rise

taxonomic group: pelagic fish (Other marine fish),   predominant fishery type: single-species,   primary country: New Zealand
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Observed
Predicted

predictions for taxon:
  Miscellaneous demersal fishes
  > Trachichthyidae
    > Hoplostethus
      > Hoplostethus atlanticus
from regions:
  New.Zealand (100%)



Developing

Mature
Phase

National/
international
level

Stock level

New Zealand -- OROUGHYNZ7A -- Orange roughy New Zealand Challenger Plateau

taxonomic group: pelagic fish (Other marine fish),   predominant fishery type: single-species,   primary country: New Zealand
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Observed
Predicted

predictions for taxon:
  Miscellaneous demersal fishes
  > Trachichthyidae
    > Hoplostethus
      > Hoplostethus atlanticus
from regions:
  New.Zealand (100%)



Developing

Mature
Phase

National/
international
level

Stock level

New Zealand -- OROUGHYNZMEC -- Orange roughy New Zealand Mid East Coast

taxonomic group: pelagic fish (Other marine fish),   predominant fishery type: single-species,   primary country: New Zealand

Supplementary Figure 1,
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Observed
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predictions for taxon:
  Miscellaneous demersal fishes
  > Trachichthyidae
    > Hoplostethus
      > Hoplostethus atlanticus
from regions:
  New.Zealand (100%)



Developing

Mature
Phase

National/
international
level

Stock level

New Zealand -- PAUAPAU5B -- Paua New Zealand Area PAU 5B (Stewart Island)

taxonomic group: invertebrate (Molluscs),   predominant fishery type: single-species,   primary country: New Zealand
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Observed
Predicted

predictions for taxon:
  Abalones, winkles, conchs
  > Haliotidae
    > Haliotis
      > Haliotis iris
from regions:
  New.Zealand (100%)



Developing

Mature
Phase

National/
international
level

Stock level

New Zealand -- PAUAPAU5D -- Paua New Zealand Area PAU 5D (Otago)

taxonomic group: invertebrate (Molluscs),   predominant fishery type: single-species,   primary country: New Zealand
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Observed
Predicted

predictions for taxon:
  Abalones, winkles, conchs
  > Haliotidae
    > Haliotis
      > Haliotis iris
from regions:
  New.Zealand (100%)



Developing

Mature
Phase

National/
international
level

Stock level

New Zealand -- PAUAPAU7 -- Paua New Zealand Area PAU 7 (Marlborough)

taxonomic group: invertebrate (Molluscs),   predominant fishery type: single-species,   primary country: New Zealand
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Observed
Predicted

predictions for taxon:
  Abalones, winkles, conchs
  > Haliotidae
    > Haliotis
      > Haliotis iris
from regions:
  New.Zealand (100%)



Developing

Mature
Phase

National/
international
level

Stock level

New Zealand -- RROCKLOBSTERCRA1 -- Red rock lobster New Zealand Area CRA1

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: New Zealand
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Stock level

New Zealand -- RROCKLOBSTERCRA2 -- Red rock lobster New Zealand Area CRA2

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: New Zealand
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from regions:
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Developing

Mature
Phase
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Stock level

New Zealand -- RROCKLOBSTERCRA3 -- Red rock lobster New Zealand Area CRA3

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: New Zealand
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Developing
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Stock level

New Zealand -- RROCKLOBSTERCRA4 -- Red rock lobster New Zealand Area CRA4

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: New Zealand
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Phase
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Stock level

New Zealand -- RROCKLOBSTERCRA5 -- Red rock lobster New Zealand Area CRA5

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: New Zealand
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Phase
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Stock level

New Zealand -- RROCKLOBSTERCRA7 -- Red rock lobster New Zealand Area CRA7

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: New Zealand
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Phase
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international
level

Stock level

New Zealand -- RROCKLOBSTERCRA8 -- Red rock lobster New Zealand Area CRA8

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: New Zealand
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Mature
Phase
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level

Stock level

New Zealand -- SBWHITACIR -- Southern blue whiting Campbell Island Rise

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: New Zealand
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  Cods, hakes, haddocks
  > Gadidae
    > Micromesistius
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from regions:
  New.Zealand (100%)



Developing

Mature
Phase
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level

Stock level

New Zealand -- SMOOTHOREOEPR -- Smooth oreo East Pukaki Rise

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: single-species,   primary country: New Zealand
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  > Oreosomatidae
    > Pseudocyttus
      > Pseudocyttus maculatus
from regions:
  New.Zealand (100%)



Developing
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Stock level

New Zealand -- SMOOTHOREOSLD -- Smooth oreo Southland

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: single-species,   primary country: New Zealand
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  > Oreosomatidae
    > Pseudocyttus
      > Pseudocyttus maculatus
from regions:
  New.Zealand (100%)



Mature
Phase
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level

Stock level

Russia-East Coast -- WPOLLNAVAR -- Walleye pollock Navarinsky

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: Russia
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  none (100%)



Mature
Phase

National/
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level

Stock level

Russia-East Coast -- WPOLLNSO -- Walleye pollock Northern Sea of Okhotsk

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: Russia
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  > Gadidae
    > Gadus
      > Gadus chalcogrammus
from regions:
  none (100%)



Mature
Phase

National/
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level

Stock level

Russia-East Coast -- WPOLLWBS -- Walleye pollock Western Bering Sea

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Russia
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  > Gadidae
    > Gadus
      > Gadus chalcogrammus
from regions:
  none (100%)
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level

Stock level

South Africa -- ANCHOSA -- Anchovy South Africa

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: mixed-species,   primary country: South Africa
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  Herrings, sardines, anchovies
  > Engraulidae
    > Engraulis
      > Engraulis encrasicolus
from regions:
  none (100%)



Mature
Phase
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international
level

Stock level

South Africa -- CHAKESA -- Shallow water cape hake South Africa

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: South Africa
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  Cods, hakes, haddocks
  > Merlucciidae
    > Merluccius
      > Merluccius capensis
from regions:
  none (100%)
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Stock level

