
This report provides an overview of the biological status of assessed stocks around the
world and relates measures of stock status to the strength of fisheries management.

Stock assessment outputs, consisting primarily of time series of abundance and fishing
pressure relative to target reference points, were compiled for 548 marine fish and
invertebrate stocks in the RAM Legacy Stock Assessment Database. Data summary

methods included: global and regional mean trends of abundance and fishing pressure
relative to target reference points; bivariate plots of relative abundance and fishing

pressure; estimates of potential equilibrium yield foregone at current fishing pressure;
and proportions of stocks in different biomass status categories. These measures of stock
status were summarized at the global level as well as separated by 16 FAO Major Fishing

Areas and ocean basin regions for comparison.
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Preparation of this document

This document draws from several fisheries databases and outlines the results of several 
analyses, some of which were developed within the working group “Measuring the 
status of fisheries and factors leading to success” hosted by the National Center for 
Ecological Analysis and Synthesis (NCEAS) under the Science for Nature and People 
Partnership (SNAPP) program. This working group focused on stock status at the 
country or regional level; this report adopts these analyses and adds further analyses 
with a focus instead at the level of FAO Major Fishing Areas.
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Abstract

This report provides an overview of the biological status of assessed stocks around the 
world and relates measures of stock status to the strength of fisheries management. 
Stock assessment outputs, consisting primarily of time series of abundance and fishing 
pressure relative to target reference points, were compiled for 548 marine fish and 
invertebrate stocks in the RAM Legacy Stock Assessment Database. Data summary 
methods included: global and regional mean trends of abundance and fishing pressure 
relative to target reference points; bivariate plots of relative abundance and fishing 
pressure; estimates of potential equilibrium yield foregone at current fishing pressure; 
and proportions of stocks in different biomass status categories. These measures of 
stock status were summarized at the global level as well as separated by 16 FAO Major 
Fishing Areas and ocean basin regions for comparison.

Worldwide, on average assessed stocks are near their most productive levels. 
Fishing pressure was previously higher than optimal levels in the 1990s and early 
2000s, but average fishing pressure on assessed stocks has gradually declined since 
then and is currently about 30 percent less than levels that would in the long term 
provide maximum sustainable yield (MSY). While biomass was reduced to about 
95 percent of optimal levels in the 2000s, biomass of the average stock is now greater 
than MSY-related levels and is increasing. Compared to the potential equilibrium 
yield that could be achieved by maintaining fishing pressure at MSY levels, currently 
about 75-80  percent of potential yield is realized. Of the remaining potential yield 
that is foregone, more results from light fishing pressure (15-20 percent) than from 
overfishing (5-10  percent). Currently about half of assessed stocks and about half 
the catch produced from assessed stocks have estimated biomass at least 20 percent 
greater than MSY-based reference points. About one third of assessed stocks and 
about one third the catch produced from assessed stocks have estimated biomass at 
least 20 percent less than MSY-based reference points, with the remaining one-sixth 
of stocks and summed catch in the range of current biomass between 0.8-1.2 BMSY. 
Underlying these average trends, however, is a high level of variability in the status 
of individual stocks. Some of this variability is attributed to differences among FAO 
Major Fishing Areas.

Areas with high relative fishing pressure on the average assessed stock included 
the Mediterranean and Black Seas and the Eastern Central Atlantic; in these areas, 
average biomass was lower than target reference points and/or was declining. Areas 
with low relative fishing pressure on average included the Northwest Atlantic, 
Southeast Atlantic, Northeast Pacific, and Southwest Pacific. In most of these areas, 
average biomass was higher than target reference points and/or was rebuilding. These 
patterns broadly reveal that where fisheries management is being intensely applied 
(i.e., regulations are set based on outputs of scientific stock assessments, and those 
regulations are enforced), fishing pressure can be maintained within sustainable ranges 
that provide maximum or near-maximum long-term yield. This regulation of fishing 
pressure avoids the depletion of stock abundance below target levels, or in cases where 
stocks do become depleted as a result of either overfishing or changing environmental 
conditions, it generally allows overfished stocks to recover. In contrast, where fisheries 
are not being intensely managed, overfishing is more likely to occur.

This report summarizes data primarily for marine fish and invertebrate populations 
with formal stock assessments conducted, which tend to be the world’s ‘data-rich’ 
stocks. These stocks accounted for 34 percent of total global landings from 2013-2017, 
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with a peak of nearly 50  percent in the 1990s). The world’s remaining stocks are 
relatively ‘data-limited’ and tend to be in regions that are more limited in their capacity 
for fisheries research, management, and enforcement. The data that we do have 
available from these regions, summarized in this report, suggest stock status is often 
relatively poor compared with data-rich regions. To improve marine conservation and 
sustainable use at the global level, more resources should be devoted to assessing and 
managing stocks in these data-limited and capacity-poor regions.
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1. Introduction

1.1 IMPORTANCE OF CAPTURE FISHERIES
Global capture fisheries production was 97 million tonnes in 2018, and has generally 
remained stable since the late 1980s (Fig. 1.1) (FAO, 2020). These 97 million tonnes 
of fish feed people around the globe and contribute to the food and nutrient security 
for individuals, especially in many developing countries. Benefits from eating fish are 
universally known; many in the Western and developed world are realizing the health 
benefits of a fish-based diet and its ability to reduce occurrences of lifestyle-related 
diseases such as obesity, diabetes and hypertension (Hosomi et al., 2012). Worldwide 
per capita fish consumption has grown at a rate of about 1.5 percent per year since 
1961. Fish make up 17 percent of the world’s meat consumption but provide far more 
nutrients (in amount, quality and diversity) than any other meat source (Hosomi et al., 
2012; Bennett et al., 2018). Almost half of the world’s population, 3.3 billion people, 
rely on fish for 20  percent of their protein (FAO, 2020), although global statistics 
mask higher dependence for certain communities. Residents of small island developing 
states such as French Polynesia, the Federated States of Micronesia and Melanesia, as 
well as Bangladesh, Cambodia, the Gambia, Ghana, Indonesia, Sierra Leone and Sri 
Lanka get up to 50 percent of their protein from their fisheries (FAO, 2020). Protein 
is not the only nutritional benefit people receive from fish; fish also contain lipids and 
micronutrients that can help to address many of the nutritional deficiencies seen in the 
developing world. For some communities, eating fish is the only access they have to 
essential compounds and is an important part of a healthy and diversified diet. 

FIGURE 1.1
Global fisheries production from wild capture fisheries and from aquaculture, 1950-2017. 

Data are from FAO landings (FAO, 2019b) and FAO aquaculture production (FAO, 2019a) databases, accessed through 
FishStatJ (FAO, 2019c). Production totals are summed across fish and fished invertebrates, excluding the following 
taxa: seaweeds, misc. aquatic plants, sponges, corals, frogs and amphibians, turtles, pearls and shells, and misc. 
aquatic mammals. 
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In addition to being an essential source of food, capture fisheries are a large source 
of employment in many countries. 38.98 million people derived their livelihood from 
capture fisheries in 2018 (FAO, 2020) (not including downstream and upstream 
industries like processing, gear manufacturing, refrigerant systems, boat construction 
and maintenance, marketing and distribution of final products), and the Food and 
Agriculture Organization of the United Nations (FAO) estimates that the seafood 
industry supports livelihoods of 10-12 percent of the world’s population (FAO, 2012). 
The sustainability of fish stocks is essential to ensuring the ability of fishers to continue 
making their livelihoods from this renewable resource. This is especially true in Asia, 
where 85  percent of the global population engaged in fisheries and aquaculture live 
(FAO, 2020). In countries and regions where fishing may not be the primary source 
of employment, capture fisheries can help to alleviate poverty in poor households 
by contributing to livelihood diversification, nutritional security, food security, and 
income generation.

Capture fisheries also hold significant traditional and cultural values for certain 
communities, for example the Māori in New Zealand and Yup’ik Alaska Natives in 
the United States of America. In remote Alaska, many people live off the land, and 
hunt, gather and fish for subsistence as their ancestors have done for generations. 
Some of the cultural practices involving fish include: feeding them to dog teams which 
enables winter travel in the interior; using skins for waterproof clothing and carrying 
containers; and singing songs, reciting prayers and telling stories to honor the fish 
spirits so they would continue to provide for the Native people1. People living in the 
200 remote villages of Alaska have a high dependence (both nutritional and economic) 
on fish, especially salmon (The Salmon Project, 2013), with rural residents consuming 
between 105-193 g of salmon per day1 (Polissar and Neradilek, 2019). Salmon can be a 
sole source of food for people during the winter and especially for those who do not 
have access to grocery stores. Providing food for themselves and sharing with others 
in their community (especially elders) are long-held traditions, rituals, and beliefs to be 
shared, passed down to children and celebrated2.

For the Māori people of New Zealand, fish are seen as descendants of the god 
Tangaroa and rituals and talismans made to honor him protect the bounty of the sea3. 
On a fishing trip, the first fish caught was returned to the sea to thank Tangaroa. 
Tribes that lived along the coast would trade with inland tribes, exchanging dried fish 
and shark oil for preserved birds and other goods from the forests such as rats and 
berry cakes. Traditional fishing methods, adapted from Polynesian methods, are still 
used today, and include hook and line, nets, woven pots, and spears. The construction 
of nets was a “tapu” activity, meaning that certain rituals and restrictions had to be 
followed while building a net. Rituals involved urinating on a new net and covering 
the net in the blood of the first fish. Fishing grounds were guarded and passed down 
through generations. Favorable fishing days were marked on calendars that are still 
used today. Like the Yup’ik people in Alaska, community harvests were divided 
among families by the leading chief. Presently, fish are still eaten at special gatherings 
such as funerals, and traditional dishes like dried flounder and shark liver sausage are 
given to visitors. 

1.2 CHALLENGES IN GLOBAL CAPTURE FISHERIES
Given the importance of capture fisheries to food production, livelihoods and 
communities, it is important to address the issues and challenges that are facing 
capture fisheries around the globe, including but not limited to: an excess of fishing 
effort, overfished stocks, subsidies, open access tragedy of the commons and foreign 

1 https://www.fws.gov/alaska/cybersalmon/history.htm
2 https://www.pbs.org/newshour/nation/balancing-culture-education-rural-alaska
3 https://teara.govt.nz/en/te-hi-ika-maori-fishing
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fishing agreements, marine pollution, and climate change. Higher fishing effort 
than what would lead to maximum sustainable yield (MSY) in the long term leads 
to the overfishing of a resource, which has negative conservation and economic 
repercussions. Subsidies are defined here as financial payments from public entities 
to the fishing sector, which help the sector make more profit than it would otherwise 
(Sumaila et al., 2016; Sumaila et al., 2019). Based on economic theory and arguments 
(FAO Fisheries Department, 1993), subsidies are a major causal factor in the creation 
and perpetuation of excess fishing capacity. Capacity-enhancing subsidies that distort 
incentives to participate in fishing were valued at USD 20 billion in 2016 (Sumaila et 
al., 2016; Sumaila et al., 2019). When stocks are at low abundance, fishing costs are 
higher, food security is negatively affected, and welfare of dependent communities can 
suffer. Predators of the target species may decline while prey of the overfished species 
can increase, causing disruptions in the food web and ecosystem. Overfishing is more 
likely to happen in regions where the fishery is open access, defined here as areas that 
have no managerial constraints imposed on the fishery, neither limiting the number of 
harvesters that enter the fishery, nor the quantity of harvested product (Anderson et 
al., 2019). 

Foreign fisheries agreements are agreements in which one country allows another 
country, after payment of a fee, the rights to fish in their Exclusive Economic Zone. 
These agreements can contain provisions such as catch and reporting requirements, 
having onboard observers, and requiring local processing. By design, foreign fisheries 
agreements reduce domestic involvement in fisheries and reduce the economic benefits 
of the fishery compared to what could be derived if local citizens were fishing local 
waters. The compensation received by the domestic country rarely exceed 10 percent 
of the value of the catch realized by the foreign country (Mbithi Mwikya, 2006). 
The requirement for local processing would increase employment (especially for 
females who are disproportionally represented in the post-harvest sector, 90 percent 
worldwide [FAO, 2012]), and would also contribute positively to food security by 
making those fish available to the domestic market at a more affordable price. Artisanal 
fishers from many of the developing nations engaged in these agreements with 
developed countries, are actually in competition, and at a disadvantage, with the large 
industrial foreign vessels that fish offshore (Mbithi Mwikya, 2006). Foreign vessels are 
often highly subsidized and, unless specified in the foreign fisheries agreement, may 
not be subject to catch limits, which promotes overfishing of the stocks (Kaczynski and 
Fluharty, 2002). Some, but not all these above issues can be addressed through reforms 
in fisheries management. 

In areas where fishing pressure has been reduced, stocks are rebuilding (Neubauer 
et al., 2013; Hilborn et al., 2020). This pattern is observed worldwide for assessed 
stocks (Chapter 5) as well as at the regional level (Chapter 6). The reductions in 
global fishing effort that would be necessary to achieve more optimal levels of fishery 
production (44  percent reduction in effort, according to economists [World Bank, 
2017]) will be a challenge, as there are 4.7 million decked and undecked fishing vessels, 
and effort is increasing (Ye and Gutierrez, 2017) at a rate higher than the global rate 
of population growth (2.8  percent versus 2.2  percent respectively). Additionally, in 
many countries where effort is increasing, fishers are living in poverty without access 
to alternative livelihoods. In many highly-developed countries, and also in some 
developing countries, effort is decreasing (Fig. 1.2) as a result of implementing fisheries 
management such as total catch quotas or a combination of regulations on size of 
vessels, type and amount of gear, or number of open fishing days (Anderson et al., 
2019). At the global scale, however, fishing effort continues to increase. Regulations to 
move away from an open-access, common-pool resource towards some sort of limit on 
the amount of fish that can be caught will move the fishery towards a more profitable, 
biologically sustainable system, that if designed and managed well, can also have 
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positive community impacts. Subsidies, which work to increase capacity and effort, 
make it possible for unprofitable vessels to maintain fishing effort; those funds may be 
better spent compensating vessels for leaving the fishery as necessary effort reductions 
take place (Sumaila et al., 2016; Sumaila et al., 2019).

Once effort reduction takes place, fishing pressure on stocks decreases, and as stocks 
rebuild, fewer stocks will likely be designated as overfished. Of the major fish stocks 
assessed by FAO worldwide, 34.2  percent are overfished (FAO, 2020), with a very 
unequal global distribution of where this overfishing is taking place. The percentage 
of stocks that are overfished varies with the development status of the country; 
globally, this percentage is increasing to a greater extent in developing countries (Ye 
and Gutierrez, 2017). Fishing pressure is typically higher than levels for optimal 
food production in these regions where direct dependence on the resource is high, 
citizens are undernourished, management capacity is limited, and fish consumption is 
increasing. Because developing countries contribute more than two thirds of the global 
catch (World Bank, 2009) (data from 2005), reform happening in these locations could 
make a big difference on the global stage. 

There were 820 million chronically undernourished people in 2018, mostly from 
poor Asian and African countries (FAO, 2020) which also have limited management 
capacity. Fisheries management costs can range from 1-14  percent of total landings 
(Kelleher, 2002) so poorer countries will not have the resources necessary to implement 
sound fisheries management even though they are the regions that could benefit from 
these investments the most. A prime example of the potential improvements that 
could be generated as a result of rebuilding fisheries would be in Africa. Currently, 
fish consumption is comparatively low at 9.9 kg per capita in 2017 (Table 16 in [FAO, 
2020]), likely a result of human population growth outpacing the supply of fish. 
If sustainable fish production could increase, then nutritious, local food would be 
available in an area with high numbers of chronically-undernourished people (e.g. sub-
Saharan Africa). The increased fish production could also be used as a form of income 
diversification and wealth building if not eaten for subsistence. 

FIGURE 1.2
Aggregate fishing effort in marine fisheries. 

Data from Ye and Gutierrez, 2017.
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1.3 POTENTIAL BENEFITS OF FISHERIES REFORM
Fisheries management reforms designed to reduce effort, establish limits on total catch, 
and reduce overfishing will have many positive impacts. The world’s fisheries could be 
worth USD 1.2 trillion, double the present value of global fisheries, under a path of 
moderate reduction in fishing effort of 5 percent per year over 20 years (World Bank, 
2017). Ye et al. (2013) estimated that if overfished stocks were rebuilt, capture fisheries 
production could increase by 16.5 million tonnes globally, generating an additional 
USD 32 billion (at 2004 prices) of resource rent4 for coastal economies. 

Regardless of the exact amount of increased rent, reforming fisheries will have 
significant positive economic benefits. Increased production and revenue would result 
from reductions in capacity of world fishing fleets and subsequent decreases in fishing 
pressure (World Bank, 2009). An increase in biomass from rebuilding stocks, especially 
highly-valuable ones (Fig. 1.3.b, taken from World Bank, 2017), as well as an increase 
in profits (Fig.  1.3.c, taken from World Bank, 2017), could be achieved without a 
drastic reduction in catch (Fig. 1.3.a, taken from World Bank, 2017; see that report for 
methods used to estimate these totals). Costello et al. (2016) similarly predicted that 
comprehensive reforms in global capture fisheries could improve a ‘triple bottom line’ 
of fish abundance in the sea, quantities harvested, and profits realized compared to 
status quo estimates. The costs of fisheries reform would be significant, but over time 
would more than pay for itself in addition to improving the livelihoods of millions of 
people. 

Reforming fisheries leads to opportunities for economic growth, reduces poverty, 
and decreases the amount of people that are food-insecure (World Bank, 2009). 
Reformed, healthy fisheries and management systems are more resilient to climate 
change and other exogenous shocks, and can provide some insurance to those whose 
livelihoods depend on capture fisheries, as well as to the ecosystems that depend on 
exploited species. Reforming global fisheries is a pressing issue, certainly because any 
actions taken now to reduce fishing mortality will likely not be realized for many 
years, as rebuilding overfished stocks can extend over a few lifetimes of the target 
species (Ye et al., 2013).

4 Resource rent is defined by the Organization for Economic Co-operation and Development as “The 
economic rent of a natural resource equals the value of capital services flows rendered by the natural 
resources, or their share in the gross operating surplus; its value is given by the value of extraction. 
Resource rent may be divided between depletion and return to natural capital.”
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FIGURE 1.3
Predicted effects of reducing global fishing effort by a moderate amount on catch, stock 

biomass and net benefits.

Global fishing effort was reduced by 5 percent per year from 2013 onward, starting from the observed 2012 level 
until the long‑run optimal level is attained. Predictions are shown for: (a) catch (MMT), (b) stock biomass (MMT) and 
(c) net benefits (revenues minus costs, USD millions). The legend in (b) applies to all panels.  This is an adaptation 
of an original work by The World Bank (World Bank, 2017); see that report for methods used for predictions. Views 
and opinions expressed in the adaptation are the sole responsibility of the author or authors of the adaptation and 
are not endorsed by The World Bank.
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1.4 FOCUS ON ASSESSED STOCKS
This report focuses on the primary requirement for achieving sustainable global 
fisheries—achieving sustainable, productive fish and invertebrate populations from 
which our seafood is derived. A major key to ensuring that fish resources are used 
sustainability is balancing the harvest and fishing effort to the productive capacity of 
the resource. When fishing effort of fishing fleets becomes too high, the fishing pressure 
exerted on fish stocks also becomes too high, leading to a reduction in abundance of 
fish stocks. Fish stocks may become ‘overfished’ such that they cannot realize their full 
potential to produce harvest. The aim of this report is to bring together information 
about how fishing pressure and abundance of individual stocks have changed over 
time, and to summarize these trends region by region as well as worldwide. 

The status of fish stocks, as represented by their abundance and fishing pressure 
relative to management targets, is primarily estimated using two broad categories of 
methods. First, stock status can be scientifically assessed by applying a mathematical 
model to data collected for the fishery. Termed ‘stock assessment’, this may involve 
tracking some index of abundance over time, or relating changes in the abundance of 
the stock to harvest from the fishery. Using these models, the history of productivity 
from the stock can be estimated. Second, the status of stocks is often determined by 
qualitative expert opinion, drawing on the knowledge of those familiar with a fishery, 
about the trends in catch, fishing effort, and perhaps the size of fish. Unlike scientific 
assessments, expert opinion does not provide a history of stock productivity, but rather 
it is normally just an estimate of whether the stock is seriously depleted and overfished, 
somewhere in the range of maximum production, or underexploited. Expert opinion 
is normally only available for a given stock at one point in time, there are very few 
stocks where time series of stock status from expert opinion have been estimated. The 
bi-annual FAO ‘State of World Fisheries and Aquaculture’ (SOFIA) reports rely on 
scientific assessment where available, and expert opinion where it is not.

The aim of this report is to evaluate the history of stock status in different regions 
of the world and to evaluate how changes in fishing pressure have affected stock 
abundance. This requires a focus on stocks for which scientific stock assessments have 
been conducted. We recognize the limitations of this focus on relatively data-rich 
stocks, because in the last decade, less than half the world’s marine catch has come from 
capture fisheries that are covered by formal stock assessments. However, by relying on 
stocks that have time series of estimated abundance available from a stock assessment, 
we are able to understand how changes in fishing effort and catch have impacted stock 
productivity. This could not be done with expert opinion alone.

In this report, we document the trends in status of assessed stocks worldwide and 
at the regional level, and we relate these changes to fisheries management practices. 
Chapter 2 introduces the theory behind stock assessment modelling for estimating 
stock status and trends over time. Chapter 3 describes fisheries management systems 
as a key component of achieving sustainable fisheries, outlining different types of 
systems. Chapter 4 describes the databases (in particular the RAM Legacy Stock 
Assessment Database, RAMLDB) and data analysis methods used in this report for 
quantifying stock status. Chapter 5 presents an overall summary of the historical and 
current status of stocks that are assessed and contained in RAMLDB. Chapter 6 builds 
on Chapter 5 to disaggregate the global trends into regional trends for 16 FAO Major 
Marine Fishing Areas and pooled ocean basins. Chapter 7 presents the conclusions of 
this report and outlines major challenges as well as possible strategies for achieving 
sustainable fisheries around the world. 
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2. Theory of population dynamics 
and stock assessment

2.1 DENSITY DEPENDENCE AND PRODUCTIVITY
In the absence of fishing, the abundance (number of individuals, N) of a population 
remains near or fluctuates around its carrying capacity (KN). Carrying capacity is the 
average size of an unfished population. Carrying capacity may change over time as 
environmental conditions change, but it is generally viewed as an unexploited steady 
state, i.e. it is said to be at equilibrium. Why would we not want populations to simply 
remain at their carrying capacity? Because an unfished population is at equilibrium—
it is neither increasing or decreasing over time on average—and at this particular 
equilibrium, births, deaths, somatic growth increases, immigration, and emigration all 
balance out to equal zero so that the population size remains unchanged on average. 
Of course, no harvest is extracted from this population because the components of 
increase and components of decrease balance out, leaving no excess to be caught. 

As the population abundance decreases towards intermediate levels, it becomes more 
productive; that is, per-capita survival rates increase. The change in this proportional 
rate of the population as the magnitude of population size changes is commonly termed 
density-dependent increase is survival, or compensation. Per-capita growth rates may 
also increase as the population size decreases.

We can better understand this idea of density-dependence by considering a simple 
population model. The number of individuals in a population next year, Nt+1, is a 
function of the number this year, Nt, plus any production added to the population, 
rNt(1 - Nt/KN), minus the number of removals from fishing (i.e. catch in numbers), CN,t: 

Nt+1 = Nt + rNt(1 - Nt /KN) – CN,t  (Equation 1)

In this logistic growth model (Equation 1), there is an assumed linear relationship 
between rate of increase and population abundance, an example of density dependence. 
The strength of density dependence is reflected in the amount that the maximum rate of 
increase, r, is reduced when N is high (Fig. 2.1). This maximum rate of increase at low 

FIGURE 2.1
Density-dependent relationship between abundance (in numbers), Nt, and rate of increase 

of a population.

KN is population carrying capacity in numbers, and r is the maximum rate of population increase which occurs at 
low population size.



Global trends in status and management of assessed stocks 10

population size is also termed ‘intrinsic rate of increase’ or the ‘intrinsic growth rate’ 
of the population. At low values of Nt, the modifying term (1 - Nt/KN) approaches 1, 
so population increase rN is at its maximum possible value. As Nt increases and 
approaches KN, the modifying term approaches 0, so population growth approaches 0, 
and the population instead hovers around its carrying capacity, KN.

Often in fisheries, instead of measuring the size of a population by the number 
of individuals it comprises, we instead measure population size by its ‘biomass’. 
Biomass5 (B) is simply the total mass of the population—the individual weights of all 
the members of the population summed up, or equivalently, the population size in 
numbers multiplied by the average body weight of the population. Biomass is most 
commonly expressed in units of tonnes.

The basic theory of population dynamics states that for an exploited population, 
population biomass depends on the level of fishing pressure6 exerted on the population. 
Fishing pressure (U) is often termed fishing mortality rate, exploitation rate, or harvest 
rate. Starting from unexploited levels, i.e. from population carrying capacity in terms of 
biomass, KB, the population biomass will decline as fishing pressure increases (blue line 
in Fig. 2.2). Biomass is eventually predicted to be reduced to very low levels if fishing 
pressure is sustained indefinitely at too high a level. 

The quantity of catch that can be sustainably caught from the population also 
depends on the level of fishing pressure exerted. The long-term average yield, or catch 
weight harvested from this population, commonly termed ‘harvest’, follows a dome-
shaped curve (red line in Fig.  2.2). When no fishing pressure is applied, no catch is 
produced. When too high a fishing pressure is applied indefinitely, little or no catch 
is produced because the population biomass has decreased to very low levels. Greater 
levels of catch are realized at intermediate levels of fishing pressure. The maximum 
possible average annual yield in the long term is known as maximum sustainable yield. 
MSY can be realized at an intermediate level of fishing pressure (UMSY)6, which leads to 
an intermediate equilibrium abundance (BMSY)5. Under some simple population models 
(Schaefer, 1954), this intermediate level is assumed to be 50 percent of carrying capacity, 
consistent with the logistic model described in Equation 1 and Fig. 2.2. Under other 
simple population models (Pella and Tomlinson, 1969; Fox, 1970), this intermediate 
abundance associated with MSY is typically estimated to be about 30-40  percent of 
carrying capacity. More complex population models, such as age-structured models 
that take into account abundances and vital population rates (e.g. survival or growth 
rates) by age group, also tend to estimate this intermediate abundance associated with 
MSY at about 30-40 percent of carrying capacity. 

The level of fishing pressure that produces MSY is typically about half of the intrinsic 
growth rate, r. Any level of fishing pressure greater than this intermediate level UMSY 
leads to overfishing and reduces the long-term average harvest that can be extracted 
from a population. Similarly, any level of fishing pressure less than UMSY results in 
foregone potential yield, which also reduces the potential harvest. If a population is 
fished at UMSY, the population biomass is expected to reach an equilibrium at BMSY, 
the most productive population size. If a fished population becomes depleted to below 
BMSY, then as the fishing mortality is reduced, populations usually increase in size 
again, termed rebuilding. It is theoretically possible to return to an unexploited state KB 
5 Several variables are commonly used to represent population biomass (B), including spawning stock 

biomass (SSB), total biomass (TB), and vulnerable biomass (VB). Stock assessments differ in which type 
of summary biomass is reported. Because biomass is typically expressed relative to a reference point 
(such as SSBMSY, TBMSY, or VBMSY), this report considers whichever measure of biomass is reported in 
the assessment along with its corresponding reference point.

6 Fishing pressure (U) is expressed in a variety of ways. Fishing mortality (F) is typically expressed as 
an instantaneous rate, whereas exploitation rate (ER) or harvest rate is typically expressed as a fraction 
of the population that is removed annually. Some stock assessments report F while others report ER. 
This report considers both of these measures under the term fishing pressure (U). Similarly, UMSY can 
represent either FMSY or ERMSY.
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in the absence of any harvesting pressure so long as other crucial ecosystem functions 
have not been irreversibly altered.

At intermediate population sizes, births, deaths, and somatic growth changes 
no longer balance out as they do at carrying capacity, they are usually greater than 
zero. This difference, a net positive amount on average, is the ‘surplus production’ 
of a population at intermediate size. This annual surplus production can be harvested 
sustainably so that the population does not increase back to unfished levels, but 
remains at intermediate, more productive levels. Different levels of fishing pressure 
applied consistently will result in different equilibrium population sizes, and will 
produce different levels of annual yield. The maximum sustainable surplus production 
is achieved when the population is maintained at BMSY, by fishing it at UMSY, thereby 
deriving MSY annually. 

2.2 STOCK STATUS AND MANAGEMENT TARGETS
Management targets are the benchmark levels that fisheries management generally 
aims to achieve. These represent examples of biological reference points. For biomass, 
management targets are often based on or related to BMSY, or else they may be more 
conservative (i.e. higher), to try to maintain biomass slightly above BMSY. For fishing 
pressure, management targets are often based on or related to UMSY, or else they may 
be more conservative (i.e. lower), to try to maintain fishing pressure slightly below 
UMSY. In this report, we use the conventions that BMSY and UMSY represent general 
management targets, though the actual values used as targets may be based on other 
criteria than quantities related to MSY.

Stock status is typically represented by a time series of biomass, B, relative to a 
biomass management target, BMSY, and by a time series of fishing pressure, U, relative 
to a fishing pressure management target, UMSY (Box 1). (We note that some definitions 
of stock status may involve only biomass, not fishing pressure, but it is equally 
important to include fishing pressure because it provides information about the future 
state of biomass, not only the current state.) These quantities can also be expressed 

FIGURE 2.2
Influence of long-term average annual fishing pressure (U) on long-term average biomass (B) 

and long-term average annual yield of a population. 

Long‑term yield is maximized at an intermediate level of fishing mortality, which maintains the population at 
an intermediate level of biomass. The carrying capacity, KB, represents the average biomass of an unexploited 
population. UMSY is the level of fishing pressure that produces maximum sustainable yield (MSY) and maintains the 
population at BMSY. Under the model shown, BMSY occurs at 50 percent of KB; under other models, this is instead 
typically between 30‑40 percent of KB. Levels of fishing pressure greater than UMSY are termed ‘overfishing’. 
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as ratios: the ratio B/BMSY is a measure of relative biomass, and the ratio U/UMSY is 
a measure of relative fishing pressure. Other reference points may be used instead in 
the denominators of these ratios, such as proxies for MSY-reference points, or other 
management targets. When presenting estimates of stock status, ratios of B/BMSY and 
U/UMSY are often discussed together in what is commonly referred to as a ‘Kobe plot’ 
(Fig. 2.3). These plots can be used to show the current status of one or more stocks, as 
well as changes over time in stock status. By expressing these variables as ratios, their 
values are compared relative to a target value of 1. The joint target for stock status 
is represented by the intersection of B/BMSY = 1 and U/UMSY = 1 in Fig. 2.3. Under 
assumptions of some simple models (Schaefer, 1954), B/BMSY is never expected to 
exceed 2, because the value 2 represents carrying capacity. Under other simple models 
(Pella and Tomlinson, 1969; Fox, 1970), as well as more complex age-structured 
models, BMSY is often estimated to be less than 50 percent of carrying capacity, thus 
values of B/BMSY commonly exceed 2.

FIGURE 2.3
‘Kobe plot’ of relative fishing pressure (U/UMSY) plotted against relative biomass (B/BMSY).

Historical or current values of stock status could fall anywhere in this space. The joint target for stock status is 
represented by the intersection of B/BMSY = 1 and U/UMSY = 1. Thresholds typically defining levels for overfishing 
and for overfished are indicated; various biomass thresholds are used around the world to define overfished. Four 
quadrants are referred to in the text: lower right (L,R), upper right (U,R), upper left (U,L), and lower left (L,L).
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We refer to four distinct quadrants in the ‘Kobe plot’, representing general 
categories of stock status:

•	 (L,R): The lower right quadrant, with relative biomass greater than 1 
(B/BMSY >  1, or equivalently, B > BMSY) and relative fishing pressure less 
than 1 (U/UMSY < 1, or equivalently, U < UMSY), contains stocks that have 
relatively high abundance (compared to their BMSY estimates or specified 
biomass targets) and relatively low fishing pressure (compared to their UMSY 
estimates or specified fishing pressure targets). Stocks in this quadrant may 
be lightly-exploited, or they may have recovered from a previous history 
of overfishing, i.e. they have ‘rebuilt’. Unless fishing pressure increases or 
environmental conditions deteriorate, stocks in this quadrant generally remain 
in this quadrant. There is generally little conservation concern for stocks in this 
quadrant.

•	 (U,R): The upper right quadrant, with B > BMSY and U > UMSY, contains stocks 
that have relatively high abundance and high fishing pressure. Stocks subjected 
to rapidly-developing fisheries may be in this quadrant, as fishing pressure has 
increased above management targets (which are typically related to MSY), but 
biomass has not yet responded with declines to below targets (which are also 
typically related to MSY). Stocks do not often remain in this quadrant for long; 
the transition through this quadrant is often rapid because if fishing pressure 
remains above UMSY, eventual biomass declines to below BMSY are expected.

•	 (U,L): The upper left quadrant, with B < BMSY and U > UMSY, contains stocks 
that have relatively low abundance and high fishing pressure. The stocks in 
this quadrant are generally of greatest conservation concern, as fishing pressure 
is still relatively high even as abundance has already been depleted to below 
target levels (and is therefore less productive than the population would be at 
target levels). Stocks in this quadrant can be said to be experiencing overfishing 
(U > UMSY) and in some cases may also be considered overfished (B < BMSY), 
although thresholds for classification of ‘overfished’ differs across agencies and 
international organizations (the threshold used by FAO is 0.8 BMSY, the middle 
dashed vertical line in Fig. 2.3). Unless fishing pressure is lowered, stocks in this 
quadrant generally remain in this quadrant.

•	 (L,L): The lower left quadrant, with B < BMSY and U < UMSY, contains stocks 
that have relatively low abundance and low fishing pressure. Stocks in this 
quadrant have often experienced overfishing in the past (leading to biomass 
declines), but have since had their fishing pressure reduced to a level below 
UMSY. Stocks in this quadrant are often considered to be recovering from 
previous over-exploitation, although adverse environmental conditions could 
have led to biomass declines even in the absence of overfishing. If fishing 
pressure remains low, stocks are generally expected to transition from this 
quadrant to the lower right quadrant as biomass rebuilds.
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Box 1
Variables that together represent stock status

B/BMSY where:
•	  B is either a current measure or a time series of biomass;
•	  B may represent a variety of summary biomass types including 

spawning stock biomass (SSB), total biomass (TB), or vulnerable 
biomass (VB);

•	  BMSY represents the management target (i.e. the target reference point) 
corresponding to B. This target is often based on values related to 
maximum sustainable yield, but may be based on proxies for MSY 
(e.g. B40%), or on other targets (e.g. Bmgt);

•	  BMSY is typically considered a static value, although in some stock 
assessments it may be estimated instead as a benchmark that varies 
over time;

•	  If a BMSY estimate is not provided in a stock assessment, it may be 
possible to estimate an approximate value later, by applying a model 
to assessment outputs post-hoc. This approach is less preferred to 
estimating BMSY within the stock assessment, but it may be used to ‘fill 
in the gaps’ for missing reference points;

•	  Expressed as a ratio, B/BMSY fluctuating around the target of 1 is 
equivalent to B fluctuating around the target of BMSY.

U/UMSY where:
•	  U is either a current measure or a time series of fishing pressure;
•	  U may represent either an instantaneous fishing mortality rate (F) 

or an annual fraction of the population harvested, i.e. exploitation 
rate (ER);

•	  UMSY represents the management target (i.e. the target reference point) 
corresponding to U. This target is often based on values related to 
MSY, but may be based on proxies for MSY (e.g. U40%), or on other 
targets (e.g. Umgt);

•	  UMSY is typically considered a static value, although in some stock 
assessments it may be estimated instead as a benchmark that varies 
over time;

•	  If a UMSY estimate is not provided in a stock assessment, it may be 
possible to estimate an approximate value later, by applying a model 
to assessment outputs post-hoc. This approach is less preferred to 
estimating UMSY within the stock assessment, but it may be used to ‘fill 
in the gaps’ for missing reference points;

•	  Expressed as a ratio, U/UMSY fluctuating around the target of 1 is 
equivalent to U fluctuating around the target of UMSY.
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2.3 OTHER INFLUENCES ON OPTIMAL HARVESTING
Whereas harvesting is a regulator of population size, the environment acts as a 
driver of population size. Some environmental conditions may be more favorable to 
the growth of a population, and thus result in a more productive population (i.e. a 
population that produces more surplus production at a given level of fishing pressure). 
Other environmental conditions may be less favorable and result in a less productive 
population. Periods of higher productivity and lower productivity often alternate, 
occurring on a scale of several years or decades, as a result of changing environmental 
regimes affecting the population. 

Changes in key parameters like recruitment, somatic growth, natural mortality, 
predation, competition and ocean conditions can change the level of sustainable 
exploitation a population can withstand (Vert-pre et al., 2013). For example, low 
recruitment can cause declines in stock size (Gilbert, 1997), so when the environment 
is in a less-productive regime, harvesters must take less fish. Environmental conditions 
can also cause uncertainty in how rebuilding populations will respond to reductions 
in fishing mortality. Future abundance of stocks is not just dependent on the level of 
fishing pressure, but also on the state of the environment, and whether conditions are 
favorable or unfavorable to the parameter in question. Declines in productivity can 
occur even at times of high abundance (e.g. northwest Atlantic cod [Vert-pre et al., 
2013]) as productivity is not directly tied to abundance. 

In situations of mixed-stock fishing (including tropical fisheries), differing 
productivities of different stocks under different environmental conditions must 
be carefully considered. There are cases in which long-lived fish are traditionally 
harvested with short-lived fish, and in these cases, the sustainable harvest rates are 
different for the individual species (short-lived fish can usually be harvested at higher 
rates than long-lived fish). In these mixed-stock fisheries, traditional reference points 
such as MSY, BMSY, and UMSY are no longer appropriate. 

When managing fisheries with a MSY approach, the goal is to obtain the highest 
possible long-term catch without additional regards for profitability, community 
stability or environmental protection. It is worth noting that Australian fisheries 
management revolves around the concept of MEY (maximum economic yield) for 
the harvesting sector, where the catch target is lower compared to MSY because 
profitability of the fishing activity is explicitly considered. It is also worth noting 
that there are no common fisheries management reference points that refer to social 
indicators – only biological ones, which are for most stocks either based on MSY or 
serve as proxies for MSY. Ideally, biomass should be near or greater than BMSY, and 
fishing mortality should be near or less than UMSY. In a mixed-stock fishery, this 
situation is impossible to achieve for multiple species simultaneously if they differ 
in levels of productivity. For example, if an unproductive stock has lower potential 
yield than a productive stock, and the productive stock is fished at UMSY, there is a 
risk of overfishing the unproductive stock. On the other hand, if the harvest rate is 
reduced to UMSY of the unproductive stock, then potential yield is lost from the more 
productive stock. The decision of whether to fish at the higher or the lower harvest 
rate would be an especially difficult management decision to make in a food-insecure 
community. 
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An alternative to setting catch limits based on species-specific MSY levels is to 
consider the total catch of the multi-species system. Some ecosystems fail to show 
declines in yield under high levels of effort when that yield is made up of a mixture 
of taxa (McClanahan et al., 2008; Szuwalski et al., 2016). In some cases, when effort 
is higher than the level expected to produce MSY but sustained catch is also high (e.g. 
Kenya and China), yield can be greater if the total catch is made up of solely lower-
trophic level species. These multi-species systems, where high yields of lower-trophic 
level fish come at the expense of species diversity (in particular the abundance of 
predatory fish) and potentially at the expense of functioning ecosystems, can be 
successful in terms of producing food. In some coastal communities, food production 
is what is valued most.  
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3. Sustainability of fishery 
resources

3.1 SUSTAINABILITY OF FISHERIES MANAGEMENT SYSTEMS
Many definitions of the word “sustainability” exist, but common to all the definitions 
are the concepts of “living within limits” and the capacity of ecosystems to indefinitely 
produce goods and services for human consumption and use (Hilborn et al., 2015). 
The focus on production of a good or service prioritizes the biological sustainability 
of the resource, but indeed societal and economic conditions need to be considered in 
the evaluation of sustainability as well. If resources are produced within systems that 
provide unfair working conditions, utilize victims of human trafficking, sexual slavery 
or children as laborers, ignore issues related to gender equality or tolerate workplace 
violence and forced labor, these systems are not sustainable (Gibson, 2006). Injustice is 
not moral, thus it is not sustainable (Burkhardt, 1989). 

Another way of evaluating the sustainability of seafood production is to determine 
whether the process is sustainable, not just the current state. For harvesting seafood, 
here we refer to the fishery management system as the process and the abundance of the 
stock as the state. Sustainability in the process (fisheries management) is an important 
means to achieve sustainability in the state (population abundance). It is not acceptable 
solely that there are enough fish in the water at this particular moment. If the process 
is unsustainable, the current desirable state can be very easily overturned. On the other 
hand, if the process is sustainable (i.e. if a country has a strong fisheries management 
system based on strong science), then even if the current state is undesirable, the state 
can recover provided that the underlying system is modified, for example by reducing 
fishing pressure. In an unsustainable process, a depleted state is unlikely to recover, and 
a currently desirable state may very well become undesirable for a variety of reasons 
including environmental changes and economic incentives. 

The reason that we want to ensure that we have a sustainable process—again, 
referring specifically to fisheries management systems in their entirety—is that 
there are many economic, biological, and societal benefits that can be realized from 
sustainable fisheries. Starting with the societal benefits of sustainable fisheries, many 
traditional fishing communities derive their identity from the fact that they are 
fishers, and their relatives throughout many generations have been as well. Access to 
fishing opportunities is essential to maintaining these traditional communities and the 
livelihoods of people living in them. 

The biological benefits of a sustainable fishery extend not only to harvesters 
catching the fish, but to all users of coastal resources. Fishing will invariably alter 
the abundances of populations and food webs of ecosystems to some extent; this is 
a trade-off that is considered to be acceptable in order to produce food from capture 
fisheries. If fisheries are biologically sustainable, then the risk of harmful effects on 
food webs and ecosystems is reduced (no key links are removed), and exploited stocks 
can continue to provide essential services. Even though the biomass of a particular 
species may be reduced from fishing activity, the same species remain present. Aside 
from food production, these ecosystem services include, but are not limited to, nutrient 
recycling, biodiversity, medicines, and biological regulation of pests and diseases 
(Beaudoin and Pendleton, 2012). Sustainable fisheries are also more resilient to climate 
change and resulting ocean acidification, and they will be able to continue providing 
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food for vulnerable communities in the face of environmental change. A sustainable 
fisheries management system can lead to sustainability of a fishery and help to realize 
these social, economic, and ecological benefits, and as we describe in the next section, 
there are many components of these systems.

3.2 ELEMENTS OF SUCCESSFUL MANAGEMENT SYSTEMS
In managing fisheries to ensure they provide economic, social, and biological benefits, 
a few key items need to be included in a fisheries management framework. The first 
is having objectives and targets for fishing pressure and abundance. In MSY-managed 
systems, these are reference points such as UMSY and BMSY or their proxies. These 
reference points are typically estimated within the stock assessment framework, 
but in some cases, they are specified separately, for example with a fixed annual 
exploitation rate based on historical estimates in the fishery. Second, once these 
reference points and other objectives have been determined, data required to estimate 
current fishing pressure and levels of abundance (for comparison against the reference 
point benchmarks) need to be collected. This can be accomplished by a combination 
of having observers onboard fishing vessels, conducting fishery-independent surveys 
of abundance (trawl or acoustic surveys, for example), estimating various measures 
of fishing effort (for example, number of fishers, number of vessels, or number of 
days fishing), and collecting catch data. Third, these data are brought together in a 
stock assessment which uses a population dynamics model to estimate current fishing 
pressure and biomass, and compare these to the established reference points. The fourth 
major component of a strong and effective fisheries management system is the ability 
to respond to new or updated stock assessments. If an assessment finds that fishing 
pressure is higher than it should be (compared to the reference point objective), or that 
biomass is lower than it should be, then managers must be able to adjust components 
of the fishery system to remedy this and bring the system back towards target levels. 
It is especially imperative that managers can adjust fishing pressure downwards if it is 
evaluated as being too high. Enforcement is the last component of a successful fisheries 
management system. If rules are not enforced, then it is likely that users will not follow 
them. If fishery managers determine that gear modification changes are necessary, 
then enforcement officers need to make sure that they happen. Otherwise, it is likely 
that the next time an assessment is done, the same issues will be present; if this cycle 
continues, depletion and overfishing of the resource will ensure that fishing livelihoods 
will disappear. 

There are a variety of possible ways to limit fishing pressure if scientists, managers, 
or decision makers conclude that fishing pressure should be reduced. Managers can 
limit catch, fishing effort, or spatial access. These approaches each have their own 
advantages and disadvantages, and may be more effective in some contexts than others. 
Possible ways to limit catch, which are termed ‘output controls’ (Box 2) include 
limiting the collective catch by setting a total allowable catch, i.e. a fleet-wide quota, 
or limiting catch individually by using catch shares or individual quotas (see below). 
Limiting the collective catch incentivizes individuals to invest in gear (which may lead 
to excess fishing capacity) to catch as many fish as they can in the shortest amount of 
time, before someone else catches them (Anderson et al., 2019). As a result, product 
quality and diversity are negatively affected by limited processing capacity, and profits 
are typically lower than they could be, even though biological sustainability may be 
protected (Anderson et al., 2019). To address reduced profits, individual limits on catch 
can be established (catch shares). If the program is well-designed and allocation is fair, 
this management strategy eliminates or at least reduces the race to fish, and delivery 
of fish can be timed to align with market demand and available processing capacity 
(Grafton et al., 2006). In this case, economic and biological sustainability are protected 
(Branch, 2009). However, if not allocated fairly, catch share systems can have negative 
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social impacts (Gibbs, 2007; Bromley, 2009; Pinkerton and Edwards, 2009; Edwards 
and Pinkerton, 2020). 

Managers can alternatively, or additionally, decide to limit effort, often termed 
‘input controls’ (Box 2). Possible approaches include: (1) limiting entry into the fishery; 
(2) establishing total effort limits, which may be based on a guideline harvest level; or 
(3) allocating transferable effort units. Limiting entry often does little to control overall 
fishing mortality, as those fishermen that are granted entry can simply fish longer, 
more frequently, and make capital improvements to increase their fishing capacity. 
A guideline harvest level is a target total allowable catch, but the fishery is not closed 
when the catch reaches the target level. Essentially, this type of management does not 
actually limit fishing mortality, and the fishery may behave like an open access fishery 
(Anderson et al., 2019). Some cases of limited entry have been effective when the 
fishing capacity of vessels has been limited as well as the number of vessels. 

Examples of other input controls include mesh size or other gear type restrictions, 
body size limits, seasonal closures, and vessel length limitations. In general, input 
controls are less effective at limiting fishing mortality compared to output controls 
(Hilborn et al., 2005). If managers use only input controls, ‘capital stuffing’ is likely to 
occur on the unregulated inputs, in which fishers make costly investments in vessel or 
gear improvements to outcompete other fishers (Anderson et al., 2019). If, for example, 
mesh size is restricted, fishermen can upgrade their gear in other ways (using longer 
soak times or larger gears) to compensate for reductions in catch. To offset the higher 
investment costs, fishermen are likely to switch to harvesting the most profitable 
species. If the input controls are transferable, meaning they can be transferred between 
individuals (e.g. transferable trip limits), the inputs eventually get traded to the most 
efficient individuals, which does not successfully limit fishing mortality. 

Lastly, managers can limit spatial access by closing certain areas to fishing activity, 
another form of input controls. This is usually done with conservation goals in mind 
to limit access to sensitive habitats. However, spatial closures do not necessarily limit 
the amount of fish caught, as fishing effort can redistribute around the closed areas. 

Box 2
Input and Output Controls (Cochrane, 2002)

Input controls
Input controls are designed to manage fishing effort by controlling the intensity of 
the gear used by fishermen.  Examples of input controls are:

•	  restrictions on the number and size of fishing vessels;
•	  amount of time vessels are allowed to fish;
•	  the number of gears deployed;
•	  the number of individual fishers.

Output controls
Output controls are designed to manage catch, or how much fish is taken out of the 
water.  Examples of output controls are:

•	  limits on the amount of fish that can be caught in a given period of time 
(also called bag limits if the period of time is 1 day);

•	  bycatch restrictions.

One type of fisheries management system that has become increasingly common 
over the past few decades in the developed world is that of catch shares, or individual 
quotas. Quota units may be transferable among holders, in which case they are termed 
ITQs (individual transferable quota); they may also be termed IVQ, for quota units 
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tied to vessels, or IFQ, for quota units tied to fishers. Economic benefits of ITQs can 
include increased profits, lower total fishing effort, decreased interannual variability 
in catches, and increased safety (Arnason, 2005; Grafton et al., 2006). As mentioned 
earlier, under a well-designed ITQ system, the race to fish is eliminated or substantially 
reduced. This means that fishermen can choose the best time, in the best weather, to 
go out and catch their share of the total quota. By eliminating the need to fish in bad 
weather, safety of fishers on vessels has drastically improved in several fisheries. Because 
fishers can make decisions about when to fish, this can also work to increase profits. 
Timings of deliveries can be aligned with market demand, and spreading out deliveries 
over time gives processors a chance to add value to the fish by filleting or removing pin 
bones instead of just flash freezing the entire fish before it spoils. ITQs also incentivize 
those with low quota shares to sell their quota to others, which ultimately reduces the 
total fishing effort expended to catch a given quantity. The fishers that remain active 
will be the most efficient ones, which increases the overall profitability of the fishery 
across all participants. It is very important, therefore, when designing the structure 
of an ITQ program, to put in place controls that ensure access for local residents and 
those directly dependent on the resource. Well-designed programs can potentially 
avoid the negative social consequences that excessive consolation of access can have on 
coastal communities.