South Africa -- CRLOBSTERSA12 -- West coast rock lobster South Africa Areas 1-2

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: South Africa
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  Lobsters, spiny-rock lobsters
  > Palinuridae
    > Jasus
      > Jasus lalandii
from regions:
  none (100%)
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Stock level

South Africa -- CRLOBSTERSA34 -- West coast rock lobster South Africa Areas 3-4

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: South Africa
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from regions:
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Stock level

South Africa -- CRLOBSTERSA56 -- West coast rock lobster South Africa Areas 5-6

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: South Africa
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from regions:
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Stock level

South Africa -- CRLOBSTERSA7 -- West coast rock lobster South Africa Area 7

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: South Africa
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Stock level

South Africa -- CRLOBSTERSA8 -- West coast rock lobster South Africa Area 8

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: South Africa
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  Lobsters, spiny-rock lobsters
  > Palinuridae
    > Jasus
      > Jasus lalandii
from regions:
  none (100%)



Developing

Mature
Phase

National/
international
level

Stock level

South Africa -- CTRACSA -- Cape horse mackerel South Africa South coast

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: South Africa
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predictions for taxon:
  Miscellaneous pelagic fishes
  > Carangidae
    > Trachurus
      > Trachurus capensis
from regions:
  none (100%)



Developing

Mature
Phase

National/
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level

Stock level

South Africa -- DEEPCHAKESA -- Deep water cape hake South Africa

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: South Africa
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predictions for taxon:
  Cods, hakes, haddocks
  > Merlucciidae
    > Merluccius
      > Merluccius paradoxus
from regions:
  none (100%)



Mature
Phase

National/
international
level

Stock level

South Africa -- KINGKLIPSA -- Kingklip South Africa

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: South Africa

Supplementary Figure 1,
page 153 of 289

Surveys

Assessments

HCR

TACs

EEZ declaration

Marine Living Resources Act

UN CA/FSA ratification

0.5

1.0

1.5

2.0

B
B

R
E

F

TBdivTBmsy-est-dimensionless = 1

Rebuilding plan

0.5

1.0

1.5

2.0

U
U

R
E

F

ERdivERmsy-est-dimensionless = 1

0

2000

4000

6000

8000

10000

C
at

ch
 (

t)

MSY: MSY-MT

mean catch: MT

0

500

1000

1500

2000

2500

3000 Mean predicted price 2001-2010

R
ea

l p
ric

e 
(2

01
5 

$U
S

D
/t)

1950 1960 1970 1980 1990 2000 2010

Observed
Predicted

predictions for taxon:
  Miscellaneous demersal fishes
  > Ophidiidae
    > Genypterus
      > Genypterus capensis
from regions:
  none (100%)



Mature
Phase

National/
international
level

Stock level

South Africa -- PTOOTHFISHPEI -- Patagonian toothfish South Africa Subantarctic Prince Edward Islands

taxonomic group: pelagic fish (Other marine fish),   predominant fishery type: single-species,   primary country: South Africa
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predictions for taxon:
  Miscellaneous demersal fishes
  > Nototheniidae
    > Dissostichus
      > Dissostichus eleginoides
from regions:
  none (100%)



Developing

Mature
Phase

National/
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level

Stock level

South Africa -- SAABALONESA -- South African abalone South Africa

taxonomic group: invertebrate (Molluscs),   predominant fishery type: single-species,   primary country: South Africa
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predictions for taxon:
  Abalones, winkles, conchs
  > Haliotidae
    > Haliotis
      > Haliotis midae
from regions:
  none (100%)



Developing

Mature
Phase

National/
international
level

Stock level

South Africa -- SSLOBSTERSASC -- Southern spiny lobster South Africa South coast

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: South Africa
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predictions for taxon:
  Lobsters, spiny-rock lobsters
  > Palinuridae
    > Palinurus
      > Palinurus gilchristi
from regions:
  none (100%)



Mature
Phase

National/
international
level

Stock level

South America -- ARGHAKENARG -- Argentine hake Northern Argentina

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: Argentina
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predictions for taxon:
  Cods, hakes, haddocks
  > Merlucciidae
    > Merluccius
      > Merluccius hubbsi
from regions:
  Chile (100%)



Mature
Phase
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level

Stock level

South America -- ARGHAKESARG -- Argentine hake Southern Argentina

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: Argentina
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  Cods, hakes, haddocks
  > Merlucciidae
    > Merluccius
      > Merluccius hubbsi
from regions:
  Chile (100%)



Developing

Mature
Phase

National/
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level

Stock level

South America -- CHTRACCH -- Chilean jack mackerel Chilean EEZ and offshore

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: single-species,   primary country: Chile
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predictions for taxon:
  Miscellaneous pelagic fishes
  > Carangidae
    > Trachurus
      > Trachurus murphyi
from regions:
  none (100%)



Mature
Phase

National/
international
level

Stock level

South America -- PANCHPERUNC -- Peruvian anchoveta North-Central Peruvian coast

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: Peru
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  Herrings, sardines, anchovies
  > Engraulidae
    > Engraulis
      > Engraulis ringens
from regions:
  Peru (100%)



Mature
Phase

National/
international
level

Stock level

South America -- PATGRENADIERCH -- Patagonian grenadier Central-Southern Chile

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Chile
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  Cods, hakes, haddocks
  > Merlucciidae
    > Macruronus
      > Macruronus magellanicus
from regions:
  Chile (100%)



Developing

Mature
Phase

National/
international
level

Stock level

South America -- PATGRENADIERSARG -- Patagonian grenadier Southern Argentina

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: Argentina
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  Cods, hakes, haddocks
  > Merlucciidae
    > Macruronus
      > Macruronus magellanicus
from regions:
  Chile (100%)



Developing

Mature
Phase
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level

Stock level

South America -- PCEELARGS -- Pink cusk eel Southern Argentina

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: Argentina
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predictions for taxon:
  Miscellaneous demersal fishes
  > Ophidiidae
    > Genypterus
      > Genypterus blacodes
from regions:
  Chile (100%)



Mature
Phase

National/
international
level

Stock level

South America -- PCEELCSCH -- Pink cusk eel Central-Southern Chile

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: Chile
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  Miscellaneous demersal fishes
  > Ophidiidae
    > Genypterus
      > Genypterus blacodes
from regions:
  Chile (100%)



Developing

Mature
Phase

National/
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level

Stock level

South America -- SBWHITARGS -- Southern blue whiting Southern Argentina

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: Argentina
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predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Micromesistius
      > Micromesistius australis
from regions:
  Chile (100%)



Developing
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Phase
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international
level

Stock level

South America -- SBWHITCH -- Southern blue whiting Central-Southern Chile

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: Chile

Supplementary Figure 1,
page 166 of 289

TACs

Surveys

Assessments

IQs

EEZ declaration (1947)

Fishing and Aquaculture Act

UN CA/FSA ratification

SSBdivSSBmgt-calc-dimensionless = 0.50.5

1.0

2.0

5.0

B
B

R
E

F

SSBdivSSBmgt-calc-dimensionless = 1

0.05

0.10

0.20

0.50

1.00

2.00

U
U

R
E

F

FdivFmsy-dimensionless = 1

0

20000

40000

60000

80000

C
at

ch
 (

t)

MSY: MSY-est-MT

mean catch: MT

0

100

200

300

400

500

600
Mean predicted price 2001-2010

R
ea

l p
ric

e 
(2

01
5 

$U
S

D
/t)

1950 1960 1970 1980 1990 2000 2010

Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Micromesistius
      > Micromesistius australis
from regions:
  Chile (100%)



Developing
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level

Stock level

South America -- SOUTHHAKECH -- Southern hake Central-Southern Chile

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Chile
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  > Merlucciidae
    > Merluccius
      > Merluccius australis
from regions:
  Chile (100%)



Developing
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Stock level

South America -- SPHAKECH -- South Pacific hake Central-Southern Chile

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: Chile
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  Cods, hakes, haddocks
  > Merlucciidae
    > Merluccius
      > Merluccius gayi
from regions:
  Chile (100%)



Developing
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Stock level

US-Alaska -- ALPLAICBSAI -- Alaska plaice Bering Sea and Aleutian Islands

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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  Flounders, halibuts, soles
  > Pleuronectidae
    > Pleuronectes
      > Pleuronectes quadrituberculatus
from regions:
  US.Alaska (100%)



Mature
Phase

National/
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level

Stock level

US-Alaska -- ARFLOUNDBSAI -- Arrowtooth flounder Bering Sea and Aleutian Islands

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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  Flounders, halibuts, soles
  > Pleuronectidae
    > Atheresthes
      > Atheresthes stomias
from regions:
  US.Alaska (100%)



Mature
Phase

National/
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level

Stock level

US-Alaska -- ARFLOUNDGA -- Arrowtooth flounder Gulf of Alaska

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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  Flounders, halibuts, soles
  > Pleuronectidae
    > Atheresthes
      > Atheresthes stomias
from regions:
  US.Alaska (100%)



Mature
Phase

National/
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level

Stock level

US-Alaska -- BKINGCRABSMI -- Blue king crab Saint Matthews Island

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: USA
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predictions for taxon:
  King crabs, squat-lobsters
  > Lithodidae
    > Paralithodes
      > Paralithodes platypus
from regions:
  US.Alaska (100%)



Mature
Phase

National/
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level

Stock level

US-Alaska -- DUSROCKGA -- Dusky rockfish Gulf of Alaska

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Miscellaneous demersal fishes
  > Sebastidae
    > Sebastes
      > Sebastes variabilis
from regions:
  US.Alaska (100%)
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Phase
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level

Stock level

US-Alaska -- FLSOLEBSAI -- Flathead sole Bering Sea and Aleutian Islands

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Hippoglossoides
      > Hippoglossoides elassodon
from regions:
  US.Alaska (100%)



Mature
Phase

National/
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level

Stock level

US-Alaska -- GHALBSAI -- Greenland halibut Bering Sea and Aleutian Islands

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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  Flounders, halibuts, soles
  > Pleuronectidae
    > Reinhardtius
      > Reinhardtius hippoglossoides
from regions:
  US.Alaska (100%)
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Phase
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level

Stock level

US-Alaska -- NROCKBSAI -- Northern rockfish Bering Sea and Aleutian Islands

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Miscellaneous demersal fishes
  > Sebastidae
    > Sebastes
      > Sebastes polyspinis
from regions:
  US.Alaska (100%)
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level

Stock level

US-Alaska -- NRSOLEEBSAI -- Northern rock sole Eastern Bering Sea and Aleutian Islands

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Lepidopsetta
      > Lepidopsetta polyxystra
from regions:
  US.Alaska (100%)



Mature
Phase

National/
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level

Stock level

US-Alaska -- PCODBS -- Pacific cod Bering Sea

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: USA
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predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus macrocephalus
from regions:
  US.Alaska (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Alaska -- PERCHEBSAI -- Pacific ocean perch Eastern Bering Sea and Aleutian Islands

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Miscellaneous demersal fishes
  > Sebastidae
    > Sebastes
      > Sebastes alutus
from regions:
  US.Alaska (100%)



Mature
Phase
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level

Stock level

US-Alaska -- PHALNPAC -- Pacific halibut North Pacific

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: single-species,   primary country: USA
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  Flounders, halibuts, soles
  > Pleuronectidae
    > Hippoglossus
      > Hippoglossus stenolepis
from regions:
  US.Alaska (74%), Canada.Pac
  (24%), US.West.Coast (2%)



Developing
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level

Stock level

US-Alaska -- POPERCHGA -- Pacific ocean perch Gulf of Alaska

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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  Miscellaneous demersal fishes
  > Sebastidae
    > Sebastes
      > Sebastes alutus
from regions:
  US.Alaska (100%)
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level

Stock level

US-Alaska -- REYEROCKBSAI -- Rougheye rockfish Bering Sea and Aleutian Islands

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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  Miscellaneous demersal fishes
  > Sebastidae
    > Sebastes
      > Sebastes aleutianus
from regions:
  US.Alaska (100%)
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level