3.3 BEYOND RESOURCE SUSTAINABILITY
As fisheries management systems have evolved, so have thoughts on the concept 
of fisheries sustainability. Instead of just referring to sustainability as the ability of 
ecosystems to indefinitely produce goods for humans, the Brundtland Commission 
definition of sustainability (World Commission on Environment and Development, 
1987) also allows for the inclusion of economic and social aspects of sustainability: 
“Sustainable development is development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs”. Inaddition 
to previously mentioned economic and social issues that need to be included 
in considerations of fisheries sustainability, topics such as transnational stealing, 
slavery, migrant worker abuses, indigenous rights and representation, greenhouse 
gas production, and energy use need to be included in sustainability discussions. All 
three pillars of sustainability are intricately connected; if management decisions do 
not consider long-term biological sustainability of stocks, they will not allow for the 
long-term sustainability of the fishing industry, and collapses in the industry can lead 
to the decline of coastal communities (Asche et al., 2018). 

In conventional equilibrium theory, overfishing can be biologically sustainable. In 
most countries, overfishing is defined as fishing at rates greater than UMSY. When U is 
greater than UMSY, long-term average catch is reduced, but a sustainable amount of fish 
can still be harvested year after year. This amount harvested is less than the maximum 
sustainable amount possible, but it can still be close, for example 80-90 percent of MSY 
(Hilborn, 2010). Further, in a situation with U greater than UMSY, employment may 
be higher than it would be at UMSY, so depending on social objectives, it may actually 
confer certain benefits. These ideas should be carefully considered in certain cases; 
different parts of the world may differ in their values or objectives for capture fisheries. 
One of the goals of capture fisheries is to produce fish to feed people, and fish is a form 
of protein that is very nutritious, associated with low carbon emissions, and invaluable 
to many people in developing countries. We do not encourage a policy of overfishing; 
we note that it is also possible to generate sustainable yield amounts of around 
80-90 percent of MSY by fishing at rates less than UMSY. In addition to returning a 
relatively high level of food production (though not the maximum possible), these 
more conservative fishing rates are also more economically efficient, and generally 
result in average biomass levels that are greater than BMSY instead of less than BMSY.
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When considering how to measure the three pillars of sustainability, it is important 
to remember that fish stocks fluctuate even in the absence of fishing pressure. Whether 
a fish population is at carrying capacity or at intermediate levels of abundance, changing 
environmental conditions can cause fluctuations that are highly variable, unpredictable, 
and substantial in magnitude7. Measures of abundance at a particular point in time in 
a dynamic ecosystem do not ensure that a stock is sustainable over the long term. Nor 
do measures of high abundance mean that current levels of fishing pressure are low 
enough to ensure the long-term sustainability of the fishery. Management systems 
that focus only on static targets can lead to delayed or inadequate responses to real 
changes that occur in the ecosystem. Sustainability is a process to engage in and adjust 
as needed, rather than a target that can be achieved once and left alone thereafter.

 
 

7 Equilibrium biomass at any given level of fishing pressure is a theoretical construct representing an 
average; no population actually remains at equilibrium.
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4. Databases and data analysis 
methods

Results from several data analyses that rely on published outputs from stock 
assessments and other data sources are used to portray the status of assessed stocks 
at the global level (Chapter 5) and for individual regions (Chapter 6). This chapter 
describes the databases that were used for assembling this information and the methods 
of analyzing these data to produce the results presented.

4.1 RAM LEGACY STOCK ASSESSMENT DATABASE (RAMLDB). 
The RAM Legacy Stock Assessment Database8 is a compilation of stock assessment 
results for commercially-exploited marine populations from around the world. The 
core variables in RAMLDB are time series of catch (commercial landings, and for some 
stocks also other components of total catch), biomass, and fishing pressure along with 
their respective MSY-based reference points or similar management targets. Data are 
at the level of stocks as defined in assessments, generally considered to be biological 
populations that are distinct from other populations of the same species in terms of 
spatial distribution, migration, and reproduction. It is inspired by Dr. Ransom A. 
Myers’ original stock-recruitment database (Myers et al., 1994). Development of the 
present database began in 2007, with the early content of the database described by 
Ricard et al. (2012). Since then, the database has expanded considerably in terms of 
the number of stocks included, the number of repeat assessments for those stocks, and 
the number of data types and variables incorporated. Since 2011, the RAM Legacy 
Database has been hosted at and managed by the University of Washington, but it 
represents an international collaboration by many fisheries scientists around the world. 
A recorded public webinar9 was given in 2019 to familiarize users with the database.

Most of the results presented in this report are based on time series of estimated 
biomass (B) and estimated fishing pressure (U) from stock assessments contained in 
the RAMLDB. These are typically the outputs of fitting a population dynamics model 
to catch time series and other data. Biomass may be estimated as total biomass (TB), 
spawning stock biomass (SSB), or other forms of summary biomass. Fishing pressure 
may be estimated as the instantaneous fishing mortality rate (F) or as a discrete 
exploitation rate (ER), typically a fraction of the biomass caught in a given year (Box 1). 

Along with time series of biomass and fishing pressure, stock assessments also often 
provide estimated values of biological reference points, or benchmarks against which 
the time series are compared to determine historical and current stock status. These 
reference points may be based on quantities related to maximum sustainable yield 
(MSY), such as the long-term fishing pressure expected to provide equilibrium MSY 
(UMSY) and the equilibrium biomass (BMSY) predicted to result from fishing at UMSY. In 
some countries, estimated reference points are more commonly based on the spawning 
potential ratio, which are considered as proxies for MSY-based values. Occasionally, 
target biomass or target fishing pressure are not estimated from assessment models, but 
are specified separately and used as management targets. 

In this report, we preferentially use MSY-based reference points (or their proxies) 
provided in assessments, and if these are not available, we use specified management 
targets cited in assessments. If neither of these are available, we estimate BMSY and 

8 https://www.ramlegacy.org/
9 https://www.youtube.com/channel/UCHDycBQ5X-cVn2zUbguAN3A
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UMSY post-hoc (i.e. not within the stock assessment itself, but afterwards using output 
from assessments) by fitting biomass dynamics models to time series of catch and 
biomass taken from stock assessments (see below, ‘Post-hoc estimation of biological 
reference points’). When we refer to stock status (Box 1), this generally implies joint 
consideration of biomass relative to a reference point (relative biomass or B/BMSY) 
and fishing pressure relative to a reference point (relative fishing pressure or U/UMSY). 
Whether these ratios involve actual estimates of BMSY and UMSY, proxies for BMSY and 
UMSY, or specified management targets in the denominators, the standardization of B 
and U relative to these benchmarks provides a means for comparison across stocks.

The RAMLDB is publicly available through a Zenodo repository10, with several 
updated versions posted annually. Assessment data for some stocks are entered into 
the RAMLDB using a custom template, copying and pasting time series data from 
tables in stock assessment documents, or digitizing figures published in assessments. 
Assessment data for other stocks are imported into the RAMLDB directly from 
other databases, which allows for importing multiple stocks at once for the country 
or region. Direct database imports have been used for stocks from the United States 
of America (using the Species Information Systems database), Atlantic Europe (using 
the online ICES [International Council for Exploration of the Seas] database), the 
Mediterranean, and Japan. Together, these manual and automatic data entries form the 
‘assessment-only’ version of the RAMLDB10. Apart from minor calculations (such as 
calculating B/BMSY from an extracted time series of B and an extracted reference point 
value for BMSY; or calculating ER time series from total catch [TC] and TB time series), 
all data contained in the ‘assessment-only’ version of the RAMLDB originate from 
stock assessment outputs.

In contrast to the ‘assessment-only’ version of RAMLDB, there is also an 
‘Extended RAMLDB’, or ‘model-fits’, version10, which supplements the data that 
are extracted directly from stock assessments with a variety of data processing steps. 
These post-hoc steps include: (1) if biological reference points UMSY or BMSY are not 
available from assessments, they are estimated by fitting a surplus production model 
to assessment time series of TC and TB (further details are described below under 
‘Post-hoc estimation of biological reference points); (2) use of surplus production 
models requires a time series of TB, so for assessments containing only time series of 
SSB, a regression model is used to convert SSB to TB, accounting for ages and sexes 
of spawners as well as life-history covariates and historical rates of fishing pressure; 
(3) if TB0 is available from assessments, but TBMSY or a proxy for TBMSY is not available 
(some assessments are parameterized differently and report the biomass depletion 
rate relative to unfished biomass, TB/TB0, instead of biomass relative to the typical 
target, TB/TBMSY), TBMSY is estimated as 0.368 TB0, based on Thorson’s meta-analysis 
(Thorson et al., 2012); and  (4)  MSY is estimated as TBMSY х ERMSY. Because of the 
additional assumptions required for these processing steps, which users may not be 
familiar with, this ‘model-fits’ Extended version of RAMLDB is not typically released 
publicly, but it does form the basis of the results presented in this report, using version 
4.46 of the Extended RAMLDB (2020a).

Stock assessments are primarily conducted by countries or regions with 
well-developed systems for data collection, monitoring, and analysis. These tend to 
be wealthier countries, as seen in Fig.  4.1, where the dark shading of the pie charts 
by country shows the fraction of the country’s total catch that is covered by species 
with stock assessments that are included in the RAMLDB. There are many countries 
in southern and eastern Asia, Africa, and Central and South America that do not 
conduct any formal stock assessments (or do not release them publicly for inclusion 

10 RAMLDB ‘assessment-only’ version: https://zenodo.org/communities/rlsadb
 Extended RAMLDB ‘model-fits’ version: https://zenodo.org/communities/rlsadb-ext 
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in the RAMLDB) despite catching large quantities of fish annually. There are several 
countries in Fig. 4.1 that are shaded grey on the map and have small fractions of their 
catch covered by stock assessments even though the country itself does not typically 
conduct stock assessments; these result from tuna and other widely-distributed stocks 
which are typically assessed under tuna Regional Fisheries Management Organizations 
(tRFMOs)11. The catches of these widely-distributed pelagic stocks are distributed in 
Fig. 4.1 according to the proportion of catch by country for each stock, resulting in at 
least some coverage of assessed stocks for these countries. Other assessed stocks that 
are fished by multiple countries (besides those assessed under tRFMOs) are assigned 
to the country with the greatest proportion of catch of that stock, so the shading of pie 
charts should be interpreted with some caution. 

A similar map shows total catch and assessment coverage summarized by FAO 
Major Marine Fishing Area instead of by country (Fig.  4.2). Regions with over 
three-quarters of total landings comprising species for which stock assessments are 
conducted (and contained in RAMLDB) include the northeast Atlantic (area 27), 
northeast Pacific (67), and southeast Pacific (87). Other regions have approximately 
half their landings comprising species with assessments, including the northwest 
Atlantic (21), eastern (34) and western (31) central Atlantic, and the southwest Pacific 
(81). Roughly one quarter to one third of total landings in eastern (47) and western 
(41) south Atlantic areas, Mediterranean and Black Seas (37), northwest Pacific (61), 
and western (71) central Pacific are comprised of species that are assessed. Other 
FAO Major Fishing Areas contain few assessed species in the total landings, including 
eastern (57) and western (51) Indian Ocean, and the eastern central Pacific (77).

11 These include: International Commission for the Conservation of Atlantic Tunas (ICCAT); Indian 
Ocean Tuna Commission (IOTC); Commission for the Conservation of Southern Bluefin Tuna 
(CCSBT); Inter-American Tropical Tuna Commission (IATTC); and Western and Central Pacific 
Fisheries Commission (WCPFC).

FIGURE 4.1
Coverage by country or aggregated region of assessed stocks contained in RAM Legacy Stock 

Assessment Database. 

Countries or regions shaded grey have at least some representation of assessed stocks. Circle size is proportional to 
the country or region’s average annual catch as reported to FAO. Dark blue shading represents the catch fraction 
covered by assessed stocks. Overlaid * on circles indicate countries for which the coverage in RAMLDB accounts for 
only the catch from multinational high seas fisheries (no assessments conducted by the countries directly). Circles are 
plotted for the following regions instead of countries: Mediterranean‑EU, ICES Atlantic and North Sea‑EU, and ICES 
Baltic‑EU. Map conforms to United Nations World map, February 2020.
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4.2 FISHERIES MANAGEMENT INDEX DATABASE (FMI)
Several attributes of fisheries management systems were characterized at the stock level 
using expert surveys. The Fisheries Management Index (FMI) survey characterizes the 
research, management, enforcement, and socioeconomic dimensions of the harvesting 
sector and describes a qualitative measure of stock status (Melnychuk et al., 2017). 
Overall, FMI surveys are meant to provide a measure of management intensity for 
individual stocks. The FMI surveys target not only data-rich fisheries with formal 
stock assessments available, but also fisheries for which there are insufficient data to 
conduct quantitative stock assessments. 

Survey data are gathered at the stock level (not biological stocks, but ‘FAO stocks’, 
i.e. unique combinations of country and species, and sometimes also FAO Major 
Fishing Area). Expert surveys consisted of 45 questions nested within 13 attributes 
related to collection of landings data, body size or age data, scientific surveys of 
abundance, stock assessments, management plans, fishing pressure limits, adjustments 
of fishing pressure, enforcement of regulations, protection of sensitive habitats, 
discarding and by-catch measures, fishing access and entry controls, transparency and 
involvement in management decisions, and capacity-enhancing subsidies. Responses 
to questions reflect whether a criterion is met, partially met, or not met. Respondents 
complete a survey typically for 5-10 stocks (ranging from 1-22 stocks) in their 
country or region of familiarity. Survey respondents have a variety of background 
experience: government scientists, managers, academics, industry representatives, 
and environmental non-governmental organizations. Because of this diversity of 
backgrounds and perspectives, surveys for a given stock are typically distributed to 
multiple respondents (on average, 2.9 surveys for each stock were completed, ranging 
from 1-15 surveys excluding repeat follow-up surveys). These surveys have been 
conducted for stocks at the country level, most often focused on coastal waters in the 

FIGURE 4.2
Coverage by FAO Major Fishing Area of assessed stocks contained in RAM Legacy Stock 

Assessment Database.

Circle size is proportional to the FAO Major Fishing Area’s average annual catch as reported to FAO. Dark shading of 
circles represents the catch fraction covered by assessed stocks. Colors and hatching represent tRFMO jurisdictional 
areas (see footnote 11 for tRFMO names). Numbers are shown for FAO Major Fishing Areas. Map conforms to United 
Nations World map, February 2020.
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country’s Exclusive Economic Zone, where a stock is usually defined as an entity from 
the FAO landings database, i.e. a combination of country, species, and FAO Major 
Fishing Area (Melnychuk et al., 2017). These surveys have also been conducted for 
tuna and other highly migratory stocks at the level of tRFMOs11, in which stocks were 
defined instead as biological stocks, following the conventions of stock assessments 
(Pons et al., 2017). Recent data collections have expanded this dataset, which currently 
contains 580 unique surveys covering 1251 unique stocks across 67 countries and 
5 tRFMOs.

Aggregating FMI survey answers across the four dimensions of research, 
management, enforcement, and socioeconomics produces a value ranging from 0 to 1 
representing the overall intensity of fisheries management for the stock. We refer to 
this value as the Fisheries Management Index (FMI). FMI values for individual stocks 
can be paired with stock status data from two sources. First, the FMI survey also 
includes questions that provide a qualitative measure of stock status (about current 
levels and trends of biomass and fishing pressure relative to what are thought to be 
the most desirable levels). This pairing is straightforward, as the response (qualitative 
stock status) and the predictor (FMI) are extracted from the same survey for the same 
stock. Second, FMI values can be paired with quantitative stock status estimates from 
assessments. In this second case, the matching of FMI data with assessment data is not 
as straightforward, because the definition of stock often differs. FMI stocks, assuming 
‘FAO stock’ conventions, are defined for statistical convenience by country and FAO 
Major Fishing Area, while formal stock assessments are often defined by biological 
areas of distribution and genetic similarity. Mismatches are common for several 
reasons: FMI stocks and biological stocks may overlap only partially; several biological 
stocks are often contained within the area of a single FMI stock; and several FMI stocks 
are occasionally contained within the area of a biological stock. We paired FMI stocks 
with biological stocks of the same species when their areas of distribution overlapped 
fully or partially, but did not pair up FMI and biological stocks of the same species 
when their areas of distribution were clearly distinct.

4.3 FAO LANDINGS DATABASE (FAO)
Landings data by FAO Major Fishing Area were summarized for comparison with 
landings (or total catch) data of assessed stocks contained in the RAMLDB. Landings 
data (FAO, 2019b) by FAO Major Fishing Area, country, species (or more aggregated 
taxonomic group) and year were extracted from the FAO global capture production 
database using the software FishStatJ (FAO, 2019c). Because stock assessments are 
typically only conducted for fish and some marine invertebrates including molluscs 
and crustaceans, some taxa were excluded from the FAO landings database prior to 
summarizing landings at the FAO Major Fishing Area or country level. Taxa excluded 
were mammals, reptiles, amphibians, sponges, corals, algae, and miscellaneous animal 
products such as shells and pearls. 

Average landings were calculated for fished species for their most recent 5-year range 
available, 2013-2017. To summarize landings by FAO Major Marine Fishing Area, 
landings data were treated differently between the ISSCAAP12 group ‘tunas, bonitos, 
billfishes’ and other ISSCAAP groups, because species in the tunas group are primary 
assessed under tRFMOs11. For the tunas group, landings by species were pooled across 
FAO Major Fishing Areas into three ocean basins: Atlantic (which included FAO 
Major Fishing Areas 21, 27, 31, 34, 41, 47, 48, and 37), Indian (which included FAO 
Major Fishing Areas 51, 57, and 58), and Pacific (which included FAO Major Fishing 
Areas 61, 67, 71, 77, 81, 87, and 88). For other ISSCAAP groups, landings were not 
pooled across FAO Major Fishing Areas, and for purposes of summary tables, they 
were also maintained disaggregated by county. For all ISSCAAP groups, average 

12 The FAO International Standard Statistical Classification of Aquatic Animals and Plants
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landings data were summed across taxa to represent total landings either for aggregated 
ocean basin regions (tunas) or for individual FAO Major Fishing Areas (other taxa). 
Total landings by FAO Major Fishing Area as well as the proportion of landings 
covered by assessed stocks in RAMLDB are shown in Fig. 4.2.

In recent years (2013-2017), assessed stocks in the RAMLDB have accounted for 
34  percent of total global landings as reported by individual countries to FAO and 
contained in the FAO capture fisheries production database (Fig. 4.3) The proportion 
was higher, nearly 50 percent, in the 1990s and 2000s (Fig. 4.3), but decreased since 
then because the latest available assessments for some stocks are several years old, or 
only cover a period of time until the 2000s. For most of the 2000s, landings data were 
available for more than 800 stocks in RAMLDB, but since then the number of stocks 
with available data has decreased (Fig. 4.3).

4.4 POST-HOC ESTIMATION OF BIOLOGICAL REFERENCE POINTS
Most stock assessments report time series estimates of biomass (B) or fishing pressure 
(U), and many of these additionally estimate and report biological reference points 
BMSY and UMSY, i.e. ‘benchmarks’, for comparison. (These reference points could 
instead be proxies for BMSY and UMSY, or could be specified management targets.) These 
reference points are useful for two main reasons. First, they allow for ratios of relative 
biomass (B/BMSY) and relative fishing pressure rate (U/UMSY) to be calculated, so that 
time series of B and U can be compared to typical management targets. Second, because 
they are self-standardized, they allow for comparing ratios among stocks or among 
FAO Major Fishing Areas. Together, the ratios of B/BMSY and U/UMSY represent stock 
status, but if stock assessments do not report reference points BMSY or UMSY (or some 
other benchmark) this means they do not provide estimates of stock status.

Reference points that were not provided in stock assessments would also not be 
contained in the ‘assessment-only’ version of RAMLDB. To ‘fill in the gaps’ for stocks 
with missing reference points, we estimated reference points BMSY and UMSY separately, 
using surplus production models. These surplus production models used time series 
data from stock assessments (catch and total biomass, drawn from RAMLDB), and 
fit a simple population model to these time series to estimate BMSY and UMSY post-hoc, 
i.e. separate from the stock assessment. These post-hoc estimates of BMSY and UMSY 
are included in the ‘model-fits’ version of RAMLDB. For inferences of stock status, 

FIGURE 4.3
Summed landings across all stocks in the RAM Legacy Stock Assessment Database and 

across all species, countries, and FAO Major Fishing Areas in the FAO landings database, 
1950-2017.

Total landings for RAMLDB are available for 939 individual stocks, but only for up to 860 stocks in any given year. 
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we always preferred reference point estimates extracted from stock assessments. Only 
if these were not available did we consider ‘filling in the gaps’ with reference point 
estimates from surplus production models.

We used surplus production models fit to time series of total catch (TC) and 
total biomass (TB) from assessments to estimate these missing reference points BMSY 
(specifically, TBMSY) and UMSY (specifically, ERMSY). Annual net surplus production 
values were calculated as the sum of annual catch and the change in total biomass 
from the current year to the following year, all in tonnes. A Pella-Tomlinson surplus 
production model (Pella and Tomlinson, 1969) with a penalty function13 on the shape 
parameter, φ, was used to predict annual net surplus production, pred_SP:

  (Equation 2)

This model was fit to an extensive list of data scenarios that included different 
combinations of whether model parameters (TBMSY, ERMSY, φ) were held as fixed 
values at the values or were freely-varying, and different types of input data. If only 
one of the reference points TBMSY or ERMSY was provided in a stock assessment, that 
parameter was held fixed at the assessment estimate in order to estimate the missing 
reference point. If both reference points were missing from a stock assessment, they 
were both estimated as freely-varying parameters. 

Several different values of shape parameter φ were considered, implemented as 
fixed values, and corresponding to a Schaefer model (Hilborn and Walters, 1992) 
(φ = 2), Fox model (Fox, 1970) (φ ≈ 1), an estimate from Thorson’s (Thorson et al., 
2012) meta-analysis pooled across all stocks (φ = 1.736), estimates by taxonomic group 
from Thorson’s (Thorson et al., 2012) meta-analysis (φ ranging from 0.799 to 3.377), 
and estimates by taxonomic group estimated from an empirical analysis in which φ 
was freely-varying, with φ estimates subsequently averaged across the stocks of each 
taxonomic group. Models with all these various shape parameters were analyzed, 
and cross-validations were used to compare estimated reference point values TBMSY 
and ERMSY estimated from these surplus production models with the corresponding 
values estimated in stock assessments, for the stocks that had both estimates available. 
Statistical criterion considered in cross-validations included correlation coefficients, 
AICc values (Akaike’s Information Criterion, corrected for small sample sizes), and 
calculated mean squared error between model predictions and observed values of 
annual surplus production. These cross-validation results were used to construct 
a decision tree for selecting which φ estimate to use under different cases of data 
availability.

The preference hierarchy determined through these cross validations is outlined in 
Table 4.1. If neither TBMSY and ERMSY values were available from stock assessments, i.e. 
if both had to be estimated with surplus production model fits, these fall into the top 
block of UMSY source ‘Estimated’ and BMSY source ‘Estimated’. Under these conditions 
of data availability, cross validations showed that the pooled-Thorson value of φ = 1.736 
was preferred, followed by the Schaefer value of φ = 2, and so on. If a more-preferred 
model did not pass a series of filters outlined below, then the next-most-preferred 
model was considered, and so on. If a reference point estimate for BMSY was available 
from a stock assessment but an estimate for UMSY was not available, this aligns with 
the middle block of rows in Table 4.1, which had a different preference hierarchy for 
selecting the φ to use, again based on cross-validations. If a reference point estimate 

13 The multiplicative penalty function was based on the Subbotin distribution, due to its plateau-like shape. 
This penalty on the φ parameter restricted outlier values while avoiding bounding. Parameter values used 
in the penalty function were μ = 0, β = 10, and σ = 3.
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for UMSY was available from a stock assessment but an estimate for BMSY was not 
available, then this aligns with the bottom block of rows in Table 4.1, which likewise 
had a different preference hierarchy based on cross-validations. The full list of φ values 
that were treated as fixed values under these different selection criteria, including those 
estimated for specific taxonomic groups, are given in the documentation file ‘RAM SP 
Fit Guide.docx’14 in the release package for RAMLDB (2020a).