Stock level

US-Alaska -- RKCRABBB -- Red king crab Bristol Bay

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: USA
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predictions for taxon:
  King crabs, squat-lobsters
  > Lithodidae
    > Paralithodes
      > Paralithodes camtschaticus
from regions:
  US.Alaska (100%)



Developing
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international
level

Stock level

US-Alaska -- RKCRABNS -- Red king crab Norton Sound

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: USA
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  King crabs, squat-lobsters
  > Lithodidae
    > Paralithodes
      > Paralithodes camtschaticus
from regions:
  US.Alaska (100%)



Developing
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level

Stock level

US-Alaska -- SNOWCRABBS -- Snow crab Bering Sea

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Crabs, sea-spiders
  > Oregoniidae
    > Chionoecetes
      > Chionoecetes opilio
from regions:
  US.Alaska (100%)



Developing
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level

Stock level

US-Alaska -- TANNERCRABBSAI -- Tanner crab Bering Sea and Aleutian Islands

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: USA
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  Crabs, sea-spiders
  > Oregoniidae
    > Chionoecetes
      > Chionoecetes bairdi
from regions:
  US.Alaska (100%)



Developing
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level

Stock level

US-Alaska -- WPOLLAI -- Walleye pollock Aleutian Islands

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: USA
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  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus chalcogrammus
from regions:
  US.Alaska (100%)



Mature
Phase

National/
international
level

Stock level

US-Alaska -- WPOLLEBS -- Walleye pollock Eastern Bering Sea

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: USA
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  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus chalcogrammus
from regions:
  US.Alaska (100%)



Mature
Phase

National/
international
level

Stock level

US-Alaska -- WPOLLGA -- Walleye pollock Gulf of Alaska

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: USA
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  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus chalcogrammus
from regions:
  US.Alaska (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Alaska -- YSOLEBSAI -- Yellowfin sole Bering Sea and Aleutian Islands

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA

Supplementary Figure 1,
page 190 of 289

Surveys

TACs

Assessments

HCR

IQs

EEZ declaration

UN CA/FSA ratification

Sustainable Fisheries Act

SSBdivSSBmsy-calc-dimensionless = 0.5

0.05

0.10

0.20

0.50

1.00

2.00

B
B

R
E

F

SSBdivSSBmsy-calc-dimensionless = 1

0.5

1.0

2.0

5.0

U
U

R
E

F

FdivFmsy-calc-dimensionless = 1

0e+00

1e+05

2e+05

3e+05

4e+05

5e+05

C
at

ch
 (

t)

MSY: MSY-est-MT
mean catch: MT

0

200

400

600

800

1000

1200

Mean predicted price 2001-2010

R
ea

l p
ric

e 
(2

01
5 

$U
S

D
/t)

1950 1960 1970 1980 1990 2000 2010

Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Limanda
      > Limanda aspera
from regions:
  US.Alaska (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- ACADREDGOMGB -- Acadian redfish Gulf of Maine / Georges Bank

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Miscellaneous demersal fishes
  > Sebastidae
    > Sebastes
      > Sebastes fasciatus
from regions:
  US.New.England (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- AMPL5YZ -- American plaice Gulf of Maine / Georges Bank

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Hippoglossoides
      > Hippoglossoides platessoides
from regions:
  US.New.England (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- ATHAL5YZ -- Atlantic halibut Gulf of Maine / Georges Bank

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Hippoglossus
      > Hippoglossus hippoglossus
from regions:
  US.New.England (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- ATLCROAKMATLC -- Atlantic croaker Mid-Atlantic Coast

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Sciaenidae
    > Micropogonias
      > Micropogonias undulatus
from regions:
  US.Mid.Atl (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- BCRABCHESB -- Blue crab Chesapeake Bay

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Crabs, sea-spiders
  > Portunidae
    > Callinectes
      > Callinectes sapidus
from regions:
  US.Mid.Atl (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- BLUEFISHATLC -- Bluefish Atlantic Coast

taxonomic group: pelagic fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous pelagic fishes
  > Pomatomidae
    > Pomatomus
      > Pomatomus saltatrix
from regions:
  US.Mid.Atl (45%), US.South.Atl
  (41.6%), US.New.England (13.5%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- BSBASSMATLC -- Black sea bass Mid-Atlantic Coast

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Serranidae
    > Centropristis
      > Centropristis striata
from regions:
  US.Mid.Atl (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- CODGB -- Atlantic cod Georges Bank

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus morhua
from regions:
  US.New.England (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- CODGOM -- Atlantic cod Gulf of Maine

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
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predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Gadus
      > Gadus morhua
from regions:
  US.New.England (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- HAD5Y -- Haddock Gulf of Maine

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Melanogrammus
      > Melanogrammus aeglefinus
from regions:
  US.New.England (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- HADGB -- Haddock Georges Bank

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Melanogrammus
      > Melanogrammus aeglefinus
from regions:
  US.New.England (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- HERRNWATLC -- Herring Northwestern Atlantic Coast

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Herrings, sardines, anchovies
  > Clupeidae
    > Clupea
      > Clupea harengus
from regions:
  US.New.England (98.4%),
  US.Mid.Atl (1.6%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- LISQUIDATLC -- Longfin inshore squid Atlantic Coast

taxonomic group: invertebrate (Molluscs),   predominant fishery type: single-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Squids, cuttlefishes, octopuses
  > Loliginidae
    > Doryteuthis
      > Doryteuthis (Amerigo) pealeii
from regions:
  US.Mid.Atl (50%), US.New.England
  (50%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- LOBSTERGOM -- American lobster Gulf of Maine

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Lobsters, spiny-rock lobsters
  > Nephropidae
    > Homarus
      > Homarus americanus
from regions:
  US.New.England (100%)
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level

Stock level

US-Northeast -- MENATLAN -- Atlantic menhaden Atlantic

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: single-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Herrings, sardines, anchovies
  > Clupeidae
    > Brevoortia
      > Brevoortia tyrannus
from regions:
  US.Mid.Atl (81.7%), US.South.Atl
  (15.3%), US.New.England (3%)
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level

Stock level

US-Northeast -- PANDALGOM -- Northern shrimp Gulf of Maine

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: single-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Shrimps, prawns
  > Pandalidae
    > Pandalus
      > Pandalus borealis
from regions:
  US.New.England (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Northeast -- POLL5YZ -- Pollock Gulf of Maine / Georges Bank

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Gadidae
    > Pollachius
      > Pollachius virens
from regions:
  US.New.England (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- SCALL5ZMAB -- Sea scallop Georges Bank and Mid-Atlantic Bight

taxonomic group: invertebrate (Molluscs),   predominant fishery type: single-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Scallops, pectens
  > Pectinidae
    > Placopecten
      > Placopecten magellanicus
from regions:
  US.New.England (65.5%),
  US.Mid.Atl (34.5%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- SCUPNWATLC -- Scup Northwestern Atlantic Coast

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Sparidae
    > Stenotomus
      > Stenotomus chrysops
from regions:
  US.New.England (55.1%),
  US.Mid.Atl (41.5%), US.South.Atl
  (3.3%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- SFLOUNMATLC -- Summer flounder Mid-Atlantic Coast

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Paralichthyidae
    > Paralichthys
      > Paralichthys dentatus
from regions:
  US.Mid.Atl (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- STRIPEDBASSGOMCHATT -- Striped bass Gulf of Maine / Cape Hatteras

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: single-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous diadromous fishes
  > Moronidae
    > Morone
      > Morone saxatilis
from regions:
  US.Mid.Atl (85.3%),
  US.New.England (14.7%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- TILEMATLC -- Tilefish Mid-Atlantic Coast

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: single-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous demersal fishes
  > Malacanthidae
    > Lopholatilus
      > Lopholatilus chamaeleonticeps
from regions:
  US.Mid.Atl (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- WHAKEGBGOM -- White hake Gulf of Maine / Georges Bank

taxonomic group: demersal fish (Gadids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Cods, hakes, haddocks
  > Phycidae
    > Urophycis
      > Urophycis tenuis
from regions:
  US.New.England (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- WINDOWGOMGB -- Windowpane flounder Gulf of Maine / Georges Bank

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Scophthalmidae
    > Scophthalmus
      > Scophthalmus aquosus
from regions:
  US.New.England (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- WINDOWSNEMATL -- Windowpane flounder Southern New England /Mid Atlantic

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Scophthalmidae
    > Scophthalmus
      > Scophthalmus aquosus
from regions:
  US.Mid.Atl (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- WINFLOUN5Z -- Winter flounder Georges Bank

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Pseudopleuronectes
      > Pseudopleuronectes americanus
from regions:
  US.New.England (100%)



Mature
Phase
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international
level

Stock level

US-Northeast -- WINFLOUNSNEMATL -- Winter flounder Southern New England /Mid Atlantic

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA

Supplementary Figure 1,
page 217 of 289

Surveys

Assessments

HCR

TACs

EEZ declaration

UN CA/FSA ratification

Sustainable Fisheries Act

SSBdivSSBmgt-calc-dimensionless = 0.5

0.1

0.2

0.5

1.0

2.0

B
B

R
E

F

SSBdivSSBmgt-calc-dimensionless = 1

Rebuilding plan

0.2

0.5

1.0

2.0

U
U

R
E

F

FdivFmsy-calc-dimensionless = 1

0

5000

10000

15000

C
at

ch
 (

t)

MSY: MSY-MT

mean catch: MT

0

1000

2000

3000

4000

5000

Mean predicted price 2001-2010

R
ea

l p
ric

e 
(2

01
5 

$U
S

D
/t)

1950 1960 1970 1980 1990 2000 2010

Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Pseudopleuronectes
      > Pseudopleuronectes americanus
from regions:
  US.Mid.Atl (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- WITFLOUN5Y -- Witch flounder Gulf of Maine

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Glyptocephalus
      > Glyptocephalus cynoglossus
from regions:
  US.New.England (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- YELLCCODGOM -- Yellowtail flounder Cape Cod / Gulf of Maine

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Limanda
      > Limanda ferruginea
from regions:
  US.New.England (100%)



Mature
Phase

National/
international
level

Stock level

US-Northeast -- YELLGB -- Yellowtail flounder Georges Bank

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
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predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Limanda
      > Limanda ferruginea
from regions:
  US.New.England (100%)



Mature
Phase
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level

Stock level

US-Northeast -- YELLSNEMATL -- Yellowtail flounder Southern New England /Mid Atlantic

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
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predictions for taxon:
  Flounders, halibuts, soles
  > Pleuronectidae
    > Limanda
      > Limanda ferruginea
from regions:
  US.Mid.Atl (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- BHEADSHARATL -- Bonnethead shark Atlantic

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Sharks, rays, chimaeras
  > Sphyrnidae
    > Sphyrna
      > Sphyrna tiburo
from regions:
  US.South.Atl (93.3%),
  US.Gulf.Mexico (6.7%)



Mature
Phase

National/
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level

Stock level

US-Southeast -- BLACKGROUPERGMSATL -- Black grouper Gulf of Mexico and South Atlantic

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Serranidae
    > Mycteroperca
      > Mycteroperca bonaci
from regions:
  US.Gulf.Mexico (86%),
  US.South.Atl (14%)



Developing

Mature
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level

Stock level

US-Southeast -- BNOSESHARATL -- Blacknose shark Atlantic

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Sharks, rays, chimaeras
  > Carcharhinidae
    > Carcharhinus
      > Carcharhinus acronotus
from regions:
  US.South.Atl (86.5%),
  US.Gulf.Mexico (13.5%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- BRNSHRIMPGM -- Brown shrimp Gulf of Mexico

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: USA
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Observed
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predictions for taxon:
  Shrimps, prawns
  > Penaeidae
    > Penaeus
      > Penaeus aztecus
from regions:
  US.Gulf.Mexico (100%)



Mature
Phase

National/
international
level

Stock level

US-Southeast -- BSBASSSATL -- Black sea bass South Atlantic

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Serranidae
    > Centropristis
      > Centropristis striata
from regions:
  US.South.Atl (100%)