TABLE 4.1
Preference hierarchy of φ shape parameter values used in surplus production model fits as 
determined by cross-validation. 

UMSY source BMSY source Preference a φ value to use

Estimated Estimated 1 Thorson pooled value

Estimated Estimated 2 Schaefer value

Estimated Estimated 3 Empirical taxonomic value

Estimated Estimated 4 Thorson taxonomic value

Estimated Estimated 5 Fox value

Estimated Assessment 1 Empirical taxonomic value

Estimated Assessment 2 Thorson pooled value

Estimated Assessment 3 Fox value

Estimated Assessment 4 Thorson taxonomic value

Estimated Assessment 5 Schaefer value

Assessment Estimated 1 Fox value

Assessment Estimated 2 Empirical taxonomic value

Assessment Estimated 3 Thorson pooled value

Assessment Estimated 4 Schaefer value

Assessment Estimated 5 Thorson taxonomic value

a Three different preference rankings of φ values were determined, based on whether both TBMSY and ERMSY reference 
points were to be estimated, only ERMSY was to be estimated (while TBMSY was held fixed at its estimated value from 
the stock assessment), or only TBMSY was to be estimated (while ERMSY was held fixed at its estimated value from the 
stock assessment).

Time series of TB and TC (or if not available, then landings, TL) extracted from 
stock assessments were used as inputs for this post-hoc model fitting for estimating 
missing biological reference points TBMSY and/or ERMSY. The general protocol for 
model fitting was as follows:

1. Check assessments to ensure they have the necessary time series (TB, and either 
TC or TL in tonnes) and that the surplus production time series calculated (using 
Equation 2) from these source time series was at least five years.

2. Perform model fits across all possible cases of input data and shape parameter 
values (Table 4.1), as allowed by the availability of input data and the requirements for 
fixed values of shape parameters. For example, an assessment with only a TBMSY value 
but no ERMSY value available would have model fits performed to estimate both TBMSY 
and ERMSY simultaneously, as well as to estimate only ERMSY while holding TBMSY 
fixed at its assessment value.15

3. If the set of initial parameter values specified does not result in a converged model 
fit, use a new set of initial values. This was repeated until convergence was achieved.

14 this and other documentation files are contained in the ‘DB Documents’ sub-directory in the 
downloadable zip file, available at https://zenodo.org/record/3877545

15 Reference point values extracted from assessments are always preferred to values estimated post-hoc, but 
fitting models for all possible cases of reference point availability allows for conducting cross-validations 
between reference point values estimated post-hoc and corresponding values extracted from assessments.
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4. Filter converged model fit results through a series of pass/fail criteria. These fits 
were implemented to safeguard against poor estimates of reference points. If model 
fits failed any of the following criteria, we did not use those particular reference point 
estimates for subsequent inferences of stock status. The model fit is considered to pass 
overall only if all the following individual criteria pass:

•	 Carrying capacity, KB, was estimated from the model fit (the positive value of 
biomass where pred_SP = 0), and the range from 0 to KB was divided into four 
equal intervals. If there were 5 or fewer data points contained in the middle two 
intervals, this criterion was not evaluated and it had no influence on an overall 
pass/fail. If there were more than 5 surplus production data points contained in 
the middle two intervals, then the following two sub-criteria were considered, 
and if both of these sub-criteria failed, then an overall fail was declared. 
 Ŋ  less than 50 percent of net surplus production values were negative in these 

two middle intervals
 Ŋ  the sum of net surplus production values was positive in these two middle 

intervals
•	 Lower and upper limits were set for estimated values of reference points. 

Limits on UMSY estimates were based on the minimum and maximum values of 
UMSY extracted from stock assessments. Limits on BMSY estimates were based 
on the 2.5th and 97.5th percentiles of BMSY/BMAX values extracted from stock 
assessments, where BMAX is the maximum observed total biomass value in the 
time series: 
 Ŋ  0.005 < UMSY

 Ŋ  UMSY < 0.85
 Ŋ  0.07 BMAX < BMSY

 Ŋ  BMSY < 2.085 BMAX

•	 If TBMSY was provided in the assessment, then predicted surplus production, 
pred_SP, evaluated at the assessment estimate of TBMSY was not negative.

•	 The calculated AICc value of the biomass dynamics model fit to the time series 
of annual surplus production data points was less than AICc values of all three 
fits of linear models fit to the same data points. The three linear fits considered 
were:
 Ŋ  fixed intercept = 0 and freely-varying slope
 Ŋ  fixed slope = 0 and freely-varying intercept
 Ŋ  both intercept and slope freely-varying

In other words, if a line with one or two estimated parameters fit the 
data as well (or nearly as well, accounting for a penalty on the number of 
estimated parameters) as the surplus production model that contains between 
1-3 estimated parameters, the surplus production model fit was rejected.

5. The reference point value used for inferences of stock status was always drawn 
from assessments when available. If it was not available, and if the other parameter 
TBMSY or ERMSY was available from assessments, then model fits treating this other 
parameter as fixed were preferred. In other words, an estimate from the middle or 
bottom block of rows in Table  4.1 was preferred to an estimate from the top block 
of rows, in both reference points were estimated. If neither parameter was available 
from stock assessments, both were estimated post hoc (i.e. the top block of rows in 
Table 4.1). In all these cases of data availability, several models were fit which differed 
in the shape parameter φ. For each possible case of data availability, the preferred φ used 
for inferences of stock status was determined using cross-validations between paired 
reference point estimates from model fits and from assessments (as described above). 



Global trends in status and management of assessed stocks 32

This cross-validation procedure led to different model preference hierarchies 
under different conditions of data availability, i.e., conditions of whether one or 
both reference point had to be estimated. The following top-preferred models were 
observed for these different conditions of data availability: the Fox model (φ ≈ 1) 
was preferred for estimating TBMSY when an assessment-derived value of ERMSY was 
available and held fixed; the empirically-estimated, taxonomic φ values (φ ranging from 
0.65-2.43) were preferred for estimating ERMSY when an assessment-derived value of 
TBMSY was available and held fixed; and the pooled φ value (φ = 1.736) from Thorson’s 
meta-analysis was preferred for estimating ERMSY and TBMSY when neither assessment-
derived value was available (Table 4.1). If a model fit using a more-preferred φ value 
did not converge, or if a converged model did not pass all filtering criteria outlined in 
(4) above, then the next-most-preferred φ value was considered, and so on. If models 
for all five options for φ failed to converge or to pass all filters, then no value of φ was 
accepted, and all estimated reference point(s) were rejected for the stock assessment. 
Thus, this stock would be excluded from analyses of stock status based on reference 
points BMSY and UMSY.

6. Time series of TB were used as inputs for fitting surplus production models, but 
some assessments provided only time series of SSB instead of TB. To estimate TB time 
series from SSB, a series of regression models was constructed to predict TB from SSB 
and other covariates, using the subset of assessments in which both TB and SSB were 
available. Different models included different predictor variables as covariates. The 
variety of predictor variables included in some regression models were: ages and sexes of 
spawners, as they influence the degree to which SSB is a subset of TB; taxonomic group 
category; region, because assessment conventions are often consistent within a region; 
life-history parameters; and lag terms for relative fishing mortality in previous years. 

Candidate models were constructed with various combinations and interactions of 
these factors, and were compared on the basis of AICc values. The preferred model 
in terms of AICc scores related the log-ratio ln(TB/SSB) to the following covariates: 
sex and age of spawners, natural mortality, maximum length, growth rate, three lag 
terms of U/UMSY (in years t-1, t-2, and t-3), interactions between natural mortality 
and these lag terms, taxonomic group, and region. This preferred model was used for 
estimating TB from SSB; these estimates are only included in the ‘model-fits’ version 
of the RAMLDB. Further details of candidate models and the biomass conversion 
procedure are provided in the documentation file ‘RAM B-Conversion Guide.docx’14 
included in the release package of RAMLDB (2020a). After converting SSB to TB 
when necessary, steps 1-5 above were conducted using the converted time series of TB 
for fitting surplus production models.

4.5 STATE-SPACE MODEL ESTIMATION OF GROUP MEAN TREND
Stock assessments differ in their range of historical coverage. Some provide time series 
estimates extending to periods of early fishery development, while others are truncated 
and begin in more recent decades well after development of the fishery. Some assessments 
contained in the RAMLDB are out of date by one or a few years by the time assessments 
are published and entered into RAMLDB, while for other stocks, assessments have not 
been conducted for several years. As a result of these factors, the ranges of years covered 
by stock assessments differ, i.e. they exhibit a ‘ragged-edge structure’ across stocks. This 
poses a challenge for summarizing stocks into groups (e.g. aggregated by FAO Major 
Marine Fishing Area) to show mean trends for the group. If average values of B/BMSY or 
U/UMSY are calculated by year, then the subset of stocks with available data might differ 
from one to the next, such that changes in the calculated average from one year to the 
next could reflect not actual changes over time in the group mean, but changes in the 
subset of stocks that happened to have data available in any given year. In other words, 
group means can be sensitive to the ragged ends of available time series data across stocks.
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A state-space model was constructed to estimate mean trends across the individual 
stocks within each group while accounting for the unequal coverage of stocks across 
years. In this case, groups were FAO Major Fishing Areas or pooled ocean basin 
regions. The process model represents the geometric mean trend of B/BMSY, U/UMSY, 
or catch/(mean catch) of assessed stocks in the region. The mean trend is constrained 
to follow a random walk, and individual stocks are treated as observations around 
this mean trend. By incorporating random effect terms for each stock (assuming that 
some stocks have higher overall values of B/BMSY than others across their time series), 
all stocks contribute to the mean trend, but subsetting biases are avoided that would 
otherwise result from differences among stocks in their years of data availability. Code 
used for this analysis is available online16. Further details of the state-space model 
construction and fitting are described in Hilborn et al. (2020).

4.6 ESTIMATION OF FOREGONE YIELD AT CURRENT FISHING PRESSURE
If stocks are fished at UMSY, the maximum long-term yield (MSY) can be expected 
because this is predicted to result in stock biomass reaching BMSY on average, the most 
productive level of abundance. If long-term fishing pressure is greater than UMSY, 
equilibrium biomass is predicted to be less than BMSY and long-term yield is expected 
to be less than MSY. If long-term fishing pressure is less than UMSY, equilibrium 
biomass is predicted to be greater than BMSY and long-term yield is again expected to 
be less than MSY. Thus, a long-term sustainable yield less than MSY can result from 
either U less than UMSY or from U greater than UMSY. The predicted equilibrium yield 
for any given fishing pressure held constant over time can be predicted by assuming a 
relationship between stock abundance and productivity, i.e. using an assumed surplus 
production curve. The equilibrium yield for any stock can be predicted from its 
current U/UMSY (or historically, from the U/UMSY in any given year). This predicted 
equilibrium yield can be compared to the stock’s MSY as an indicator of how much 
potential yield is foregone by not fishing at UMSY (Hilborn, 2018). The difference 
between MSY and predicted yield under a given U/UMSY is calculated to represent the 
quantity of potential yield foregone. This can also be expressed as a proportion of MSY 
to represent the proportion of potential yield foregone.

Lost yield at current fishing pressure can be calculated from the equilibrium yield at 
current fishing pressure. We used the Pella Tomlinson model (Pella and Tomlinson, 1969): 

 (Equation 3)

where m is the maximum sustainable yield, KB is carrying capacity, φ is a shape 
parameter that determines the ratio BMSY/KB, Bt is the biomass at time t, and Ct is the 
catch at time t. The value of γ depends on φ:

 (Equation 4)

Different values of φ change the shape of surplus production curves. A value φ = 2 
defines the Schaefer model (Schaefer, 1954), a value φ ≈ 1 defines the Fox model (Fox, 
1970), and a value φ = 1.736 was estimated in a meta-analysis (Thorson et al., 2012). 
(The Pella-Tomlinson model generalizes these special cases.)

If we define the fishing pressure Ut as Ct/Bt, the fraction of potential yield lost (Yl) 
at any fishing mortality rate U* (defined as Ut/UMSY) is:

 (Equation 5)

16 Code used for analysis was written by Cóilín Minto and is held in the following Github repository: 
https://github.com/mintoc/pnas_efm_paper.
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Different values of φ also change the shape of the lost yield function. The shape of 
the lost yield function for different values of φ is shown in Fig. 4.4. These lost yield 
curves show the predicted proportions of MSY foregone (i.e., ‘lost’) by not fishing at 
UMSY. Yield can be foregone by fishing at U greater than UMSY as well as by fishing at U 
less than UMSY. For presenting results in later chapters, the ‘Thorson’ value of φ = 1.736 
was assumed for estimating foregone yield.

FIGURE 4.4
Proportion of potential equilibrium yield lost as a function of relative fishing pressure (U/UMSY) 
for three alternative surplus production relationships modelled with the Pella-Tomlinson model.

The three relationships assume different values of φ, which changes the shape of surplus production curves and 
therefore also the shape of lost yield curves. For all three relationships, maximum yield is expected at U/UMSY = 1, at 
which point there is no yield lost at equilibrium. Proportion of lost yield at equilibrium increases as U/UMSY increases 
or decreases further away from 1. The loss function is symmetric around 1 for the Schaefer model but asymmetric 
for the other models.
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5. Worldwide trends in status 
of assessed stocks from the RAM 
Legacy Stock Assessment Database 

In 2013-2017, total landings worldwide averaged 91 million tonnes (mmt) annually 
(Table 5.1.a; Fig. 4.3). Among countries, China has by far the greatest landings, alone 
accounting for 17  percent of global landings. Other major fishing nations include 
Indonesia, India, the United States of America, the Russian Federation, Peru, Japan, 
Viet Nam, Norway, Philippines, Myanmar, and Chile, each accounting for greater 
than 2 percent of the worldwide total (Table 5.1.a). Species with the greatest landings 
worldwide include Peruvian anchoveta (Engraulis ringens), walleye pollock (Gadus 
chalcogrammus), skipjack tuna (Katsuwonus pelamis), Atlantic herring (Clupea 
harengus), Pacific chub mackerel (Scomber japonicus), yellowfin tuna (Thunnus 
albacares), Atlantic cod (Gadus morhua), largehead hairtail (Trichiurus lepturus), 
Japanese anchovy (Engraulis japonicus), European pilchard (Sardina pilchardus), 
Atlantic mackerel (Scomber scombrus), and blue whiting (Micromesistius poutassou), 
each with greater than 1 mmt in landings annually. 

During this 2013-2017 period, assessed stocks in the RAM Legacy Stock Assessment 
Database (RAMLDB) have on average accounted for 34  percent of these total global 
landings contained in the FAO landings database (Fig.  4.3). However, approximately 
40 percent of the total landings contained in the FAO landings database are reported as 
aggregated taxonomic groups of varying resolution (i.e., ‘nei’, or ‘not elsewhere included’ 
groups). If we instead consider the portion of landings that are reported at the species 
level (or occasionally at the genus or family level, but not as a ‘nei’ group), this sums to 
55 mmt in the FAO landings database. Of these landings with more specific taxonomic 
resolution, approximately 56 percent of the total is accounted for by species that have had 
a recent (since 2010) stock assessment conducted which is contained in the RAMLDB.

Each assessed stock in the RAMLDB is linked to a primary country, based on 
proportions of catch by country. In terms of total landings of assessed stocks, major 
countries include Japan, Norway, the United States of America, Chile, Peru, the Russian 
Federation, and Morocco, all with greater than 1 mmt of recent landings contained in the 
RAMLDB (Table 5.1.b). The ranking of countries differs when the number of stocks, as 
defined in stock assessments, is considered instead. Some countries like Canada, France, 
the United Kingdom of Great Britain and Northern Ireland, and Italy are the primary 
countries for more than 40 assessed stocks even though the total landings summed across 
stocks within these countries are all less than 550 000 t. In other words, the many stocks 
in these countries are relatively small on average. Other countries like Peru, the Russian 
Federation, and Morocco derive large quantities of landings from a small number of larger 
stocks (typically pelagic stocks; Table 5.1.b). Some countries listed under RAMLDB in 
Table  5.1.b are the primary countries assigned to stocks even though those countries 
themselves do not publish any stock assessments currently contained in the RAMLDB. 
These countries, including Indonesia, Ecuador, Mexico, Taiwan Province of China, 
Brazil, the Islamic Republic of Iran, and the Bolivarian Republic of Venezuela , are the 
assigned primary countries for tuna or other pelagic stocks that are instead managed and 
assessed at the level of tRFMOs (tuna Regional Fisheries Management Organization)11. 
Other stocks are assessed regionally rather than by the specific countries listed; these 
include European countries in ICES (International Council for the Exploration of the 
Sea) waters, Mediterranean countries, and West African countries.
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TABLE 5.1
Summary of data included in analysis of stock status and management of assessed stocks. Data 
are summed across all FAO Major Fishing Areas, and separated by country or by tRFMO.

a) Summed landings by country from FAO landings database. a

Country b Summed catch (t) c

Total FAO landings (average 2013-2017) 91 292 167

China 15 809 087 

Indonesia  6 523 854 

India 5 344 722 

United States of America 5 016 753 

Russian Federation 4 541 605 

Peru 4 479 900 

Japan 3 416 837 

Viet Nam 2 917 985 

Norway 2 215 442 

Philippines 2 101 782 

Myanmar 2 016 562 

Chile 1 829 973 

Bangladesh 1 648 265 

Thailand 1 603 720 

Mexico 1 548 326 

Republic of Korea 1 546 845 

Malaysia 1 501 061 

Morocco 1 361 646 

Iceland 1 198 637 

Spain 978 444 

Taiwan Province of China 896 448 

Canada 858 424 

Argentina 821 255 

Denmark 771 508 

Nigeria 768 538 

Brazil 728 297 

United Kingdom of Great Britain and Northern Ireland 704 858 

Iran (Islamic Republic of) 657 910 

Ecuador 643 614 

Cambodia 630 477 

Faroe Islands 577 175 

South Africa 544 135 

Mauritania 515 939 

Sri Lanka 508 919 

Senegal 505 454 

Pakistan 496 286 

Namibia 491 390 

France 489 793 

Angola 480 685 

New Zealand 433 907 

a FAO world production database for capture fisheries, excluding mammals, reptiles, amphibians, sponges, corals, 
algae, and miscellaneous animal products such as shells and pearls.

b List of countries: the top 40 countries in terms of their recent total landings in the FAO landings database (average 
of years 2013‑2017) are listed.

c Boldfaced totals of landings are shown; individual countries are subsets of these totals. The mean landings by species 
or species group for the 5 most recent years available (2013‑2017) are summed over all species and species groups.
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b) Summed landings by country and number of individual stocks from RAM Legacy Stock 
Assessment Database.

Country a Summed catch (t) b Number of stocks c

RAMLDB total 31 105 702 810 (548)

Japan  5 366 702 93 (51)

Norway  4 132 737 24 (14)

United States of America  3 635 640 145 (133)

Chile  3 116 304 25 (25)

Peru  2 540 000 1 (1)

Russian Federation  2 124 870 9 (5)

Morocco  1 241 000 4 (3)

Spain  941 644 47 (32)

Iceland  861 126 15 (11)

Denmark  774 343 26 (11)

Indonesia  592 490 4 (4)

Canada  542 625 118 (57)

Senegal  540 000 1 (1)

Mauritania  534 000 3 (0)

South Africa  526 369 15 (14)

Argentina  488 240 8 (8)

Ecuador  338 000 1 (0)

Poland  332 440 4 (2)

Netherlands  285 503 9 (4)

France  276 349 51 (19)

Mexico  252 000 1 (0)

Sweden  249 300 2 (2)

New Zealand  231 466 36 (37)

United Kingdom of Great Britain and Northern Ireland  189 499 43 (23)

Turkey  183 492 7 (7)

Italy  164 602 41 (36)

Taiwan Province of China  132 634 5 (5)

Finland  104 232 2 (1)

Portugal  81 865 22 (8)

Faroe Islands  62 727 6 (3)

Ukraine  58 400 1 (1)

Greenland  51 240 3 (2)

Ireland  47 669 11 (8)

Estonia  28 276 2 (1)

Gambia  23 400 1 (0)

Brazil  18 600 1 (1)

Iran (Islamic Republic of)  17 700 1 (1)

Australia  12 263 15 (11)

Ghana  2 770 1 (0)

Belgium  2 561 5 (3)

Venezuela (Bolivarian Republic of)  625 1 (0)

a Primary countries of stocks are listed. Some countries may not be listed as a result of majority‑based filtering: each 
stock in RAMLDB is assigned to a single primary country based on the proportion of the stock’s catch‑by‑country, so 
if fished by multiple countries, all countries other than the primary country would not appear in the list.

b Boldfaced total landings is shown; individual countries are subsets of these totals. The most recent year of available 
catch data for each stock in RAMLDB is extracted, and summed over all stocks.

c Boldfaced total number of stocks is shown; individual countries are subsets of these totals. The first count 
represents the number of stocks in RAMLDB with available catch tonnage data since 2010, and the second count (in 
parentheses) represents the number of stocks with B/BMSY and/or U/UMSY estimates available since 2010. 
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TABLE 5.1 (continued)
c) Coverage by country of Fisheries Management Index (FMI) surveys. Values listed are the 
number of FMI surveys conducted, the number of stocks covered by those surveys, and the 
summed landings of those stocks from the FAO landings database.

Country or tRFMO a Summed catch (t) b Number of stocks c Number of FMI surveys d

FMI total by country 61 315 081 1 121 665

China  13 300 963 42 18

United States of America  4 410 740 60 39

Peru  4 351 433 21 13

Indonesia  3 922 742 46 23

Russian Federation  3 725 131 35 12

Japan  2 884 920 36 9

Viet Nam  2 539 434 12 11

India  2 233 360 39 25

Norway  2 170 898 25 10

Chile  1 767 179 26 25

Philippines  1 705 912 33 9

Morocco  1 243 215 21 8

Mexico  1 233 203 61 59

Iceland  1 162 283 19 6

Myanmar  1 150 928 4 6

Republic of Korea  961 414 28 11

Malaysia  872 683 31 14

Argentina  760 096 27 8

Thailand  751 075 13 3

Canada  726 671 35 18

Denmark  713 254 11 8

United Kingdom of Great Britain and 
Northern Ireland

 632 247 24 7

Bangladesh  609 645 8 6

South Africa  527 945 28 14

Faroe Islands  520 759 6 4

Namibia  479 331 10 7

Taiwan Province of China  458 917 19 12

Brazil  394 079 39 17

Mauritania  354 910 4 3

New Zealand  340 044 26 7

Nigeria  324 393 24 9

Netherlands  318 379 9 8

Angola  301 667 4 1

Spain  297 876 31 10

Senegal  288 491 12 7

Sri Lanka  268 590 5 3

France  258 915 30 11

Papua New Guinea  253 359 8 5

Turkey  237 246 4 3

Sweden  192 489 18 5

Iran (Islamic Rep. of)  188 127 5 2

Mozambique  180 666 10 6

Ireland  146 586 4 4

Finland  131 187 1 2

China, Hong Kong SAR  105 860 2 3

Seychelles  100 191 11 8

Guinea  91 048 8 3

Australia  89 700 25 16

Venezuela (Bolivarian Republic of)  84 899 1 3

Germany  76 982 2 6

Solomon Islands  62 244 9 5

Madagascar  56 016 1 1

Tunisia  53 524 7 3

Ghana  52 601 3 3
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Country or tRFMO a Summed catch (t) b Number of stocks c Number of FMI surveys d

Belize  46 042 9 7

Algeria  36 225 1 2

Uruguay  34 778 2 2

United Republic of Tanzania, Zanzibar  31 895 9 8

Estonia  26 498 1 1

Cuba  19 315 12 6

Gabon  15 700 9 6

Jamaica  13 274 3 6

Bahamas  11 756 10 7

Kenya  8 742 9 12

Barbados  1 827 8 5

Puerto Rico  1 769 20 7

Palau  814 5 4

FMI total by tRFMO 5 475 578 41 53

WCPFC 2 448 373 10 15

IOTC 1 447 246 10 9

IATTC 969 944 10 9

ICCAT 496 589 10 9

CCSBT 113 426 1 11

a List of countries or tRFMOs: all countries or tRFMOs with FMI surveys conducted for at least one stock in at least 
one survey are listed. For large ocean basin regions (for tunas and other highly‑migratory species), countries are not 
listed because surveys were conducted at the tRFMO level instead of at the unique country + species level. Instead, 
counts or sums by tRFMO are listed.

b Boldfaced totals of landings are shown; individual countries or tRFMOs are subsets of these totals. Summed catches 
represent the quantity of FAO landings that is covered by one or more FMI surveys for ‘FMI stocks’. Similar to 
Table 5.1.a, this is also a sum across stocks of mean landings for years 2013‑2017.

c Boldfaced totals of the number of stocks are shown; individual countries or tRFMOs are subsets of these totals. 
Counts represent the number of ‘FMI stocks’ covered by one or more surveys. For countries, ‘FMI stocks’ are typically 
intersections of unique country + species + FAO area entities from the FAO landings database. For tRFMOs, ‘FMI 
stocks’ are biological stocks as defined in stock assessments.

d Boldfaced totals of the number of FMI surveys are shown; individual countries or tRFMOs are subsets of this total. 
Represents the number of FMI surveys that were returned by fisheries experts. Individual survey files typically 
contain between 1‑10 individual stocks from the country or tRFMO.

5.1 BASIC STATISTICS

•	 Stock counts in the RAMLDB worldwide are:
 Ŋ  810 stocks with recent catch tonnage time series
 Ŋ  518 stocks with recent available estimates of total biomass
 Ŋ  548 stocks with recent available estimates of relative biomass (B/BMSY) 

and/or relative fishing pressure (U/UMSY)
 Ŋ  467 stocks with estimates of MSY

•	 MSY for the 467 stocks with available estimates sums to 43.2 mmt, which is 
67  percent greater than the sum of recent catch (25.8 mmt) across the same 
467 assessed stocks.

•	 Recent total biomass for the 518 stocks with available estimates sums to 
202.4  million tonnes. When compared to recent catch (29.5 mmt) summed 
across the same 518 assessed stocks, this represents an overall worldwide 
annual exploitation rate of 15 percent on assessed stocks. 

•	 Recent catch summed across the 810 stocks constitutes 34 percent of total FAO 
landings worldwide (or constitutes 56 percent of worldwide landings if FAO 
landings of ‘nei’ groups are excluded).

•	 Fisheries Management Index (FMI) surveys were conducted for 1121 stocks 
at the level of unique country + species + FAO Major Fishing Area entities 
(accounting for 61.3 mmt of landings) and for 41 stocks at the level of tRFMOs11 
(accounting for 5.5 mmt of landings), together constituting 73 percent of total 
FAO landings worldwide.
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The basic statistics given here at the worldwide level, and later given at the regional 
level in Chapter 6, provide the sample sizes of assessed stocks and are therefore 
important for interpreting the results presented in the following section, ‘Status and 
trends’. In this chapter, with results for assessed stocks aggregated across all regions, 
sample sizes are large, but in some of the individual regions in Chapter 6, sample sizes 
are modest and therefore the results presented should be interpreted with caution.

The first bullet point above provides counts of stocks in the RAMLDB. While there 
are greater than 1300 individual stocks and more than 2200 unique stock assessments 
contained in the RAMLDB, many of these are Pacific salmon stocks with primarily 
escapement data available, without catch or landings data available for individual 
stocks. There are 810 individual stocks with catch or landings tonnage time series data 
since 2010 (Table 5.1.b), in addition to a few others that have catch or landings data 
available only in numbers of individuals. These stocks form the available pool of stocks 
for analysis, but not all these stocks are present in all the analyses shown because of 
missing biomass and/or fishing pressure time series and reference points. There are 
548 stocks with a recent estimate of B/BMSY and/or U/UMSY (Table 5.1.b), which are the 
subset of stocks on which most of the figures presented below are based.

The second main bullet point compares the sum of MSY to the sum of recent 
annual catch for the same subset of stocks. Across all regions, 467 stocks had both 
quantities available. The sum of recent catches is only 60 percent of the summed MSY 
for the same assessed stocks. Building on this simple ratio, one of the analyses reported 
below (Fig. 5.1.g) will estimate the fraction of foregone yield (the difference between 
potential yield and predicted equilibrium yield from fishing at current U/UMSY) due to 
overfishing (U greater than UMSY) and the fraction due to fishing at U less than UMSY.

The third bullet point compares the sum of recent annual catch to the sum of 
estimated total biomass across the same subset of stocks. Across all regions, 518 stocks 
had both quantities available (if stock assessments provided only estimates of SSB, 
a regression was used to predict the corresponding TB for calculating this ratio; 
see Chapter  4). The ratio between these quantities of total catch to total biomass is 
an overall, biomass-weighted average annual exploitation rate of 15  percent across 
assessed stocks. 

The fourth bullet point compares the sum of recent landings available across 
stocks contained in the RAMLDB to the sum of FAO landings across all species 
(Table  5.1.a,b; Fig.  4.3). The ratio between these, here 34  percent across all regions, 
provides an indicator of coverage of the RAMLDB in terms of total landings. This 
indicator should be interpreted with caution because the numerator (RAMLDB catch) 
and denominator (FAO landings) differ in two ways: (1) the years considered for 
average FAO landings are 2013-2017 period, whereas for the RAMLDB, the most 
recent year of available catch data is assumed (this most recent year varies by stock, and 
is restricted to years 2010 or later). (2) The catch quantities are both in units of tonnes, 
but the values contained in the FAO database are commercial landings, whereas the 
catch time series in the RAMLDB include recreational catches and discards if these are 
available. This second factor implies that the estimate of 34 percent coverage of FAO 
landings by stocks in RAM, is likely a slight overestimate. Comparing country-specific 
values (rather than the worldwide or regional totals) between the FAO database and 
the RAMLDB should be interpreted with even greater caution because, as mentioned 
above, each stock in the RAMLDB is assigned a primary country based on catch 
proportions by country. Thus in Table  5.1.b and similar regional tables in Chapter 
6, these assignments of stock catches entirely to the primary country can result in 
the unrealistic case of country totals being greater in the RAMLDB than in the FAO 
landings database, such as for Japan and Norway (Table 5.1.a,b). These countries were 
often assigned as the primary country for stocks in the RAMLDB even though they 
accounted for less than 100  percent of the catch of those stocks. The disaggregated 
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country totals are only provided in these tables for coarse evaluation. In contrast, the 
results in figures presented below are at the stock level rather than at the country level.

The fifth bullet point above compares the sum of landings of ‘FAO stocks’ for 
which Fisheries Management Index (FMI) surveys were conducted to the sum of 
landings across all ‘FAO stocks’. Here, FAO stocks are combinations of country, 
species, and FAO Major Fishing Area entities from the FAO landings database. 
Because ‘FAO stocks’ were most often used as observational units in FMI surveys, 
they are easily comparable to entities from the FAO landings database. One exception 
is for FMI surveys that were collected at the level of stock assessments for tuna and 
other pelagic species assessed by tRFMOs (Pons et al., 2017). In Table 5.1.c, the total 
landings for country-based FMI surveys and tRFMO-based FMI surveys are listed 
separately. Adding these totals associated with FMI surveys and comparing this total 
to the total landings in the FAO landings database provides an index of coverage of 
FMI surveys. Worldwide, the overall coverage implies that 73 percent of total global 
landings are covered by at least one FMI survey response. This index of coverage can 
also be calculated for individual countries (Table  5.1.c); the caveats of biases from 
primary country assignments do not apply in this case like they did for the fourth 
bulleted point.

5.2 STATUS AND TRENDS
Worldwide mean trends of assessed stocks since 1970 are characterized by two phases: 
a period of biomass declines as a result of increasing fishing pressure and catch 
between the 1970s to early-1990s, followed by a decrease in fishing pressure and catch 
since the late 1990s, which have in turn led to biomass increases over the last decade 
(Fig.  5.1.a,b,c). Changes in these variables over time are more informative when the 
variables are presented as relative indices compared to the benchmark levels of BMSY, 
UMSY, and mean catch (MSY estimates are not available for some stocks, so mean catch 
is assumed instead as a benchmark for comparison). When ratios of B/BMSY or U/UMSY 
are greater than 1, that suggests that biomass or fishing pressure is greater than their 
respective benchmark levels which are typically considered as management targets 
(Box 1). These reference levels of 1 are shown as horizontal lines in Fig. 5.1.a,b,c. Since 
1970, B/BMSY declined from nearly 2 on average towards the more productive level of 
B/BMSY = 1, reaching this level in the mid-1990s (Fig. 5.1.a). From the mid-1990s to 
the late 2000s, mean B/BMSY across assessed stocks remained close to 1, and since 2010 
it has increased, with B/BMSY now 1.2 on average. Coincident with these changes in 
biomass, U/UMSY increased from less than 0.5 in 1970 towards the more productive 
fishing pressure of U/UMSY = 1 (Fig.  5.1.b). It reached this level on average across 
assessed stocks in the late 1980s, and continued to increase. Between the late 1980s and 
early 2000s, U/UMSY remained between 1-1.2. A consistent gradual decline in U/UMSY 
began in the late 1990s and continues today. Currently, mean U/UMSY across assessed 
stocks is 0.7 (Fig. 5.1.b). Relative catch (relative to the mean for each stock across its 
time series) has followed a similar pattern to fishing pressure. Mean catches of assessed 
stocks increased from 1970 to the late 1980s, remained at their peak for a decade, and 
have declined gradually since the late 1990s (Fig. 5.1.c). On average, catches of assessed 
stocks are currently about 70 percent of their mean values throughout the time series.

The results shown in Fig. 5.1.a,b,c involve a combination of basic summary statistics 
across stocks and results of detailed analyses. The annual boxplots in these figures show 
the distribution of values across stocks in each year: circles show annual medians, the 
box ends show 25th and 75th percentiles of the distribution, and whiskers show the 
minimum and maximum of the distribution of values across stocks. However, estimates 
of B/BMSY, U/UMSY, and catch are not available for all stocks in all years. Therefore, the 
annual distributions represented by boxplots are sensitive to the subset of stocks that 
have estimates available in any given year. In some years, especially in the middle of 
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this range of years, there is nearly complete coverage (with nearly all assessed stocks 
represented). This is represented by the darker shades of boxplots (see legend above 
figure caption). In earlier years and in later years, fewer stocks are included in the 
calculated summary statistics; in earlier years, some assessments do not extend back 
to 1970, and in later years, some stock assessments have not been conducted for a few 
years or these assessments have not yet been entered into the RAMLDB. This reduced 
coverage is represented by the lighter shades of boxplots in earlier and later years. To 
reduce the potential biases in the mean trends of B/BMSY, U/UMSY, and catch/(mean 
catch) which could result from having a different subset or number of stocks represented 
in different years, a state-space model was constructed to represent the mean trend over 
time across stocks while accounting for these possible subsetting biases among years 
(see Chapter 4 for details on the methodology used). The orange line shows the mean 
trend across all assessed stocks as estimated under this state-space model.

There are three reasons why the geometric mean trends (orange line) differ from 
the annual medians (red circles) in Fig.  5.1.a,b,c. First, means (whether geometric 
or arithmetic) are more sensitive than medians to values in the tails of distributions. 
Compared to medians, geometric means are therefore ‘pulled away’ by values in the 
tails of distributions, and may become further pulled away as those distributions 
become increasingly skewed. Second, the medians are calculated year by year, whereas 
the mean trend is model-estimated, so tends to change more slowly from one year to 
the next. Third, the medians directly depend on which stocks have available data in any 
given year, so they are more sensitive to incomplete coverage of stocks in some years, 
especially the most recent years that typically have reduced coverage. This can result 
in subsetting biases, whereas the mean trend estimates from state-space model outputs 
are not as sensitive to unequal coverage. As a result of these three factors, divergence 
between geometric mean trends and medians can be seen in the last few years of the 
time series for B/BMSY (Fig.  5.1.a) and for U/UMSY (Fig.  5.1.b). Differences are even 
more apparent in Chapter 6 when similar trends are presented for individual regions, 
as disaggregated sample sizes are smaller so subsetting biases are stronger in some years 
for some regions. We suggest that the reader consider the state-space model predictions 
of B/BMSY, U/UMSY, and catch/(mean catch) to be the best representations of average 
trends across stocks. 
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FIGURE 5.1.a‑c
Worldwide trends in (a) relative biomass (B/BMSY), (b) relative fishing pressure (U/UMSY), and 
(c) catch/mean catch predicted from a state-space model. 

The model treats the worldwide mean trend as the process and individual assessed stocks as observations. Boxplots 
show distributions of estimates of individual stocks in each year: extent of boxes show 25th and 75th percentiles, 
whiskers show lower and upper end of the range, and red points show medians of status estimates of individual 
stocks in each year. These distributions are sensitive to which stocks have available status estimates from stock 
assessments or from post-hoc surplus production fits in any given year. Shading of boxplots show the level of 
coverage, i.e. the fraction of stocks in the region that have status estimates available in a given year. The process 
model follows a random walk with a first‑order autoregression term, and represents the geometric mean status 
of stocks across all regions, accounting for incomplete coverage of some stocks in some years. Stocks are weighted 
equally. Confidence bands around the mean trend show the component of uncertainty associated with incomplete 
coverage of individual stocks (such that in years of 100  percent coverage, no uncertainty is represented). The 
secondary vertical axis in (c) is a re‑scaling of the primary vertical axis to show the summed catch across all stocks; 
the sum of stock‑specific mean catches across individual time series aligns with 1 on the primary axis
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When considering stock status, ratios of B/BMSY and U/UMSY are often presented and 
discussed together. Higher fishing pressure mean a greater proportion of the biomass is 
removed from the stock, which then leads to lower stock biomass. Therefore, B/BMSY 
and U/UMSY tend to be negatively correlated whether we are considering trends over 
time (Fig. 5.1.a,b) or a snapshot in time (Fig. 5.1.d). The most recent available estimates 
of B/BMSY and U/UMSY are shown together in the ‘Kobe plot’ of Fig. 5.1.d. For each 
stock, B/BMSY and U/UMSY are constrained to be from the same year, but this most recent 
year (with both estimates available) differs across stocks. In this plot, the vertical and 
horizontal reference lines at 1 are similar to the horizontal reference lines in Fig. 5.1.a,b, 
showing the most productive long-term levels of biomass and fishing pressure. Within 
each of these quadrants, there is certainly a wide range of stock status levels, for both 
large and small stocks (stock size is proportional to circle area). There are also other 
possible stock status categories that could be defined in such a plot, with alternative 
thresholds instead. Stocks near the intersection of reference lines at 1 are generally 
considered to be near their most productive levels and not of great conservation concern 
even if they happen to have U slightly greater than UMSY or B slightly less than BMSY. For 
this reason, the thresholds assumed to consider a stock as overfished are generally not 
right at BMSY, but somewhat lower, for example 0.8 BMSY (the threshold used by FAO), 
or 0.5 BMSY (the threshold used by the United States of America). The further away that 
stocks are from this bivariate optimal level of B = BMSY and U = UMSY, whether above 
or below these reference levels, the less their expected long-term yield compared to the 
potential yield of MSY will be.

Stocks with both reference points BMSY and UMSY drawn from assessments are 
shown in red (Fig. 5.1.d). For stocks that had only one or neither of these reference 
points available in assessments, we estimated the missing one or two reference points 
post-hoc by fitting biomass dynamics models to catch and biomass time series from 
assessments (see Chapter 4 for methodology used). The current status for these 
stocks is shown in blue (Fig. 5.1.d; generally, we consider the estimates drawn from 
stock assessments to be a more accurate portrayal of actual stock status). The area of 
the symbols plotted is proportional to MSY (or to mean catch, if MSY estimates are 
unavailable), so larger stocks are shown with larger symbols. We see that many assessed 
stocks worldwide are near optimal levels (generally in the range of 0.8-1.2 BMSY and 
0.8-1.2 UMSY), but many other stocks are far from these most productive levels. Some 
stocks are lightly exploited and have high relative biomass in the lower right quadrant. 
Some are transitioning through the upper right quadrant. Several stocks are of great 
conservation concern, with very high fishing pressure (U greater than 1.5 UMSY) even 
though biomass has already been depleted to less than BMSY (upper left quadrant). 
Several other stocks are in the lower left quadrant, expected to recover from previous 
overfishing. Across these assessed stocks, we show average values of their most recent 
status estimates available. We observe similar values irrespective of whether the average 
tendency in Fig.  5.1.d is represented by the bivariate median (‘x’) or the bivariate 
geometric mean (‘+’); both are in the range of 0.9-1.1 BMSY and 0.6-0.7 UMSY.

While a ‘Kobe plot’ is most often used to show a snapshot in time (Fig. 5.1.d), it can 
also be used to show bivariate trends over time. Mean bivariate trends in B/BMSY and 
U/UMSY across all stocks are shown in Fig. 5.1.e. These are drawn from the state-space 
model predictions of geometric mean trends presented in Fig.  5.1.a,b separately 
for B/BMSY and U/UMSY. Shown together, the negative correlation between fishing 
pressure and biomass is more apparent. Since before 1970, biomass gradually declined 
as fishing pressure gradually increased throughout the first half of the time series. 
Following this, fishing pressure decreased on average across stocks from greater than 
UMSY to less than UMSY. Average biomass did not respond immediately; it remained 
at a similar level for about 10 years as fishing pressure was reduced, but once fishing 
pressure was reduced further to below approximately 0.9 UMSY, then average biomass 
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began to increase. This increase has continued to the present as average fishing 
pressure has continued to decline. The value in 2017 in Fig. 5.1.e is slightly different 
from the value represented by the ‘+’ in Fig. 5.1.d, partly because the most recent year 
for each stock is not necessarily 2017, and partly because Fig. 5.1.e shows the results of 
the state-space model predictions whereas Fig. 5.1.d shows simple summary statistics 
across data points. However, these provide a similar conclusion: on average across 
assessed stocks worldwide, biomass is slightly greater than BMSY, and fishing pressure 
is lower than UMSY (about 60-70 percent of UMSY).

FIGURE 5.1.d
‘Kobe plot’ of the most recent status estimate available (joint estimates of relative biomass, 

B/BMSY, and relative fishing pressure, U/UMSY) for individual assessed stocks.

The year of most recent data availability varies by stock, and only years since 2010 are shown. The area of circles is 
proportional to stock‑specific MSY estimates; if MSY estimates are not available for a stock, then mean catch over 
the time series is used instead. Red circles represent status estimates extracted from stock assessments, while blue 
circles represent status estimates for which BMSY and/or UMSY reference points were estimated post-hoc using surplus 
production models fit to time series of catch and abundance data. Only the best available estimate for each stock is 
shown, either from a stock assessment if available, or otherwise from a post-hoc surplus production fit. The ‘+’ and 
‘x’ symbols overlaid show the bivariate geometric mean and bivariate median values, respectively, across all stocks.
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Global landings as reported to FAO increased over several decades, from nearly 
20 mmt annually in 1950 to about 80 mmt annually in the early 1990s (Fig. 5.1.f). Since 
then, they have declined slightly but have remained generally stable. Only a portion 
of these landings are accounted for by stocks that are assessed and contained in the 
RAMLDB. In the years of greatest coverage, around the 1990s and 2000, total annual 
landings of stocks in the RAMLDB accounted for approximately half the FAO global 
annual landings (Fig. 5.1.f). Coverage in the last decade has declined relative to FAO 
global landings for a variety of reasons: for some stocks, assessments for some stocks 
are outdated; for other stocks, the latest assessment is not yet incorporated in the 
RAMLDB; for other stocks, there is a lag between the latest year of data contained 
in the assessment and when the assessment is published; and finally, average catch of 
assessed stocks has declined continuously throughout this time (Fig 5.1.c), further 
contributing to the divergence between assessed and unassessed stocks (Fig.  5.1.f). 
The 10 individual stocks with greatest mean catch in the RAMLDB across their time 
series are all pelagic fish stocks, including two stocks of Peruvian anchoveta, Chilean 
jack mackerel, two stocks of walleye pollock in the North Pacific, Japanese sardine, 
and Northeast Atlantic stocks of blue whiting, Atlantic herring, Atlantic mackerel, 
and capelin (Fig.  5.1.f). Between 1960-2010, fluctuations in annual landings of the 
anchoveta stock in North-Central Peru have accounted for much of the fluctuations in 
summed annual landings across all stocks in the RAMLDB.

FIGURE 5.1.e
‘Kobe plot’ of mean trend of relative biomass (B/BMSY) and relative fishing pressure (U/UMSY) 

from state-space model predictions across all stocks in all regions.

The colour of the bivariate mean trend changes from earlier (blue) to later (red) years. Error bars shown for the 
final year estimate represent 95  percent confidence limits for the component of uncertainty associated with 
incomplete coverage of individual stocks (like those shown in Fig. 5.1 panels a and b).
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Across all assessed stocks worldwide, the predicted equilibrium yield obtained by 
fishing at each stock’s current estimated U/UMSY has been a large proportion (about 
70 percent) of its MSY (Fig. 5.1.g). This is represented by the middle ‘just right’ portion 
(in green) of these stacked time series. The lower portion, ‘fish less’ (in red) represents 
the fraction of MSY that has been foregone by fishing stocks at a U greater than UMSY. 
On average across assessed stocks worldwide, this fraction was about 5  percent in 
1950, increased between the mid-1950s and the late 1990s to about 25 percent, and 
has declined since the early 2000s to its current value of about 5 percent (Fig. 5.1.g). 
The top portion, ‘fish more’ (in blue) represents the fraction of MSY that has been 
foregone by fishing stocks at U less than UMSY. On average across assessed stocks 
worldwide, this fraction was near 50 percent as fisheries were developing around 1950, 
and was reduced to about 20 percent within two decades. For the last 40 years, this 
foregone yield has ranged from about 15-30 percent in most years, and is currently 
about 20 percent (Fig. 5.1.g). This means that across assessed stocks worldwide, we 
are currently foregoing more potential catch as a result of ‘underfishing’ (20 percent) 
compared to the foregone catch from overfishing (5  percent). This contrasts with 
the earlier period from the late 1980s to late 2000s, when the fraction of foregone 
potential catch from overfishing was greater than the fraction from ‘underfishing’. If 
the current exploitation rates of assessed stocks were held constant, the equilibrium 
yield is predicted to be about 75 percent of the summed MSY over assessed stocks.

FIGURE 5.1.f
Trends in summed catches across all regions.

Landed tonnage from the FAO world production database for capture fisheries is summed over fish and fished 
invertebrate species, excluding mammals, reptiles, amphibians, sponges, corals, algae, and miscellaneous animal 
products such as shells and pearls. Summed catch weights of stocks present in the RAMLDB are shown, favoring 
total catch over landings if both are available. The 10 individual stocks with the greatest mean catches are shown 
as stacked series; these are subsets of the RAMLDB summed catches.
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FAO considers stocks to be ‘maximally sustainably fished’ if the estimated B/BMSY 
is between 0.8-1.2 (FAO, 2018). Across all assessed stocks, the proportions of stocks 
within this range, below this range (B/BMSY is less than 0.8, i.e. ‘low biomass’), or 
above this range (B/BMSY is greater than 1.2, i.e. ‘high biomass’) have changed over time 
(Fig. 5.1.h). In the 1950s, about 5-10 percent of assessed stocks had low biomass, about 
5 percent of stocks were in the maximally sustainably fished range, and the remainder 
had high biomass. The proportion of assessed stocks in the low biomass category 
increased gradually over time until it was about 40 percent in 2000. The proportion 
of stocks in the maximally sustainably fished range also increased over time, and was 
about 20 percent in 2000, while the proportion of stocks in the high biomass category 
decreased over this period until it was about 40 percent in 2000. These proportions 
remained generally constant for the following decade. Since the late 2000s, these trends 
have begun to reverse, with the proportion of stocks in the low biomass category 
decreasing and the proportion of stocks in the high biomass category increasing. The 
lighter shades in the most recent years in Fig. 5.1.h reflect the reduction in coverage 

FIGURE 5.1.g
‘Goldilocks’ plots of stocks across all regions, showing the proportion of potential yield that 

would be obtained at equilibrium under the observed fishing mortality rate.

 Fishing mortality rate in that year (green), the proportion of potential yield lost by fishing harder than U/UMSY 
(relative fishing pressure, red) and the proportion of potential yield lost by fishing at rates less than U/UMSY (blue). 
See Hilborn (2018) for further details of calculations. Large blue areas suggest the potential to increase yield by 
fully exploiting underexploited stocks, and large red areas indicate the potential to increase yield by reducing 
overfishing. 
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(fewer stocks have available estimates of B/BMSY in the most recent years as some 
assessments in the RAMLDB fall out of date). The last few years as well as the first two 
decades shown in this figure are thus interpreted with caution, as they have a smaller 
available sample size, and changes over time during periods of low coverage could 
result from subsetting biases. 