Mature
Phase

National/
international
level

Stock level

US-Southeast -- GAGGM -- Gag Gulf of Mexico

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Serranidae
    > Mycteroperca
      > Mycteroperca microlepis
from regions:
  US.Gulf.Mexico (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- GAGSATLC -- Gag Southern Atlantic coast

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Miscellaneous coastal fishes
  > Serranidae
    > Mycteroperca
      > Mycteroperca microlepis
from regions:
  US.South.Atl (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- GRAMBERGM -- Greater amberjack Gulf of Mexico

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous pelagic fishes
  > Carangidae
    > Seriola
      > Seriola dumerili
from regions:
  US.Gulf.Mexico (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- GTRIGGM -- Gray triggerfish Gulf of Mexico

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Miscellaneous coastal fishes
  > Balistidae
    > Balistes
      > Balistes capriscus
from regions:
  US.Gulf.Mexico (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- KMACKGM -- King mackerel Gulf of Mexico

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Tunas, bonitos, billfishes
  > Scombridae
    > Scomberomorus
      > Scomberomorus cavalla
from regions:
  US.Gulf.Mexico (100%)



Mature
Phase

National/
international
level

Stock level

US-Southeast -- MUTSNAPSATLCGM -- Mutton snapper Southern Atlantic coast and Gulf of Mexico

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Lutjanidae
    > Lutjanus
      > Lutjanus analis
from regions:
  US.Gulf.Mexico (68.1%),
  US.South.Atl (31.9%)



Mature
Phase

National/
international
level

Stock level

US-Southeast -- RGROUPSATL -- Red grouper South Atlantic

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Serranidae
    > Epinephelus
      > Epinephelus morio
from regions:
  US.South.Atl (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- RPORGYSATLC -- Red porgy Southern Atlantic coast

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Miscellaneous coastal fishes
  > Sparidae
    > Pagrus
      > Pagrus pagrus
from regions:
  US.South.Atl (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- RSNAPGM -- Red snapper Gulf of Mexico

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Lutjanidae
    > Lutjanus
      > Lutjanus campechanus
from regions:
  US.Gulf.Mexico (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- RSNAPSATLC -- Red snapper Southern Atlantic coast

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
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predictions for taxon:
  Miscellaneous coastal fishes
  > Lutjanidae
    > Lutjanus
      > Lutjanus campechanus
from regions:
  US.South.Atl (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- SBARSHARATL -- Sandbar shark Atlantic

taxonomic group: demersal fish (Other marine fish),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Sharks, rays, chimaeras
  > Carcharhinidae
    > Carcharhinus
      > Carcharhinus plumbeus
from regions:
  US.Gulf.Mexico (48.3%),
  US.South.Atl (46.8%), US.Mid.Atl
  (5%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- SNOWGROUPSATLC -- Snowy grouper Southern Atlantic coast

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous coastal fishes
  > Serranidae
    > Hyporthodus
      > Hyporthodus niveatus
from regions:
  US.South.Atl (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- SPANMACKGM -- Spanish mackerel Gulf of Mexico

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: USA
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Predicted

predictions for taxon:
  Tunas, bonitos, billfishes
  > Scombridae
    > Scomberomorus
      > Scomberomorus maculatus
from regions:
  US.Gulf.Mexico (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- SPANMACKSATLC -- Spanish mackerel Southern Atlantic coast

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Tunas, bonitos, billfishes
  > Scombridae
    > Scomberomorus
      > Scomberomorus maculatus
from regions:
  US.South.Atl (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- TILESATLC -- Tilefish Southern Atlantic coast

taxonomic group: demersal fish (Other marine percoidids),   predominant fishery type: mixed-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Miscellaneous demersal fishes
  > Malacanthidae
    > Lopholatilus
      > Lopholatilus chamaeleonticeps
from regions:
  US.South.Atl (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-Southeast -- WSHRIMPGM -- White shrimp Gulf of Mexico

taxonomic group: invertebrate (Crustaceans),   predominant fishery type: mixed-species,   primary country: USA
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Predicted

predictions for taxon:
  Shrimps, prawns
  > Penaeidae
    > Penaeus
      > Penaeus setiferus
from regions:
  US.Gulf.Mexico (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-West Coast -- BLACKROCKWASH -- Black rockfish Washington

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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Stock level

US-West Coast -- BLUEROCKCAL -- Blue rockfish California

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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National/
international
level

Stock level

US-West Coast -- BOCACCSPCOAST -- Bocaccio Southern Pacific Coast

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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Stock level

US-West Coast -- CABEZSCAL -- Cabezon Southern California

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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    > Scorpaenichthys
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from regions:
  US.West.Coast (100%)
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Stock level

US-West Coast -- CHILISPCOAST -- Chilipepper Southern Pacific Coast

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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from regions:
  US.West.Coast (100%)
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Stock level

US-West Coast -- CMACKPCOAST -- Pacific chub mackerel Pacific Coast

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: USA
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      > Scomber japonicus
from regions:
  US.West.Coast (100%)
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Stock level

US-West Coast -- COWCODSCAL -- Cowcod Southern California

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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      > Sebastes levis
from regions:
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Stock level

US-West Coast -- CROCKPCOAST -- Canary rockfish Pacific Coast

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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  Miscellaneous demersal fishes
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from regions:
  US.West.Coast (100%)



Developing
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Stock level

US-West Coast -- DKROCKPCOAST -- Darkblotched rockfish Pacific Coast

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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Developing
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Stock level

US-West Coast -- GRSPROCKNCAL -- Greenspotted rockfish Northern Pacific Coast

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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Developing
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Stock level

US-West Coast -- GRSPROCKSCAL -- Greenspotted rockfish Southern Pacific Coast

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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from regions:
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Developing
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Stock level

US-West Coast -- LINGCODNPCOAST -- Lingcod Northern Pacific Coast

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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  Miscellaneous coastal fishes
  > Hexagrammidae
    > Ophiodon
      > Ophiodon elongatus
from regions:
  US.West.Coast (100%)
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Stock level