In Fig. 5.1.h, stocks are weighted equally. In terms of food provision, however, large 
stocks are generally considered more important than small stocks. Fig. 5.1.i is similar, 
but stocks are instead weighted by their MSY estimates (if MSY estimates are not 
available for a stock, the mean catch over its time series is used instead as a weighting 
term). Calculating MSY-weighted proportions of stocks in biomass categories is 
equivalent to summing the MSY of stocks within each biomass category and then 
calculating proportions of the overall total MSY in each category. Trends over time 
differ when MSY-weighted proportions are considered instead. By the 1970s, the 
proportion of summed MSY in the low biomass category was already greater than 
50 percent, suggesting that fisheries for the larger stocks were generally depleted earlier 
as they developed earlier (Sethi et al., 2010). The proportion of MSY in the low biomass 
category has generally ranged between 30-45 percent since the 1980s (Fig. 5.1.i; here 
we ignore the observed change in the last couple years of the time series, as this change 
is likely sensitive to relatively low coverage). Throughout this time the proportion 
of MSY in the high biomass category has generally ranged between 35-45  percent, 
while the proportion of summed MSY in the maximally sustainably fished category 
has generally ranged between 15-25 percent since the 1980s. Shifts over time among 
the three biomass categories are more common for the MSY-weighted proportions 
of stocks (Fig. 5.1.i) than for the equally-weighted proportions (Fig. 5.1.h) because as 
very large stocks cross biomass thresholds of 0.8 or 1.2 from one year to the next, the 
MSY-weighted assignments are disproportionately affected.

Summarized results presented in this section for numbers of stocks (Fig. 5.1.h) and 
for summed MSY or summed equilibrium yield (Figs. 5.1.g,i) have large sample sizes 
in most years, with somewhat limited coverage in the last few years. However, when 
these results are presented in the next chapter disaggregated by region, they will be 
based on fewer stocks and smaller sums of MSY or equilibrium yield, leading to greater 
variability across the time series. We recommend that the reader follows the general 
trends shown in these figures rather than focus on the values shown for specific years 
(including the last year), as these estimates will in some regions become sensitive to 
limited sample sizes. 



Global trends in status and management of assessed stocks 50

FIGURE 5.1.h‑i
Assignment of individual stocks in the RAM Legacy Stock Assessment Database to three FAO 

status categories.

Categories are based on their most recent available estimates of relative biomass (B/BMSY): less than 0.8 (red); 
between 0.8‑1.2 (yellow); or greater than 1.2 (green). In (h), stocks are weighted equally, so this represents the 
fraction of stocks in each category, summing to 100 percent. In (i), stocks are weighted by MSY (or if estimates of 
MSY are unavailable, by mean catch); this is equivalent to assigning fractions of the summed MSY across stocks to 
status categories, also summing to 100 percent. Shading for coverage represents the proportion of stocks (h) or 
summed MSY (i) that have available estimates of B/BMSY in any given year; coverage is often low in early years and 
the most recent few years due to time series durations presented in stock assessments.
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5.3 POLICY AND MANAGEMENT IMPLICATIONS
The status of fish and invertebrate stocks is affected by many factors including a 
variety of environmental influences, but a key factor affecting stock status is fisheries 
management. Management systems comprise a wide range of attributes including 
conducting surveys and assessments, designing strategies to limit fishing pressure, 
setting and enforcing fishing regulations, and allocating access to catching fish among 
sectors and harvesters. Objectives of fisheries management are diverse, often including 
ecological, economic, and social considerations. A central objective in almost all fisheries 
management systems is to maintain targeted species near their most productive levels.

When considering relationships between fisheries management practices and stock 
status, fishing mortality can be viewed from two different perspectives. First, stock 
status can be considered as biomass relative to a reference point, and fishing mortality 
can be considered the driver of biomass. Fishing mortality is viewed as a proxy 
for fisheries management, and changes over time are assumed to reflect changes in 
management. Earlier discussion around Figs. 5.1.a-e assumed this viewpoint. A second 
perspective considers stock status to be the joint pairing of biomass and fishing 
mortality relative to their own respective reference points, with specific attributes of 
fisheries management systems being the drivers of this joint pairing. In this perspective 
fishing mortality is viewed more as an outcome than as an independent driver. In 
reality, these variables all affect and respond to one another, but in this section, we take 
the second perspective, treating fishing mortality (U/UMSY) as a response.

We consider the relationships between the Fisheries Management Index (FMI17; 
see Chapter 4) and two measures of stock status or fishing pressure for corresponding 
stocks. First, we consider the qualitative index of stock status that is calculated from 
the same survey on which the FMI values are based. These paired values are shown 
for all stocks contained in FMI surveys, whether collected at the country level or 
tRFMO11 level (Fig. 5.1.j). Data points in the scatterplot represent individual stocks; 
if more than one survey was conducted for the same stock (by different respondents), 
their values were averaged before plotting. Mean FMI and the mean stock status index 
both range from 0-1 for each stock, with higher values representing more intensive 
management and more desirable stock status, respectively. There is much variability 
in the scatterplot, but the loess smoother line overlaid (red line in Fig. 5.1.j, assuming 
equal weighting among stocks) shows the strong correlation between these measures. 
Thus, a given respondent answering questions for a particular stock tended to give 
relatively high answers to stock status questions when answers to questions in other 
dimensions were also high, or low answers for stock status when answers for other 
dimensions were also low. These responses cannot be considered independent of one 
another, but they do allow for at least a qualitative estimate of status for the stocks for 
which formal assessments are lacking in the RAMLDB database. 

17 FMI, shown on the horizontal axis in both panels j and k, is an aggregate index comprising dimensions 
of research, management, enforcement, and socioeconomics of the fishery system. It is based on a 
series of surveys with local fishery experts, consisting of 45 questions on a stock-by-stock basis. Survey 
answers consist of ‘0’, ‘0.5’ or ‘1’, representing whether a criterion is not met, partially met, or met for 
the stock in question. Survey answers are aggregated using arithmetic means, first across the individual 
criteria within a dimension, second across the four dimensions that comprise FMI for each stock in each 
survey, and third across surveys for the same stock. Higher values of FMI generally reflect greater overall 
management intensity. See Melnychuk et al. 2017 for further details about FMI surveys.
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The second measure of stock status considered is the most recent estimate of 
U/UMSY available for each stock from formal stock assessments (occasionally, UMSY 
reference points are estimated post-hoc if they were not provided in assessments). In 
contrast to the qualitative measures of stock status, using assessment-derived estimates 
of stock status avoids the expected correlation with FMI values because stock status 
measures are not based on answers from the same respondent. However, sample sizes 
are lower because of incomplete pairing between stocks, and estimates of stock status 
are not available for stocks lacking a formal assessment, which tend to also be the 
stocks with weaker overall management intensity. For the stocks that fully or partially 
corresponded, no strong relationship was observed between recent U/UMSY and FMI 

FIGURE 5.1.j
Relationship between the mean Fisheries Management Index (FMI) of stocks (horizontal axis) 

and a qualitative stock status index from FMI surveys (vertical axis). 

Data points show mean FMI values of stocks paired with stock status index values from the same FMI surveys. 
The stock status index reflects whether current levels of abundance and fishing pressure are near management 
targets and/or trending towards management targets, with higher values reflecting more desirable states. A loess 
smoother (red line) is fit to these paired indices and a dashed 1:1 reference line is shown. Histograms show the 
distribution of mean FMI values of individual stocks (top) and the distribution of mean stock status index from FMI 
surveys (right). Histograms are not restricted to stocks with paired values; some stocks may be included in the top 
histograms but not the right histograms or scatterplots, while other stocks may be included in the right histograms 
but not the top histograms or scatterplots. In contrast to panels (a‑i) in which ‘stock’ follows the convention of stock 
assessment definitions, here ‘stock’ represents the intersection of countries, species, and FAO Major Fishing Area.
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(Fig. 5.1.k). Stocks with high levels of management intensity (≥0.8) tended to have 
U/UMSY less than 1 (with more stocks in the range of 0-0.5 than in the range of 0.5-1), 
but some stocks classified as having high FMI also had U/UMSY greater than 1, some 
even greater than 1.5. Stock with moderate (0.4-0.6) and moderately-high FMI (0.6-0.8) 
tended to have more stocks with U/UMSY less than 1 than stocks with U/UMSY greater 
than 1, but stock status values were widely distributed. We note the absence of U/UMSY 
estimates for stocks with low or moderately-low FMI values less than 0.4; stocks that 
are managed less intensively tend to rarely have formal stock assessments conducted 
which would provide these estimates of U/UMSY. 

FIGURE 5.1.k
Relationship between the mean Fisheries Management Index (FMI) of stocks (horizontal axis) 
and the most recent available estimate of relative fishing pressure (U/UMSY) since 2010 for the 

stock (vertical axis). 

A dashed line is shown at U/UMSY = 1. Histograms show the distribution of mean FMI values of individual stocks 
(top) and the distribution of the most recent U/UMSY estimate available for individual stocks (right). All U/UMSY 
estimates are from 2010 or later. Histograms are not restricted to stocks with paired values; some stocks may be 
included in the top histograms but not the right histograms or scatterplots, while other stocks may be included 
in the right histograms but not the top histograms or scatterplots. For U/UMSY, ‘stock’ follows the convention of 
stock assessment definitions, but for FMI, ‘stock’ represents the intersection of countries, species, and FAO Major 
Fishing Area. The pairing of ‘assessment stocks’ and ‘FMI stocks’ therefore frequently involves only partial overlap 
of stock distribution areas.
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5.4 SUMMARY
Worldwide, assessed stocks on average have a greater relative abundance than 
unassessed stocks. While fishing pressure was previously higher than optimal levels in 
the 1990s and early 2000s, average fishing pressure has gradually declined since then 
and currently is about 30 percent less than levels that would in the long term provide 
maximum sustainable yield (Fig.  5.1.b). Trends in catch of stocks relative to their 
mean catch have shown similar patterns (Fig. 5.1.c). While biomass had been reduced 
to just below the most productive levels in previous decades, biomass for the average 
stock is now greater than the BMSY levels, and increasing (Fig. 5.1.a, e). In relation to 
target reference points for biomass and fishing pressure, the average assessed stock is 
therefore managed conservatively. Underlying these average trends, however, is a high 
level of variability in the status of individual stocks (Fig. 5.1.d). Some of this variability 
is observed as differences in average trends among FAO Major Marine Fishing Areas, 
the subject of the following chapter, while the remainder of this variability is observed 
as differences among individual stocks within the same FAO Major Fishing Area.

Assessed stocks around the world have accounted for about 1/3 of the world's 
landings as reported to FAO over the years 2013-2017 (Fig. 5.1.f). Of these assessed 
stocks, approximately 1/4 to 1/3 of them have estimated abundances that are considered 
overfished (Fig.  5.1.h). Similar proportions are observed if stocks are weighted by 
estimated MSY (Fig. 5.1.i). Under current fishing pressure, approximately 3/4 of the 
potential MSY across assessed stocks is being caught, and of the proportion of potential 
yield foregone, most of this is attributed to fishing stocks at fishing pressure less than 
UMSY (Fig. 5.1.g). A qualitative estimate of stock status is positively correlated with the 
Fisheries Management Index (FMI), an aggregate measure of management intensity 
(Fig. 5.1.j). The relationship between FMI and the relative fishing pressure of assessed 
stocks (U/UMSY) is more variable (Fig. 5.1.k).

This chapter has provided an overview of worldwide trends in the status of 
assessed stocks contained in the RAMLDB. While overall average trends of biomass 
(Fig. 5.1.a,e), fishing pressure (Fig. 5.1.b,e), and catch (Fig. 5.1.c), show a clear pattern, 
the variability among individual stocks behind these average trends is considerable 
(e.g. Fig.  5.1.d). We encourage interested readers to access the RAMLDB, which is 
freely-available online RAMLDB (2020b), to explore the rich level of detail available 
for individual stocks. Along with data files, the RAMLDB release package contains 
a set of documentation files that describe various aspects of the database, as well as 
an extensive set of figures showing trends in stock status and other available data for 
individual stocks.
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6. Regional trends in status of 
assessed stocks from the RAM 
Legacy Stock Assessment Database 

This chapter builds on Chapter 5 by disaggregating the worldwide trends into regional 
trends. Presenting trends by FAO Major Marine Fishing Area is important because 
estimates of stock status, potential catch, and fisheries management intensity vary 
considerably by region. These differences are not apparent if we were to only look at 
global summaries, such as those in Chapter 5. The differences among regions in current 
stock status reflect different levels of assessment capacity and management capacity.

Most of the data presented in this chapter are drawn from the RAM Legacy 
Stock Assessment Database (RAMLDB), but data are also drawn from the FAO 
world production database for capture fisheries and from the Fisheries Management 
Index (FMI) survey database (Chapter 4). Individual stocks from the RAMLDB 
were assigned to a single FAO Major Fishing Area. Widely-distributed tuna stocks 
typically managed at the level of tRFMOs11 generally span several FAO Major Fishing 
Areas; these stocks were instead assigned to one of three ocean basins: Atlantic Ocean 
(including stocks managed by ICCAT), Indian Ocean (including stocks managed by 
IOTC and by CCSBT), or Pacific Ocean (including stocks managed by IATTC and 
WCPFC). In addition to major tuna stocks, other species managed by tuna Regional 
Fisheries Management Organizations (tRFMOs) such as billfish, minor tunas, and 
occasionally sharks, may also be covered in the RAMLDB or FMI data presented in 
these three sections. Aside from these highly-migratory stocks, other coastal stocks 
that span multiple FAO Major Fishing Areas were assigned to a primary FAO Major 
Fishing Area based on the proportion of catch in each area. Most of the FAO Major 
Fishing Areas are covered individually in this chapter, including areas 21, 27, 31, 34, 
37, 41, 47, 57, 61, 67, 77, 81, and 87 (Fig. 4.2), along with the three ocean basin regions 
for tRFMO-managed stocks. 

Some FAO Major Fishing Areas are not covered individually in this chapter because 
few or no assessed stocks were assigned to these areas. These include FAO Major 
Fishing Areas 18 (Arctic Sea), 48 (Atlantic, Antarctic), 51 (Indian Ocean, Western), 
58 (Indian Ocean, Antarctic and Southern), 71 (Pacific, Western Central), and 88 
(Pacific, Antarctic) (Fig. 4.2). Even though these regions are not covered individually, 
the few individual stocks from these regions are still included in the worldwide trends 
(Chapter 5). Similarly, even though FAO Major Fishing Areas 51 and 71 are not 
covered individually, their tuna stocks are covered in the sections for Indian Ocean 
tunas (section 6.15) and Pacific Ocean tunas (section 6.16), respectively.

We note that some of the FAO Major Fishing Areas covered individually in this 
chapter may involve summaries of assessed stocks that are small in number, and/or 
that are unrepresentative of the majority of fisheries in the area. In particular, section 
6.8 (area 57, Eastern Indian Ocean) is based on a small number of assessed stocks from 
Australia which only account for a small proportion of the total landings in the area. 
These stocks are not likely to be representative of most fish stocks in the area.

For each FAO Major Fishing Area covered individually in this chapter (16 in 
total), the same structure is used as was presented in Chapter 5 for worldwide trends 
across all FAO Major Fishing Areas. The same basic statistics as bulleted points, the 
same summary table, and the same types of 11 figures (a-k) are presented for each 
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FAO Major Fishing Area, mirroring the basic statistics, table, and figures presented in 
Chapter 5. We recommend that the reader first reads Chapter 5 because the structure 
and interpretations of these 11 figures and summary table are discussed in greater 
detail. The figure and table captions in this chapter are intentionally brief. Please refer 
to Appendix 1 for extended figure captions and to Appendix 2 for summary table 
footnotes for additional information about the figures and tables presented in this 
chapter.

6.1 FAO MAJOR FISHING AREA 21—ATLANTIC, NORTHWEST
FAO Major Fishing Area 21 encompasses the east coast of Canada, northeast coast of 
the United States, and West coast of Greenland. Total landings in this region average 
1.8 million tonnes (mmt) annually (Table 6.1). The fishery of the region is dominated by 
American sea scallop (Placopecten magellanicus), northern prawn (Pandalus borealis), 
Atlantic herring (Clupea harengus), Atlantic menhaden (Brevoortia tyrannus), and 
American lobster (Homarus americanus), all with catches greater than 0.15 mmt. Of 
the total regional landings, 51 percent come from United States of America stocks and 
36 percent come from Canadian stocks, but 66 percent of individual RAMLDB stocks 
from this region are from eastern Canada.

6.1.1 Basic statistics

•	 Stock counts in the RAMLDB for this region are:
 Ŋ  125 stocks with recent catch tonnage time series;
 Ŋ  62 stocks with recent available estimates of total biomass;
 Ŋ  63 stocks with recent available estimates of relative biomass (B/BMSY) and/or 

relative fishing pressure (U/UMSY);
 Ŋ  75 stocks with estimates of MSY.

•	 MSY for the 75 stocks with available estimates sums to 2.3 million tonnes, 
which is 241  percent greater than the sum of recent catch across the same 
75 stocks.

•	 Recent total biomass for the 62 stocks with available estimates sums to 
12.9 million tonnes, which represents an overall regional annual exploitation 
rate of 6  percent when compared to recent catch summed across the same 
62 stocks.

•	 Recent catch summed across the 125 stocks constitutes 52 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 45 stocks, constituting 77 percent of regional 
total FAO landings.

6.1.2 Status and trends
For assessed stocks, this region has been characterized by biomass declines in the 
1970s to early 1990s as a result of fishing pressure above UMSY (Fig. 6.1.a,b). Since then, 
fishing pressure was reduced and have continued to decline, while average biomass has 
been slow to recover. Catches in the region were reduced sharply in the mid-1990s 
and have further declined since then (Fig. 6.1.c). Currently, mean biomass is roughly 
0.75 BMSY (Fig. 6.1.a) and mean fishing pressure is below 0.5 UMSY (Fig. 6.1.b). Most 
of the large stocks currently have low fishing pressure and a wide range of relative 
biomass (Fig.  6.1.d), and several small stocks are above UMSY. Mean stock status 
transitioned though the upper-left hand quadrant in the 1990s and is currently in the 
lower left, with low abundance and low fishing pressure (Fig. 6.1.e).

The two individual stocks with greatest mean catch in the RAMLDB are Atlantic 
menhaden from the United States of America and 2J3KL Atlantic cod (Fig.  6.1.f), 
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though recent catches are much lower than those of several decades ago. Only a 
small fraction of potential yield has been lost from excessive fishing pressure since 
2000 (Fig. 6.1.g), but there could be an increase in yield of about 10-35 percent if all 
assessed stocks could be fully exploited (Fig. 6.1.g). Roughly 35 percent of the stocks 
are below 0.8 BMSY, the FAO criterion for overfished, while nearly 50 percent of the 
stocks are underexploited (Fig. 6.1.h). A small fraction of stocks is currently between 
0.8-1.2 BMSY, in FAO’s range of ‘maximally sustainably fished’ status (Fig. 6.1.h), but 
as a proportion of total MSY, over 50 percent of MSY is in this intermediate status bin 
(Fig. 6.1.i).

6.1.3 Policy and management implications
Most stocks in the region have high Fisheries Management Index (FMI) scores 
(Fig. 6.1.j,k). These ‘FMI stocks’ have a wide range of values of the stock status index 
(Fig. 6.1.j) and most corresponding ‘assessment stocks’ have low relative U/UMSY in 
recent years (Fig. 6.1.k).

In summary, this region is characterized by a history of overfishing in the 1980s 
and early 1990s, but generally cautious management since the mid-1990s. On average, 
biomass has been slow to respond to reductions in fishing pressure. Currently, the 
only significant potential for increasing overall yield is to increase exploitation of 
currently-underexploited stocks. Nevertheless, many stocks remain overfished, and 
overfishing continues for some smaller stocks. Of the total FAO landings in this 
region, 48 percent are derived from unassessed or not-recently-assessed stocks.

TABLE 6.1
Summary of data included in analysis of stock status and management for FAO area 21, 
separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 1 817 314

United States of America  928 975 

Canada  657 049

Greenland  161 074 

RAMLDB 953 225 125 (63)

Canada 494 300 82 (30)

United States of America 402 686 39 (30)

Greenland 34 940 2 (1)

Portugal 13 900 1 (1)

Russian Federation 7 400 1 (1)

FMI 1 409 389 45 20

United States of America 780 676 21 9

Canada 628 713 24 11
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FIGURE 6.1
Regional overview of stock status for FAO Major Fishing Area 21.
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.
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6.2 FAO MAJOR FISHING AREA 27—ATLANTIC, NORTHEAST
FAO Major Fishing Area 27 encompasses Atlantic and Baltic waters around Europe. 
Total landings in this region average 8.7 mmt annually (Table  6.2). The fishery of 
the region is dominated by Atlantic herring (Clupea harengus), Atlantic cod (Gadus 
morhua), blue whiting (Micromesistius poutassou), and Atlantic mackerel (Scomber 
scombrus), all with annual catches greater than 1 mmt. Over half the regional landings 
are caught by countries outside the European Union (Norway, Iceland, the Russian 
Federation, and the Faroe Islands). 

6.2.1 Basic statistics

•	 Stock counts in the RAMLDB for this region are:
 Ŋ  236 stocks with recent catch tonnage time series;
 Ŋ  89 stocks with recent available estimates of total biomass;
 Ŋ  109 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  65 stocks with estimates of MSY.

•	 MSY for the 65 stocks with available estimates sums to 11.5 million tonnes, 
which is 71  percent greater than the sum of recent catch across the same 
65 stocks.

•	 Recent total biomass for the 89 stocks with available estimates sums to 
49.1 million tonnes, which represents an overall regional annual exploitation 
rate of 16  percent when compared to recent catch summed across the same 
89 stocks.

•	 Recent catch summed across the 236 stocks constitutes 96 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 173 stocks, constituting 84 percent of regional 
total FAO landings.

6.2.2 Status and trends
For assessed stocks, this region has been characterized by high fishing pressure and 
biomass declines until the late 1990s, after which fishing pressure has been reduced 
continually, with average biomass sharply increasing in the last decade (Fig. 6.2.a,b). 
Catches in the region declined considerably since the mid-1990s and remain relatively 
low (Fig.  6.2.c). Currently, mean biomass is roughly 1.4 BMSY (Fig.  6.2.a) and mean 
fishing pressure is near UMSY (Fig. 6.2.b). Among both large and small stocks, more 
than half have biomass greater than BMSY, but approximately half have fishing pressure 
greater than UMSY (Fig.  6.2.d). Mean stock status remained in the upper right-hand 
quadrant of the ‘Kobe plot’ for most of the last four decades (Fig. 6.2.e), nearing BMSY 
for a few years in the 2000s and currently just below UMSY, in the lower right quadrant.

Summed catches in the RAMLDB have constituted nearly all the regional landings 
since the late 1980s (Fig. 6.2.f), with two widely-distributed stocks—blue whiting and 
Norwegian spring spawning herring—having the greatest catches. About 5-15 percent 
of potential yield has been lost from excessive fishing pressure in the last decade 
(Fig. 6.2.g), and yield could be increased by about 15 percent if all assessed stocks could 
be fully exploited (Fig. 6.2.g). Roughly 20 percent of stocks are below 0.8 BMSY, while 
over 50 percent of stocks are underexploited (Fig. 6.2.h). In terms of summed MSY, an 
even greater proportion is underexploited (Fig. 6.2.i), with a low proportion in either 
the overfished zone or maximally sustainably fished zone. 
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6.2.3 Policy and management implications
Most stocks in the region have medium-to-high Fisheries Management Index (FMI) 
scores (Fig. 6.2.j,k). These ‘FMI stocks’ also have medium-to-high values of the stock 
status index (Fig. 6.2.j), though corresponding ‘assessment stocks’ have a wide range of 
relative U/UMSY in recent years (Fig. 6.2.k).

In summary, this region is characterized by a long history of high fishing pressure 
followed by a reduction in overall fishing pressure over the last two decades, with 
mean biomass increasing. There is relatively small potential for increasing overall yield 
from currently overfished or currently underfished stocks. Nevertheless, several stocks 
including some large stocks still have fishing pressure above UMSY. Of the total FAO 
landings in this region, only 4 percent are derived from unassessed or not-recently-
assessed stocks.

TABLE 6.2
Summary of data included in analysis of stock status and management for FAO Major Fishing 
Area 27, separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 8 745 531

Norway 2 059 792

Iceland 1 198 398

Russian Federation 1 034 188

Denmark 767 965

United Kingdom of Great 
Britain and Northern Ireland

696 036

Faroe Islands 573 791

France 357 577

Spain 324 730

Netherlands 319 900

Ireland 244 803

RLSAD 8 399 667 236 (109)

Norway 4 132 737 24 (14)

Russian Federation 909 370 5 (1)

Iceland 861 126 15 (11)

Denmark 774 343 26 (11)

Poland 332 440 4 (2)

Netherlands 285 503 9 (4)

France 269 879 43 (12)

Sweden 249 300 2 (2)

United Kingdom of Great 
Britain and Northern Ireland

189 499 43 (23)

Finland 104 232 2 (1)

FMI 7 352 815 173 71

Norway 2 018 809 24 8

Iceland 1 162 283 19 6

Russian Federation 1 003 336 16 6

Denmark 713 254 11 8

United Kingdom of Great 
Britain and Northern Ireland

632 247 24 7

Faroe Islands 520 759 6 4

Netherlands 287 393 7 5

France 253 790 22 5

Sweden 192 489 18 5

Spain 187 204 18 4
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FIGURE 6.2
Regional overview of stock status for FAO Major Fishing Area 27.
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.
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6.3 FAO MAJOR FISHING AREA 31—ATLANTIC, WESTERN CENTRAL
FAO Major Fishing Area 31 encompasses the southeastern States of the United States 
of America, Caribbean Sea, Gulf of Mexico, and the northern coast of South America. 
Total landings in this region average 1.3 million tonnes (mmt) annually (Table  6.3). 
The fishery of the region is dominated by Gulf menhaden (Brevoortia patronus), with 
annual catches of 0.5 mmt. More than half of the regional landings comes from United 
States of America stocks, with Mexico (17  percent) and the Bolivarian Republic of 
Venezuela (14  percent) also accounting for large portions of the total landings. All 
individual RAMLDB stocks from this region are from the United States of America.

6.3.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  28 stocks with recent catch tonnage time series;
 Ŋ  24 stocks with recent available estimates of total biomass;
 Ŋ  28 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  25 stocks with estimates of MSY;

•	 MSY for the 25 stocks with available estimates sums to 1.1 million tonnes, 
which is 60  percent greater than the sum of recent catch across the same 
25 stocks.

•	 Recent total biomass for the 24 stocks with available estimates sums to 
5.8  million tonnes, which represents an overall regional annual exploitation 
rate of 12 percent when compared to recent catch summed across the same 24 
stocks.

•	 Recent catch summed across the 28 stocks constitutes 52 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 91 stocks, constituting 69 percent of regional 
total FAO landings.

6.3.2 Status and trends
For assessed stocks, this region has been characterized by a period of over-exploitation 
from the mid-1980s to mid-2000s, followed by a reduction in fishing pressure below 
UMSY (Fig. 6.3.a,b). Biomass declined towards BMSY during this period and is on average 
slightly above BMSY (Fig.  6.3.a). Catches in the region have been constant since the 
1980s, declining only slightly (Fig. 6.3.c). Currently, mean biomass is roughly 1.2 BMSY 
(Fig. 6.3.a) and mean fishing pressure is roughly 0.8 UMSY (Fig. 6.3.b). Most of the large 
stocks are near MSY-based reference points or at high biomass and low fishing pressure 
(Fig. 6.3.d), but a few small stocks have fishing pressure above UMSY. Mean stock status 
has remained in the lower right-hand quadrant of the ‘Kobe plot’ throughout most 
of the past several decades with high abundance and low fishing pressure on average 
(Fig. 6.3.e), crossing briefly into the upper left quadrant for a few years in the 1990s.

Summed catches in the RAMLDB have constituted approximately half of the 
regional landings until 2010 (Fig.  6.3.f), after which available coverage from stock 
assessments is reduced (Gulf menhaden being the dominant stock contributing to 
this). Almost no potential yield has been lost from excessive fishing pressure since 
the mid-1990s (Fig. 6.3.g), but there could be an increase in yield of 20-50 percent if 
all assessed stocks could be fully exploited (Fig. 6.3.g). Roughly 30 percent of stocks 
have been below 0.8 BMSY, while about 35 percent of stocks have been underexploited, 
with the remaining 35 percent in the maximally sustainably fished bin (Fig. 6.3.h). In 
terms of summed MSY, approximately half the regional MSY is in the underexploited 
category; the fraction of total catch coming from stocks in each biomass category 
(Fig. 6.3.i) is dominated by Gulf menhaden.
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6.3.3 Policy and management implications
Stocks in the region have a wide range of Fisheries Management Index (FMI) scores 
(Fig. 6.3.j,k). These ‘FMI stocks’ also have a wide range of values of the stock status 
index, with most stocks having values near 0 (Fig.  6.3.j). This is because many of 
these surveys were conducted for Caribbean countries (Table 6.3) that do not conduct 
formal stock assessments. Corresponding ‘assessment stocks’ have a wide range of 
relative U/UMSY in recent years including several stocks with values near 2 (Fig. 6.3.k).

In summary, this region is characterized by a brief history of overexploitation 
followed by a reduction in fishing mortality and consequent increase in biomass 
for assessed stocks. The only significant potential for increasing overall yield is to 
increase exploitation of currently-underexploited stocks. Some smaller stocks remain 
overfished and are of management concern, and several unassessed stocks are also 
of concern. Of  the total FAO landings in this region, 48  percent are derived from 
unassessed or not-recently-assessed stocks.

TABLE 6.3
Summary of data included in analysis of stock status and management for FAO Major Fishing 
Area 31, separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 1 326 438

United States of America 673 967

Mexico 226 078

Venezuela (Bolivarian Republic of) 185 732

Guyana 40 399

Suriname 38 744

RAMLDB 696 813 27 (28)

United States of America 696 813 27 (28)

FMI 920 149 91 75

United States of America 592 011 6 9

Mexico 190 753 24 27

Venezuela (Bolivarian Republic of) 84 899 1 3

Cuba 19 315 12 6

Jamaica 13 274 3 6

Bahamas 11 756 10 7

Belize 4 545 7 5

Barbados 1 827 8 5

Puerto Rico 1 769 20 7
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FIGURE 6.3
Regional overview of stock status for FAO Major Fishing Area 31. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.
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6.4 FAO MAJOR FISHING AREA 34—ATLANTIC, EASTERN CENTRAL
FAO Major Fishing Area 34 encompasses the West coast of Africa, from Morocco 
to the Democratic Republic of the Congo. Total landings in this region average 
4.2 million tonnes (mmt) annually (Table 6.4). The fishery of the region is dominated 
by European pilchard (Sardina pilchardus) at nearly 1 mmt, followed by bonga shad 
(Ethmalosa fimbriata), Atlantic chub mackerel (Scomber colias), and round sardinella 
(Sardinella aurita), each greater than 0.2 mmt. Morocco accounts for 31 percent of the 
regional catch, followed by Mauritania (12 percent), Senegal (11 percent), and Nigeria 
(9 percent). West African stock assessments in the RAMLDB are multinational, with 
most stocks linked to Morocco or Mauritania as their primary country.

6.4.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  11 stocks with recent catch tonnage time series;
 Ŋ  8 stocks with recent available estimates of total biomass;
 Ŋ  5 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  5 stocks with estimates of MSY.

•	 MSY for the 5 stocks with available estimates sums to 0.9 million tonnes, which 
is 30 percent less than the sum of recent catch across the same 5 stocks.

•	 Recent total biomass for the 8 stocks with available estimates sums to 
3.9 million tonnes, which represents an overall regional annual exploitation rate 
of 59 percent when compared to recent catch summed across the same 8 stocks.

•	 Recent catch summed across the 11 stocks constitutes 60 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 85 stocks, constituting 57 percent of regional 
total FAO landings.

6.4.2 Status and trends
For assessed stocks, this region has been characterized by a steep increase in fishing 
pressure over the past few decades and a corresponding decrease in biomass towards 
target levels (Fig. 6.4.a,b). Catches in the region have increased throughout this period 
(Fig. 6.4.c). Currently, mean biomass is near BMSY (Fig. 6.4.a) but mean fishing pressure 
is nearly UMSY (Fig. 6.4.b). Many of these time series are out of date (no estimates since 
2010), and those with estimates available only extend back to 1990. The few assessed 
stocks with data available since 2010 on average currently have biomass below BMSY 
and most have fishing pressure above twice UMSY (Fig. 6.4.d). Mean stock status, with 
available estimates extending back only to 1990, has followed a trajectory from near 
the intersection of the four quadrants rapidly upwards. It currently straddles the upper 
right and upper left quadrants, with concerning estimates of high fishing pressure 
(Fig. 6.4.e).

Summed catches in the RAMLDB have constituted over half of the regional 
landings only during the period contained in stock assessments, approximately 1990 
to 2010 (Fig. 6.4.f). Small pelagic stocks dominate the region, including assessed stocks 
of sardine and sardinella. An increasingly high fraction of potential yield, ranging 
from 15-60 percent, has been lost from excessive fishing pressure since the late-1990s 
(Fig.  6.4.g). Correspondingly, the fraction of potential yield from fishing harder is 
only at about 10-30 percent and also variable (Fig. 6.4.g). The fractions of stocks and 
fractions of summed MSY in different BMSY categories are highly sensitive to when the 
few stocks in this region cross the thresholds of 0.8 and 1.2 BMSY, limiting the inferences 
drawn from these plots (Fig. 6.4.h,i). 
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6.4.3 Policy and management implications
Most stocks in the region have intermediate Fisheries Management Index (FMI) scores, 
with few very high or very low FMI values (Fig. 6.4.j,k). These ‘FMI stocks’ tend to 
have low values of the stock status index (Fig. 6.4.j) and the very few corresponding 
‘assessment stocks’ have a wide range of U/UMSY values in recent years (Fig. 6.4.k).

In summary, this region is characterized by concerning trends of high and increasing 
overexploitation which appear to be leading to biomass levels falling below BMSY levels, 
generally cautious management and high relative biomass. Considering these trends, 
the most significant potential for increasing overall yield is to decrease exploitation 
of currently-overexploited stocks. There are few assessed stocks, and most are of 
management concern. Of the total FAO landings in this region, 40 percent are derived 
from unassessed or not-recently-assessed stocks.

TABLE 6.4
Summary of data included in analysis of stock status and management for FAO Major Fishing 
Area 34, separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 4 244 161

Morocco 1 308 807

Mauritania 498 106

Senegal 450 726

Nigeria 401 839

Russian Federation 212 653

Sierra Leone 200 357

Cameroon 187 512

Ghana 158 162

Guinea 96 382

RAMLDB 2 338 400 9 (5)

Morocco 1 241 000 4 (3)

Senegal 540 000 1 (1)

Mauritania 534 000 3 (1)

Gambia 23 400 1 (0)

FMI 2 442 841 85 44

Morocco 1 243 215 21 8

Mauritania 354 910 4 3

Nigeria 324 393 24 9

Senegal 288 491 12 7

Guinea 91 048 8 3

Ghana 52 061 3 3

Belize 41 497 2 2

Netherlands 30 987 2 3

Gabon 15 700 9 6
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FIGURE 6.4
Regional overview of stock status for FAO Major Fishing Area 34. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.
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6.5 FAO MAJOR FISHING AREA 37—MEDITERRANEAN AND BLACK SEA
FAO Major Fishing Area 37 encompasses the Mediterranean Sea and Black Sea. 
Total landings in this region average 1.2 million tonnes (mmt) annually (Table  6.5). 
The fishery of the region is dominated by European anchovy (Engraulis encrasicolus, 
0.3  mmt) and European pilchard (Sardina pilchardus, 0.2 mmt). Regional landings 
come primarily from Turkey (15 percent), Italy (15 percent), Tunisia (9 percent), and 
Algeria (8  percent). Stock areas are often multinational, and most of the individual 
RAMLDB stocks from this region have Italy or Spain as their primary country.

6.5.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  79 stocks with recent catch tonnage time series;
 Ŋ  67 stocks with recent available estimates of total biomass;
 Ŋ  72 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  45 stocks with estimates of MSY.

•	 MSY for the 45 stocks with available estimates sums to 3.0 million tonnes, 
which is 614  percent greater than the sum of recent catch across the same 
45 stocks.

•	 Recent total biomass for the 67 stocks with available estimates sums to 4.1 
million tonnes, which represents an overall regional annual exploitation rate of 
11 percent when compared to recent catch summed across the same 67 stocks.

•	 Recent catch summed across the 79 stocks constitutes 37 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 31 stocks, constituting 31 percent of regional 
total FAO landings.

6.5.2 Status and trends
For assessed stocks, this region has been characterized by fishing pressure steeply 
increasing over several decades, with biomass declining throughout this period to levels 
well below BMSY (Fig. 6.5.a,b). Catches in the region have declined since the late 1990s 
(Fig. 6.5.c). Currently, mean biomass is roughly 0.5 BMSY (Fig. 6.5.a) and median fishing 
pressure is greater than 2 UMSY (Fig. 6.5.b; state-space model fits did not converge for 
estimating mean U, likely resulting from the high variance across stocks as well as the 
limited number of stocks in recent years). Most stocks in the region, including both large 
and small stocks, are at low biomass and have a wide range of fishing pressure, from 
near UMSY to over 2 UMSY (Fig. 6.5.d). Few stocks, and only the small ones, have biomass 
above BMSY. Mean bivariate stock status (Fig.  6.5.e) cannot be shown in this section 
because the state-space model fits for the estimated trend in U/UMSY did not converge. 
However, considering the median values of U/UMSY (Fig. 6.5.b), stocks are well into the 
upper left quadrant of most concern, with low abundance and high fishing pressure.

Summed catches in the RAMLDB have constituted less than half of regional 
landings, and primarily in the 1990s and 2000s, the range of years considered in most 
stock assessments (Fig. 6.5.f). Black Sea anchovy is the dominant stock in this region. 
Periodically, a considerable portion of potential yield has been lost from excessive 
fishing pressure for several decades, often about 20 percent in recent years, but much 
higher in some years (Fig. 6.5.g). Little increase in yield could be gained from increasing 
exploitation of currently under-exploited stocks (Fig. 6.5.g). Roughly 75 percent of the 
stocks have been below 0.8 BMSY, the FAO criterion for overfished, while less than 
10 percent of the stocks have been underexploited over the last decade (Fig. 6.5.h). In 
terms of summed MSY, the fraction of total catch coming from stocks in the overfished 
biomass category is even greater, nearing 100 percent in recent decades (Fig. 6.5.i).
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6.5.3 Policy and management implications
Stocks in the region have a wide range of Fisheries Management Index (FMI) scores, 
with most at intermediate/high levels (Fig. 6.5.j,k). These ‘FMI stocks’ also have a wide 
range of values of the stock status index, with many at the extremes of the distribution 
(Fig. 6.5.j). Almost all corresponding ‘assessment stocks’ have U/UMSY near or greater 
than 2 in recent years (Fig. 6.5.k).

In summary, this region is characterized by concerning trends of high and 
increasing overexploitation which have led to biomass levels well below BMSY levels 
for several decades. The most significant potential for increasing overall yield is to 
decrease exploitation of currently-overexploited stocks. Most assessed stocks are of 
management concern. Of the total FAO landings in this region, 63 percent are derived 
from unassessed or not-recently-assessed stocks.

TABLE 6.5
Summary of data included in analysis of stock status and management for FAO Major Fishing 
Area 37, separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 1 211 707

Turkey 306 187

Italy 181 437

Tunisia 103 428

Algeria 93 915

Spain 74 838

Croatia 73 646

Russian Federation 72 885

Greece 66 310

Egypt 57 756

Ukraine 44 540

RAMLDB 456 488 79 (72)

Turkey 183 492 7 (7)

Italy 164 602 41 (36)

Ukraine 58 400 1 (1)

Spain 43 524 22 (20)

France 6 470 8 (7)

FMI 380 797 31 17

Turkey 237 246 4 3

Tunisia 53 524 7 3

Spain 48 677 11 3

Algeria 36 225 1 2

France 5 125 8 6
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FIGURE 6.5
Regional overview of stock status for FAO Major Fishing Area 37. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (f) trend 
in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall yield; (h,i proportion of stocks in FAO 
biomass status categories, with (h) stocks weighted equally, or (i) stocks weighted by MSY; (j) relationship between 
Fisheries Management Index (FMI) of stocks in region and stock status index from FMI surveys; (k) relationship 
between FMI of stocks in region and U/UMSY of corresponding stocks. See extended caption in Appendix 1 for 
further details. Panel (e) not shown because state‑space model fits did not converge for U/UMSY in this region.



Global trends in status and management of assessed stocks 76

6.6 FAO MAJOR FISHING AREA 41—ATLANTIC, SOUTHWEST
FAO Major Fishing Area 41 encompasses the Atlantic coast of South America from 
French Guiana southwards. Total landings in this region average 1.9 million tonnes 
(mmt) annually (Table 6.6). The fishery of the region is dominated by Argentine shortfin 
squid (Illex argentinus, 0.6 mmt), Argentine hake (Merluccius hubbsi, 0.3 mmt), and 
Argentine red shrimp (Pleoticus muelleri, 0.2 mmt). Almost all the regional landings 
come from Argentina (41  percent) or Brazil (23  percent). All individual RAMLDB 
stocks from this region are from Argentina.

6.6.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  8 stocks with recent catch tonnage time series;
 Ŋ  8 stocks with recent available estimates of total biomass;
 Ŋ  8 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  7 stocks with estimates of MSY.

•	 MSY for the 7 stocks with available estimates sums to 1.4 million tonnes, which 
is 212 percent greater than the sum of recent catch across the same 7 stocks.

•	 Recent total biomass for the 8 stocks with available estimates sums to 
5.7 million tonnes, which represents an overall regional annual exploitation rate 
of 8 percent when compared to recent catch summed across the same 8 stocks.

•	 Recent catch summed across the 8 stocks constitutes 24  percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 72 stocks, constituting 72 percent of regional 
total FAO landings.

6.6.2 Status and trends
For assessed stocks, this region has been characterized by a steep increase in fishing 
pressure during the 1980s-2000s, with a coincident decline in biomass (Fig.  6.6.a,b). 
For some stocks in the last decade, fishing pressure has been sharply reduced—current 
mean U is about 1.2 UMSY—and biomass has begun to recover, with current B at about 
0.9 BMSY (Fig. 6.6.a,b). Catches in the region have largely remained constant since the 
1980s (Fig. 6.6.c). Most large stocks have fishing pressure near or below UMSY, with a 
wide range of relative biomass (Fig. 6.6.d). Mean stock status began in the lower right 
quadrant of the ‘Kobe plot’ with high abundance and low fishing pressure, transitioned 
through the upper right quadrant and into the upper left quadrant where it currently 
remains (Fig. 6.6.e).

Summed catches in the RAMLDB have constituted approximately 1/3 of the 
regional landings between the mid-1980s and mid-2010s (Fig.  6.6.f), with two 
Argentine hake stocks (one of them shared with Uruguay) being the dominant assessed 
stocks. A considerable fraction of potential yield (10-35 percent) has been lost from 
excessive fishing pressure between the mid-1980s and mid-2000s, which has decreased 
in the last few years (Fig. 6.6.g). There is potential for a large increase in yield, about 
50  percent, if currently under-exploited stocks could be fully exploited (Fig.  6.6.g). 
Roughly 50-60 percent of stocks have recently been below 0.8 BMSY, the FAO criterion 
for overfished, while the remainder has been underexploited (Fig. 6.6.h). In terms of 
summed MSY, fractions of MSY in the BMSY categories (Fig. 6.6.k) are similar to the 
fractions of stocks in BMSY categories.
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6.6.3 Policy and management implications
Stocks in the region have a wide range of Fisheries Management Index (FMI) scores, 
with most at relatively low levels (Fig. 6.6.j,k). These ‘FMI stocks’ also generally have 
low values of the stock status index (Fig.  6.6.j). The few corresponding ‘assessment 
stocks’ have a wide range of relative U/UMSY in recent years (Fig. 6.6.k).

In summary, this region is characterized by increasing fishing pressure over several 
decades followed by a reduction in the last few years; there is some evidence that 
coincident declines in biomass have also begun to reverse. There is significant potential 
for increasing overall yield by increasing exploitation of currently-underexploited 
stocks, though there is still management concern for a few stocks that are either still 
undergoing overfishing or have not yet recovered following the reduction of fishing 
pressure. Of the total FAO landings in this region, 76  percent are derived from 
unassessed or not-recently-assessed stocks.

TABLE 6.6
Summary of data included in analysis of stock status and management for FAO Major Fishing 
Area 41, separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 1 983 713

Argentina 803 544

Brazil 450 389

China 222 152

Spain 135 924

Taiwan Province of China 133 486

Republic of Korea 99 956

Falkland Islands (Malvinas) 67 412

Uruguay 56 402

RAMLDB 488 240 8 (8)

Argentina 488 240 8 (8)

FMI 1 447 118 72 33

Argentina 760 096 27 8

Brazil 394 079 39 17

Taiwan Province of China 132 019 1 2

Republic of Korea 64 150 1 1

Spain 61 995 2 3

Uruguay 34 778 2 2
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FIGURE 6.6
Regional overview of stock status for FAO Major Fishing Area 41. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.
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6.7 FAO MAJOR FISHING AREA 47—ATLANTIC, SOUTHEAST
FAO Major Fishing Area 47 encompasses the southern Atlantic coast of Africa, from 
Angola southwards and including the southern coast of South Africa. Total landings 
in this region average 1.5 million tonnes (mmt) annually (Table 6.7). The fishery of the 
region is dominated by Cape horse mackerel (Trachurus capensis, 0.4 mmt), Cape hakes 
(Merluccius capensis and M. paradoxus, 0.3 mmt), southern African anchovy (Engraulis 
capensis, 0.2 mmt), and southern African pilchard (Sardinops ocellatus, 0.1 mmt). 
Regional landings are shared by South Africa (34 percent), Namibia (31 percent), and 
Angola (28  percent), with all individual RAMLDB stocks from this region coming 
from South Africa.

6.7.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  14 stocks with recent catch tonnage time series;
 Ŋ  14 stocks with recent available estimates of total biomass;
 Ŋ  13 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  7 stocks with estimates of MSY.

•	 MSY for the 7 stocks with available estimates sums to 0.7 million tonnes, which 
is 70 percent greater than the sum of recent catch across the same 7 stocks.

•	 Recent total biomass for the 14 stocks with available estimates sums to 
5.9 million tonnes, which represents an overall regional annual exploitation rate 
of 9 percent when compared to recent catch summed across the same 14 stocks.

•	 Recent catch summed across the 14 stocks constitutes 33 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 41 stocks, constituting 83 percent of regional 
total FAO landings.

6.7.2 Status and trends
For assessed stocks, this region has been characterized by constant fishing pressure over 
several decades and gradual, slight biomass declines over the same period (Fig. 6.7.a,b). 
Catches in the region have declined slightly since the late 1970s (Fig. 6.7.c). Currently, 
mean biomass is roughly 0.8 BMSY (Fig. 6.7.a) and mean fishing pressure is also about 
0.8 UMSY (Fig. 6.7.b). Most of the large assessed stocks have high relative biomass and 
fishing pressure that are either low or near targets (Fig. 6.7.d), but a few small stocks 
have low biomass and high fishing pressure. Since 1970, mean stock status has remained 
in the lower left-hand quadrant of the ‘Kobe plot’, of low biomass and low fishing 
pressure (Fig. 6.7.e).

Summed catches in the RAMLDB have constituted approximately half of the 
regional landings since the late 1980s (Fig.  6.7.f), with sardine being the dominant 
assessed stock in most years. Almost no potential yield has been lost from excessive 
fishing pressure since 1980 (Fig.  6.7.g), but there could be an increase in yield of 
around 40 percent if all stocks could be fully exploited (Fig. 6.7.g). Roughly 60 percent 
of stocks have been below 0.8 BMSY, the FAO criterion for overfished, while about 
20 percent of stocks have been underexploited, with the remaining 20 percent between 
0.8-1.2 BMSY in recent years (Fig. 6.7.h). In terms of summed MSY, the fractions in BMSY 
bins is sensitive to the sardine stock crossing thresholds of 0.8 and 1.2, but in most 
years of the last two decades, about 80 percent of MSY-weighted stocks have been in 
the high biomass bin (Fig. 6.7.i).
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6.7.3 Policy and management implications
Stocks in the region have a wide range of Fisheries Management Index (FMI) scores 
(Fig. 6.7.j,k). These ‘FMI stocks’ also have a wide range of values of the stock status 
index, with several near 0 and others at higher values (Fig. 6.7.j). The few corresponding 
‘assessment stocks’ have a wide range of U/UMSY in recent years (Fig. 6.7.k).

In summary, despite the fluctuations of small pelagic stocks, this region is 
characterized by constant mean fishing pressure over 5 decades and a slight decline 
in mean biomass over that time. The only significant potential for increasing overall 
yield is to increase exploitation of currently-underexploited stocks. Of the total FAO 
landings in this region, 67 percent are derived from unassessed or not-recently-assessed 
stocks.