US-West Coast -- LINGCODSPCOAST -- Lingcod Southern Pacific Coast

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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    > Ophiodon
      > Ophiodon elongatus
from regions:
  US.West.Coast (100%)
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Stock level

US-West Coast -- PHAKEPCOAST -- Pacific hake Pacific Coast

taxonomic group: demersal fish (Gadids),   predominant fishery type: single-species,   primary country: USA
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  > Merlucciidae
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from regions:
  US.West.Coast (77.9%), Canada.Pac
  (22.1%)
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Stock level

US-West Coast -- POPERCHPCOAST -- Pacific ocean perch Pacific Coast

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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from regions:
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Stock level

US-West Coast -- PSOLEPCOAST -- Petrale sole Pacific Coast

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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  Flounders, halibuts, soles
  > Pleuronectidae
    > Eopsetta
      > Eopsetta jordani
from regions:
  US.West.Coast (100%)
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Stock level

US-West Coast -- SARDPCOAST -- Pacific sardine Pacific Coast

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: mixed-species,   primary country: USA
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  > Clupeidae
    > Sardinops
      > Sardinops sagax
from regions:
  US.West.Coast (100%)



Developing

Mature
Phase

National/
international
level

Stock level

US-West Coast -- STFLOUNNPCOAST -- Starry flounder Northern Pacific Coast

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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  Flounders, halibuts, soles
  > Pleuronectidae
    > Platichthys
      > Platichthys stellatus
from regions:
  US.West.Coast (100%)
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Stock level

US-West Coast -- STFLOUNSPCOAST -- Starry flounder Southern Pacific Coast

taxonomic group: demersal fish (Pleuronectids),   predominant fishery type: mixed-species,   primary country: USA
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from regions:
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Stock level

US-West Coast -- YEYEROCKPCOAST -- Yelloweye rockfish Pacific Coast

taxonomic group: demersal fish (Scorpaenids),   predominant fishery type: mixed-species,   primary country: USA
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predictions for taxon:
  Miscellaneous demersal fishes
  > Sebastidae
    > Sebastes
      > Sebastes ruberrimus
from regions:
  US.West.Coast (100%)



Mature
Phase

National/
international
level

Stock level

West Africa -- CHMACKWA -- Cunene horse mackerel West Africa

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: Mauritania
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Observed
Predicted

predictions for taxon:
  Miscellaneous pelagic fishes
  > Carangidae
    > Trachurus
      > Trachurus trecae
from regions:
  none (100%)



Developing

Mature
Phase

National/
international
level

Stock level

West Africa -- CMACKWA -- Chub mackerel West Africa

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: Morocco
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predictions for taxon:
  Miscellaneous pelagic fishes
  > Scombridae
    > Scomber
      > Scomber japonicus
from regions:
  none (100%)



Developing

Mature
Phase

National/
international
level

Stock level

West Africa -- HMACKWA -- Horse mackerel West Africa

taxonomic group: pelagic fish (Carangids and mackerels),   predominant fishery type: mixed-species,   primary country: Morocco
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Observed
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predictions for taxon:
  Miscellaneous pelagic fishes
  > Carangidae
    > Trachurus
      > Trachurus trachurus
from regions:
  none (100%)



Mature
Phase

National/
international
level

Stock level

West Africa -- SARDINWA -- Sardinella West Africa

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: mixed-species,   primary country: Senegal
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Observed
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predictions for taxon:
  Herrings, sardines, anchovies
  > Clupeidae
    > Sardinella
      > NA
from regions:
  none (100%)



Mature
Phase

National/
international
level

Stock level

West Africa -- SARDWAZC -- Sardine West Africa Zone C

taxonomic group: pelagic fish (Forage fish),   predominant fishery type: mixed-species,   primary country: Morocco

Supplementary Figure 1,
page 267 of 289

Surveys

Assessments

TACs

IQs

EEZ declaration

UN CA/FSA ratification

TBdivTBmsy-calc-dimensionless = 0.5

0.2

0.5

1.0

2.0

B
B

R
E

F

TBdivTBmsy-calc-dimensionless = 1

0.05

0.10

0.20

0.50

1.00

2.00

U
U

R
E

F

FdivFmsy-calc-dimensionless = 1

0e+00

2e+05

4e+05

6e+05

8e+05

C
at

ch
 (

t)

MSY: MSY-est-MT
mean catch: MT

0

100

200

300

400

500

600

700 Mean predicted price 2001-2010

R
ea

l p
ric

e 
(2

01
5 

$U
S

D
/t)

1950 1960 1970 1980 1990 2000 2010

Observed
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predictions for taxon:
  Herrings, sardines, anchovies
  > Clupeidae
    > Sardina
      > Sardina pilchardus
from regions:
  none (100%)



Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- ALBANATL -- Albacore tuna Northern Atlantic

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Spain
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Observed
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predictions for taxon:
  Tunas, bonitos, billfishes
  > Scombridae
    > Thunnus
      > Thunnus alalunga
from regions:
  EU.Spain (63.6%), EU.France
  (18%), EU.Ireland (9.4%),
  EU.Portugal (4.7%), Japan (2.8%),
  EU.UK (0.3%), US.Mid.Atl (0.3%),
  US.South.Atl (0.3%), Canada.Atl
  (0.1%), US.New.England (0.1%)



Developing

Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- ALBASATL -- Albacore tuna South Atlantic

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Taiwan
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Observed
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predictions for taxon:
  Tunas, bonitos, billfishes
  > Scombridae
    > Thunnus
      > Thunnus alalunga
from regions:
  Japan (71.2%), EU.Spain (22.2%),
  Philippines (4.2%), EU.Portugal
  (2.4%)



Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- ATBTUNAEATL -- Atlantic bluefin tuna Eastern Atlantic

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: single-species,   primary country: Spain
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predictions for taxon:
  Tunas, bonitos, billfishes
  > Scombridae
    > Thunnus
      > Thunnus thynnus
from regions:
  EU.Spain (49.3%), Japan (37.4%),
  EU.France (9.3%), EU.Portugal
  (3.6%), Iceland (0.2%),
  EU.Ireland (0.2%)



Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- ATBTUNAWATL -- Atlantic bluefin tuna Western Atlantic

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: single-species,   primary country: USA
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Observed
Predicted

predictions for taxon:
  Tunas, bonitos, billfishes
  > Scombridae
    > Thunnus
      > Thunnus thynnus
from regions:
  Canada.Atl (37.3%),
  US.New.England (25.6%), Japan
  (24.5%), Mexico.Atl (5%),
  US.South.Atl (4.8%), US.Mid.Atl
  (1.5%), US.Gulf.Mexico (1.2%)



Developing

Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- BIGEYEATL -- Bigeye tuna Atlantic Ocean

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Japan
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predictions for taxon:
  Tunas, bonitos, billfishes
  > Scombridae
    > Thunnus
      > Thunnus obesus
from regions:
  Japan (42.6%), EU.Spain (28.5%),
  EU.Portugal (14.8%), EU.France
  (8.2%), Philippines (4.1%),
  US.South.Atl (0.9%), Canada.Atl
  (0.5%), US.Gulf.Mexico (0.4%)



Developing

Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- BIGEYECWPAC -- Bigeye tuna Central Western Pacific Ocean

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Japan
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predictions for taxon:
  Tunas, bonitos, billfishes
  > Scombridae
    > Thunnus
      > Thunnus obesus
from regions:
  Japan (58.3%), Philippines (20%),
  EU.Spain (12.9%), US.Hawaii
  (4.7%), New.Zealand (2.2%),
  Australia (1.8%)



Developing

Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- BMARLINATL -- Blue marlin Atlantic Ocean

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Japan
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predictions for taxon:
  Tunas, bonitos, billfishes
  > Istiophoridae
    > Makaira
      > Makaira nigricans
from regions:
  Japan (46.7%), EU.France (33.3%),
  EU.Portugal (6.8%), EU.Spain
  (6.7%), Mexico.Atl (6.4%),
  Philippines (0.1%)



Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- PACBTUNA -- Pacific bluefin tuna Pacific Ocean

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: single-species,   primary country: Japan
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predictions for taxon:
  Tunas, bonitos, billfishes
  > Scombridae
    > Thunnus
      > Thunnus orientalis
from regions:
  Japan (70.5%), Mexico.Pac
  (28.7%), US.West.Coast (0.7%),
  New.Zealand (0.1%)



Developing

Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- SAILEATL -- Sailfish Eastern Atlantic

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Ghana
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Observed
Predicted

predictions for taxon:
  Tunas, bonitos, billfishes
  > Istiophoridae
    > Istiophorus
      > Istiophorus albicans
from regions:
  EU.Spain (47.1%), Japan (33.7%),
  EU.Portugal (19.2%)



Developing

Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- SAILWATL -- Sailfish Western Atlantic

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Venezuela
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predictions for taxon:
  Tunas, bonitos, billfishes
  > Istiophoridae
    > Istiophorus
      > Istiophorus albicans
from regions:
  EU.Spain (71.1%), Mexico.Atl
  (11.1%), Japan (10.8%),
  EU.Portugal (7%)



Developing

Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- SBT -- Southern bluefin tuna Southern Oceans

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: single-species,   primary country: Japan
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predictions for taxon:
  Tunas, bonitos, billfishes
  > Scombridae
    > Thunnus
      > Thunnus maccoyii
from regions:
  Australia (54.7%), Japan (37.9%),
  New.Zealand (6.8%), Philippines
  (0.3%), EU.UK (0.2%), EU.Portugal
  (0.1%)



Developing

Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- SKJCIO -- Skipjack tuna Indian Ocean

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Indonesia
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predictions for taxon:
  Tunas, bonitos, billfishes
  > Scombridae
    > Katsuwonus
      > Katsuwonus pelamis
from regions:
  EU.Spain (71.3%), EU.France
  (24.6%), Japan (2.2%), EU.Italy
  (1.7%), Australia (0.2%)



Developing

Mature
Phase

National/
international
level

Stock level

Tuna RFMOs -- SKJWATL -- Skipjack tuna Western Atlantic

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Brazil
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level

Stock level

Tuna RFMOs -- STMARLINIO -- Striped marlin Indian Ocean

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Indonesia
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Stock level

Tuna RFMOs -- STMARLINNEPAC -- Striped marlin Northeast Pacific

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: USA
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Stock level

Tuna RFMOs -- STMARLINSWPO -- Striped marlin Western Pacific Ocean

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Japan
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Tuna RFMOs -- STMARLINWCNPAC -- Striped marlin Western and Central North Pacific

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Japan
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from regions:
  Japan (89.5%), Australia (10.2%),
  Philippines (0.2%)
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Tuna RFMOs -- SWORDNATL -- Swordfish Northern Atlantic

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Spain
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  > Xiphiidae
    > Xiphias
      > Xiphias gladius
from regions:
  EU.Spain (44.8%), Canada.Atl
  (14.2%), Japan (12.3%),
  EU.Portugal (10.9%), US.South.Atl
  (8.7%), US.Gulf.Mexico (3.1%),
  US.New.England (2.7%), US.Mid.Atl
  (2.4%), EU.France (0.4%),
  Mexico.Atl (0.3%), Philippines
  (0.1%)
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Stock level

Tuna RFMOs -- WMARLINATL -- White marlin Atlantic Ocean

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Taiwan
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Tuna RFMOs -- YFINATL -- Yellowfin tuna Atlantic Ocean

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Spain
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  > Scombridae
    > Thunnus
      > Thunnus albacares
from regions:
  EU.Spain (41.3%), EU.France
  (40%), Japan (10.8%), Mexico.Atl
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Tuna RFMOs -- YFINEIO -- Yellowfin tuna Indian Ocean

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Spain
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Tuna RFMOs -- YFINEPAC -- Yellowfin tuna Eastern Pacific

taxonomic group: pelagic fish (Tuna and billfish),   predominant fishery type: mixed-species,   primary country: Mexico
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  (8.9%), Peru (6.9%), Japan
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