TABLE 6.7
Summary of data included in analysis of stock status and management for FAO Major Fishing 
Area 47, separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 1 565 298

South Africa 535 485

Namibia 487 047

Angola 445 957

RAMLDB 525 794 14 (13)

South Africa 525 794 14 (13)

FMI 1 308 227 41 21

South Africa 527 229 27 13

Namibia 479 331 10 7

Angola 301 667 4 1
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FIGURE 6.7
Regional overview of stock status for FAO Major Fishing Area 47. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.
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6.8 FAO MAJOR FISHING AREA 57—INDIAN OCEAN, EASTERN
FAO Major Fishing Area 57 encompasses the eastern Indian Ocean, from eastern India, 
through the Bay of Bengal, western Indonesia, and the western and southern coasts 
of Australia. Total landings in this region average 5.9 million tonnes (mmt) annually 
(Table 6.8). The fishery of the region is dominated by catches from unassessed stocks, 
with the greatest contributions to total regional landings from Indonesia (25 percent), 
India (22 percent), and Myanmar (18 percent) (Table 6.8). The only assessed stocks in 
this region are from Australia.

6.8.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  7 stocks with recent catch tonnage time series;
 Ŋ  2 stocks with recent available estimates of total biomass;
 Ŋ  2 stocks with recent available estimates of B/BMSY and/or U/UMSY;

 Ŋ  5 stocks with estimates of MSY.
•	 MSY for the 5 stocks with available estimates sums to 0.01 million tonnes, 

which is 33  percent greater than the sum of recent catch across the same 
5 stocks.

•	 Recent total biomass for the 2 stocks with available estimates sums to 
0.08  million tonnes, which represents an overall annual exploitation rate of 
6 percent when compared to recent catch summed across the same 2 stocks.

•	 Recent catch summed across the 7 stocks constitutes 0.1  percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 70 stocks, constituting 60 percent of regional 
total FAO landings.

6.8.2 Status and trends
For the few assessed stocks from Australia, mean fishing pressure have increased and 
mean biomass has slightly declined since the 1970s (Fig. 6.8.a,b). Current mean fishing 
pressure is about 0.8 UMSY and current biomass is about 1.3 BMSY (Fig. 6.8.a,b). Catches 
increased steeply during the 1980s and 1990s but have remained constant since 2000 
(Fig. 6.8.c). Individual assessed stocks in this region are all relatively small, and most 
have relatively high biomass and low fishing pressure (Fig. 6.8.d). Mean stock status 
of assessed stocks has remained in the lower right-hand quadrant of the ‘Kobe plot’, 
generally moving towards fishing pressure of UMSY and biomass of BMSY (Fig. 6.8.e).

Summed catches in the RAMLDB have constituted only a trivial portion of 
regional landings (Fig. 6.8.f), as the only assessed stocks from the region are relatively 
small. Almost no potential yield has been lost from excessive fishing pressure since 
1950 (Fig.  6.8.g), but there could be an increase in yield of around 20  percent if 
currently-underexploited stocks could be fully exploited (Fig.  6.8.g). Roughly 
30  percent of assessed stocks have been below 0.8 BMSY, the FAO criterion for 
overfished, with the remainder underexploited (Fig. 6.8.h). In terms of summed MSY, 
only about 10-20 percent of MSY-weighted stocks are in the less than 0.8 BMSY bin, 
with the remainder in the greater than 1.2 BMSY bin (Fig. 6.8.i).
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6.8.3 Policy and management implications
Stocks in the region have widely varying Fisheries Management Index (FMI) scores 
(Fig. 6.8.j,k). These ‘FMI stocks’ have stock status index values that also vary widely, 
with many values near 0 but others at intermediate or high levels (Fig.  6.8.j). Very 
few corresponding ‘assessment stocks’ had available U/UMSY estimates in recent years 
(Fig. 6.8.k).

In summary, this region is characterized by a very low proportion of assessed stocks; 
the assessed stocks from Australia have gradually developed over several decades, 
with mean fishing pressure increasing but remaining below UMSY, and mean biomass 
declining but remaining above BMSY. Considering assessed stocks, there is considerable 
potential for increasing yield by increasing exploitation of currently under-exploited 
stocks. Of the total FAO landings in this region, nearly 99.9 percent are derived from 
unassessed or not-recently-assessed stocks.

TABLE 6.8
Summary of data included in analysis of stock status and management for FAO Major Fishing 
Area 57, separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 5 939 528

India 1 401 369

Indonesia 1 273 324

Myanmar  1 139 586 

Malaysia  706 198 

Bangladesh  605 648 

Thailand 387 046

Sri Lanka 313 557

RAMLDB 7 655 7 (2)

Australia 7 655 7 (2)

FMI 3 571 064 70 51

Myanmar  1 150 928 4 6

India  685 110 18 13

Bangladesh  609 645 8 6

Malaysia  502 723 11 7

Sri Lanka  268 590 5 3

Indonesia  204 509 6 6

Australia  77 661 17 9

Thailand  71 898 1 1
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FIGURE 6.8
Regional overview of stock status for FAO Major Fishing Area 57. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.
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6.9 FAO MAJOR FISHING AREA 61—PACIFIC, NORTHWEST
FAO Major Fishing Area 61 encompasses the Pacific coast of East Asia, including the 
Russian Federation, Japan, China, the Korean peninsula, and northern Vietnam. Total 
landings in this region average 20.1 million tonnes (mmt) (Table  6.9). The fishery of 
the region is dominated by walleye pollock (Gadus chalcogrammus), Japanese anchovy 
(Engraulis japonicus), Pacific chub mackerel (Scomber japonicus), and largehead hairtail 
(Trichiurus lepturus), all with greater than 1 mmt of catch, in addition to large catches 
of several miscellaneous species groups. Over half of the regional landings comes from 
China, with large catches also produced by Japan, the Russian Federation, and the 
Republic of Korea. Apart from 3 Russian pollock stocks, all individual RAMLDB stocks 
from this region are from Japan.

6.9.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  82 stocks with recent catch tonnage time series;
 Ŋ  41 stocks with recent available estimates of total biomass;
 Ŋ  40 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  40 stocks with estimates of MSY.

•	 MSY for the 40 stocks with available estimates sums to 5.1 million tonnes, which 
is 51 percent greater than the sum of recent catch across the same 40 stocks.

•	 Recent total biomass for the 41 stocks with available estimates sums to 
24.7 million tonnes, which represents an overall regional annual exploitation rate 
of 14 percent when compared to recent catch summed across the same 41 stocks.

•	 Recent catch summed across the 82 stocks constitutes 18 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 140 stocks, constituting 98 percent of regional 
total FAO landings.

6.9.2 Status and trends
For assessed stocks, this region has been characterized by mean fishing pressure that 
increased above UMSY until the 1990s after which they decreased towards UMSY, and mean 
biomass that has remained below BMSY throughout this period (Fig.  6.9.a,b). Catches 
in the region have gradually declined since the late 1970s (Fig. 6.9.c). Currently, mean 
biomass is roughly 0.8 BMSY (Fig. 6.9.a) and mean fishing pressure is just below UMSY 
(Fig. 6.9.b). Most of the large stocks in this region have relatively low fishing pressure, 
some also with low biomass while others have high relative biomass (Fig. 6.9.d). Several 
stocks, mostly smaller ones, have biomass well below BMSY and fishing pressure well 
above UMSY. Since the 1970s, mean stock status transitioned from the lower left quadrant 
of the ‘Kobe plot’ into the upper left-hand quadrant, with low biomass and high fishing 
pressure, and then back towards the lower right quadrant in recent years (Fig. 6.9.e).

Summed catches in the RAMLDB have constituted only about 20-30  percent of 
regional landings since the 1970s (Fig.  6.9.f), with walleye pollock from the northern 
Sea of Okhotsk and Japanese sardine being the two dominant stocks. The fraction of 
potential yield that has been lost from excessive fishing pressure has declined since the 
mid-1990s from about 20-40  percent to under 10  percent currently (Fig.  6.9.g). Over 
the same period, the fraction of potential yield lost from under-exploitation has slightly 
risen, currently at about 20 percent (Fig. 6.9.g). Roughly 50 percent of stocks have been 
below 0.8 BMSY, the FAO criterion for overfished, while about 30 percent of stocks have 
been underexploited (Fig. 6.9.h). In terms of summed MSY, the fractions shift slightly, 
with about 30  percent of summed MSY below 0.8 BMSY, and 40-45  percent above 
1.2 BMSY (Fig. 6.9.h). 
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6.9.3 Policy and management implications
Stocks in the region have a wide range of Fisheries Management Index (FMI) scores 
(Fig. 6.9.j,k), most at intermediate levels. These ‘FMI stocks’ also have a wide range of 
the stock status index (Fig. 6.9.j). The corresponding ‘assessment stocks’ also have a 
wide range of U/UMSY in recent years (Fig. 6.9.k).

In summary, this region is characterized by a high proportion of unassessed stocks. 
For the assessed stocks, mainly from Japan, fishing pressure had risen to high levels 
by the mid-1990s but have decreased since then, and biomass has responded with a 
slight increase. For assessed stocks, there is only modest potential for increasing overall 
yield, mainly by increasing exploitation of currently-underexploited stocks. Several 
stocks remain overfished and are of management concern; also, some of these are 
still undergoing overfishing. Of the total FAO landings in this region, 72 percent are 
derived from unassessed or not-recently-assessed stocks.

TABLE 6.9
Summary of data included in analysis of stock status and management for FAO Major Fishing 
Area 61, separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 20 112 093

China 12 592 822

Japan 2 921 110

Russian Federation 2 900 783

Republic of Korea 973 225

RAMLDB 3 691 212 82 (40)

Japan 2 483 112 79 (37)

Russian Federation 1 208 100 3 (3)

FMI 19 883 545 140 52

China 12 991 437 40 17

Japan 2 884 920 36 9

Russian Federation 2 721 795 19 6

Republic of Korea 861 226 26 9

Taiwan Province of China 318 307 17 8

China, Hong Kong SAR 105 860 2 3
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FIGURE 6.9
Regional overview of stock status for FAO Major Fishing Area 61. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.
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6.10 FAO MAJOR FISHING AREA 67—PACIFIC, NORTHEAST
FAO Major Fishing Area 67 encompasses Alaska, Washington, Oregon, and northern 
California (United States of America) as well as British Columbia (Canada). Total 
landings in this region average 3.1 million tonnes (mmt) annually (Table  6.10). The 
fishery of the region is dominated by Alaska pollock (Gadus chalcogrammus, 1.5 mmt), 
Pacific cod (Gadus macrocephalus, 0.3 mmt), North Pacific hake (Merluccius productus, 
0.3 mmt), and pink salmon (Oncorhynchus gorbuscha, 0.2 mmt). Almost all the regional 
landings come from Alaskan stocks, with western Canadian stocks constituting only 
5  percent of the total landings. However, one third of individual RAMLDB stocks 
from this region are from western Canada.

6.10.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  100 stocks with recent catch tonnage time series;
 Ŋ  84 stocks with recent available estimates of total biomass;
 Ŋ  88 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  82 stocks with estimates of MSY.

•	 MSY for the 82 stocks with available estimates sums to 3.1 million tonnes, 
which is 23  percent greater than the sum of recent catch across the same 
82 stocks.

•	 Recent total biomass for the 84 stocks with available estimates sums to 
29.2 million tonnes, which represents an overall regional annual exploitation 
rate of 9  percent when compared to recent catch summed across the same 
84 stocks.

•	 Recent catch summed across the 100 stocks constitutes 80 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 41 stocks, constituting 93 percent of regional 
total FAO landings.

6.10.2 Status and trends
For assessed stocks, this region has been characterized by fishing pressure well below 
UMSY and biomass on average well above BMSY (Fig. 6.10.a,b). Catches in the region 
have declined considerably since the late 1990s (Fig.  6.10.c) as fishing pressure has 
decreased (Fig. 6.10.b). Currently, mean biomass is roughly 1.5 BMSY (Fig. 6.10.a) and 
mean fishing pressure is below 0.5 UMSY (Fig. 6.10.b). Most of the large stocks are at 
high biomass and low fishing pressure (Fig. 6.10.d), but several small stocks are well 
below BMSY and a few small stocks are above UMSY. Mean stock status has remained 
in the lower right-hand quadrant of the ‘Kobe plot’ (Fig. 6.10.e), with high abundance 
and low fishing pressure.

Summed catches in the RAMLDB have constituted most of the regional landings 
since 1980 (Fig. 6.10.f), with walleye pollock from the eastern Bering Sea and Pacific 
hake from the Pacific coast of the United States of America and Canada being the two 
dominant stocks. Almost no potential yield has been lost from excessive fishing pressure 
since 1980 (Fig. 6.10.g), but there could be an increase in yield of almost 40 percent if 
all stocks could be fully exploited (Fig.  6.10.g). Roughly 20  percent of the stocks 
have been below 0.8 BMSY, the FAO criterion for overfished, while over 50  percent 
of the stocks have been underexploited (Fig.  6.10.h). A small fraction of stocks has 
been between 0.8-1.2 BMSY, in FAO’s range of ‘maximally sustainably fished’ status 
(Fig. 6.10.h). The fraction of total catch coming from stocks in each biomass category 
(Fig. 6.10.i) is dominated by eastern Bering Sea walleye pollock, which dropped below 
0.8 BMSY in the 1970s, and has been above 1.2 BMSY most years since then.
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6.10.3 Policy and management implications
Most stocks in the region have high Fisheries Management Index (FMI) scores 
(Fig.  6.10.j,k). These ‘FMI stocks’ also have high values of the stock status index 
(Fig. 6.10.j) and most corresponding ‘assessment stocks’ have low relative U/UMSY in 
recent years (Fig. 6.10.k).

In summary, this region is characterized by generally cautious management and 
high relative biomass. The only significant potential for increasing overall yield is to 
increase exploitation of currently-underexploited stocks. Nevertheless, some smaller 
stocks remain overfished and are of management concern. Of the total FAO landings 
in this region, 20 percent are derived from unassessed or not-recently-assessed stocks.

TABLE 6.10
Summary of data included in analysis of stock status and management for FAO Major Fishing 
Area 67, separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 3 190 154

United States of America  3 014 139 

Canada  166 713 

RAMLDB 2 561 013 100 (88)

United States of America 2 512 687 64 (61)

Canada 48 326 36 (27)

FMI 2 982 217 41 23

United States of America 2 884 259 30 16

Canada 97 958 11 7
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FIGURE 6.10
Regional overview of stock status for FAO Major Fishing Area 67. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.
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6.11 FAO MAJOR FISHING AREA 77—PACIFIC, EASTERN CENTRAL
FAO Major Fishing Area 77 encompasses the Pacific coast of southern California 
(United States of America), Mexico, and Central America. Total landings in this region 
average 1.2 million tonnes (mmt) annually (Table 6.11). Aside from tuna species, the 
fishery of the region is dominated by Pacific thread herring (Opisthonema libertate, 
0.3 mmt), California pilchard (Sardinops caeruleus, 0.1 mmt), and Pacific anchoveta 
(Cetengraulis mysticetus, 0.1 mmt). Almost all regional landings come from Mexico 
(80 percent), but all individual RAMLDB stocks from this region are from the United 
States of America.

6.11.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  14 stocks with recent catch tonnage time series;
 Ŋ  13 stocks with recent available estimates of total biomass;
 Ŋ  12 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  13 stocks with estimates of MSY.

•	 MSY for the 13 stocks with available estimates sums to 0.04 million tonnes, 
which is 327  percent greater than the sum of recent catch across the same 
13 stocks.

•	 Recent total biomass for the 13 stocks with available estimates sums to 
0.29 million tonnes, which represents an overall regional annual exploitation 
rate of 4  percent when compared to recent catch summed across the same 
13 stocks.

•	 Recent catch summed across the 14 stocks constitutes 27 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 40 stocks, constituting 95 percent of regional 
total FAO landings.

6.11.2 Status and trends
For assessed stocks from California, this region has been characterized by fishing 
pressure that increased to high levels between the mid-1970s to mid-1990s and have 
been sharply reduced since then; and by biomass that declined to below BMSY but that 
has since increased to above BMSY (Fig. 6.11.a,b). Catches in the region were relatively 
high in the 1970s and 1980s, but then declined and have remained low since the 
mid-2000s (Fig. 6.11.c). Currently, mean biomass is just above BMSY (Fig. 6.11.a) and 
mean fishing pressure is about 0.2 UMSY (Fig. 6.11.b). Assessed stocks in this region are 
all small; most have low fishing pressure, some of which also have low biomass (less 
than BMSY) while others have high biomass (greater than BMSY; Fig. 6.11.d). Mean stock 
status began and has returned to the lower right-hand quadrant of the ‘Kobe plot’ 
with high abundance and low fishing pressure, but in intermediate years transitioned 
through the other three quadrants (Fig. 6.11.e).

Summed catches in the RAMLDB have constituted a small fraction of regional 
landings since 1970 (Fig.  6.11.f), with Pacific sardine and blue shark being the two 
dominant stocks. The potential yield lost from excessive fishing pressure has been 
extremely variable, ranging from 10 percent to over 90 percent since 2000 (Fig. 6.11.g). 
The potential yield lost from under-exploitation has ranged from about 5-15 percent 
in that period, but was also highly variable for the several decades prior (Fig. 6.11.g). 
Roughly 30-45  percent of stocks have been below 0.8 BMSY, the FAO criterion for 
overfished, while 35-50  percent of stocks have been underexploited (Fig.  6.11.h). In 
terms of summed MSY, most stocks have been greater than 1.2 BMSY, in FAO’s range 
of ‘maximally sustainably fished’ status (Fig. 6.11.h).
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6.11.3 Policy and management implications
Stocks in the region have a wide range of Fisheries Management Index (FMI) scores 
(Fig. 6.11.j,k) and a wide range of stock status index values, some with values near 0 
(Fig. 6.11.j). Corresponding ‘assessment stocks’ generally have low relative U/UMSY in 
recent years (Fig. 6.11.k).

In summary, this region is currently characterized by cautious management and 
high relative biomass after earlier decades of overexploitation. The estimated potential 
for increasing overall yield has been unclear due to large changes in recent years, 
although assessed stocks tend to be underexploited. Of the total FAO landings in this 
region, 73 percent are derived from unassessed or not-recently-assessed stocks.

TABLE 6.11
Summary of data included in analysis of stock status and management for FAO Major Fishing 
Area 77, separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 1 256 555

Mexico 1 002 043

United States of America 106 944 

Panama 80 386

RAMLDB 11 634 13 (12)

United States of America 11 634 13 (12)

FMI 1 196 243 40 37

Mexico 1 042 450 37 32

United States of America 153 793 3 5
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FIGURE 6.11
Regional overview of stock status for FAO Major Fishing Area 77. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.
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6.12 FAO MAJOR FISHING AREA 81—PACIFIC, SOUTHWEST
FAO Major Fishing Area 81 encompasses New Zealand and the southeast coast of 
Australia. Total landings in this region average 0.5 million tonnes (mmt) annually 
(Table  6.12). The fishery of the region is dominated by hoki, or blue grenadier 
(Macruronus novaezelandiae), with 0.15 mmt of annual landings. Almost all the 
regional landings come from New Zealand stocks (82 percent). Individual RAMLDB 
stocks from this region are mostly from New Zealand, with several others from 
Australia.

6.12.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  44 stocks with recent catch tonnage time series;
 Ŋ  44 stocks with recent available estimates of total biomass;
 Ŋ  46 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  44 stocks with estimates of MSY.

•	 MSY for the 44 stocks with available estimates sums to 0.3 million tonnes, 
which is 32  percent greater than the sum of recent catch across the same 
44 stocks.

•	 Recent total biomass for the 44 stocks with available estimates sums to 
2.1  million tonnes, which represents an overall regional annual exploitation 
rate of 11 percent when compared to recent catch summed across the same 44 
stocks.

•	 Recent catch summed across the 44 stocks constitutes 46 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 29 stocks, constituting 68 percent of regional 
total FAO landings.

6.12.2 Status and trends
For assessed stocks, this region has been characterized by fishing pressure well below 
UMSY and biomass on average near or above BMSY (Fig. 6.12.a,b). Catches in the region 
increased from 1970 to the mid-1990s, and have declined since 2000 (Fig.  6.12.c). 
Currently, mean biomass is roughly 1.2 BMSY (Fig. 6.12.a) and mean fishing pressure 
is about 0.5 UMSY (Fig. 6.12.b). Most of the large stocks are at high biomass and low 
fishing pressure (Fig. 6.12.d), but several small stocks are well below BMSY including 
some that have fishing pressure above UMSY. Mean stock status has remained in the 
lower right-hand quadrant of the ‘Kobe plot’ (Fig. 6.12.e), with high abundance and 
low fishing pressure.

Summed catches in the RAMLDB have constituted about half of the regional 
landings since 1980 (Fig.  6.12.f), with two New Zealand hoki stocks being the two 
dominant stocks. Only about 5 percent of potential yield has been lost from excessive 
fishing pressure since the mid-1990s (Fig.  6.12.g), but there could be an increase in 
yield of about 15-40 percent if all stocks could be fully exploited (Fig. 6.12.g). Roughly 
25  percent of stocks have been below 0.8 BMSY, the FAO criterion for overfished, 
while about 40 percent of the stocks have been underexploited (Fig. 6.12.h). In terms 
of summed MSY, the fractions are dominated by the hoki stock crossing biomass 
threshold of 0.8 and 1.2; since 2000 less than 10 percent of the summed MSY has come 
from stocks below 0.8 BMSY, with 40-50 percent coming from stocks above 1.2 BMSY 
(Fig. 6.12.i).
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6.12.3 Policy and management implications
Most stocks in the region have high Fisheries Management Index (FMI) scores 
(Fig. 6.12.j,k). Most of these ‘FMI stocks’ also have high values of the stock status index, 
but there are still a few with low or intermediate values (Fig. 6.12.j). Most corresponding 
‘assessment stocks’ have low relative U/UMSY in recent years (Fig. 6.12.k).

In summary, this region is characterized by generally cautious management 
and biomass that declined towards BMSY and is currently increasing. There is 
significant potential for increasing overall yield by increasing exploitation of 
currently-underexploited stocks. Nevertheless, a few smaller stocks remain overfished 
and are of management concern. Of the total FAO landings in this region, 54 percent 
are derived from unassessed or not-recently-assessed stocks.

TABLE 6.12
Summary of data included in analysis of stock status and management for FAO Major Fishing 
Area 81, separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 504 589

New Zealand 414 609

Ukraine 43 546

Republic of Korea 18 037

Australia 14 139

RAMLDB 236 074 44 (46)

New Zealand 231 466 36 (37)

Australia 4 608  8 (9)

FMI 343 906 29 10

New Zealand 340 044 26 7

Australia 3 863 3 3
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FIGURE 6.12
Regional overview of stock status for FAO Major Fishing Area 81. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.
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6.13 FAO MAJOR FISHING AREA 87—PACIFIC, SOUTHEAST
FAO Major Fishing Area 87 encompasses the Pacific coast of South America. Total 
landings in this region average 6.8 million tonnes (mmt) annually (Table  6.13). The 
fishery of the region is dominated by Peruvian anchoveta (Engraulis ringens, 4.0 mmt), 
followed by Jumbo flying squid (Dosidicus gigas, 0.9 mmt), Chilean jack mackerel 
(Trachurus murphyi, 0.4 mmt), Araucanian herring (Strangomera bentincki, 0.4 mmt), 
and Pacific chub mackerel (Scomber japonicus, 0.2 mmt). Almost all the regional 
landings come from Peru (63  percent) and Chile (27  percent). Almost all individual 
RAMLDB stocks from this region are from Chile; the only assessed stock from Peru 
is North-central Peruvian anchoveta.

6.13.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  26 stocks with recent catch tonnage time series;
 Ŋ  26 stocks with recent available estimates of total biomass;
 Ŋ  26 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  18 stocks with estimates of MSY.

•	 MSY for the 18 stocks with available estimates sums to 9.5 million tonnes, which 
is 118 percent greater than the sum of recent catch across the same 18 stocks.

•	 Recent total biomass for the 26 stocks with available estimates sums to 
29.0 million tonnes, which represents an overall regional annual exploitation rate 
of 19 percent when compared to recent catch summed across the same 26 stocks.

•	 Recent catch summed across the 26 stocks constitutes 82 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 50 stocks, constituting 93 percent of regional 
total FAO landings.

6.13.2 Status and trends
For assessed stocks, this region has been characterized by a sharp increase in fishing 
pressure between 1980 and the late 1990s, and a sharp decline since 2000, along with 
mean biomass that has declined gradually throughout this period (Fig.  6.13.a,b). 
Catches in the region have declined considerably since the mid-1990s (Fig. 6.13.c) as 
fishing pressure decreased (Fig. 6.13.b). Currently, mean biomass is roughly 0.75 BMSY 
(Fig. 6.13.a) and mean fishing pressure is just below UMSY (Fig. 6.13.b). Most of the 
individual stocks have low fishing pressure, but some stocks have high fishing pressure 
(Fig. 6.13.d). Mean stock status began in the lower right-hand quadrant of the ‘Kobe 
plot’ (Fig. 6.13.e), transitioned through the upper right and upper left quadrants while 
fishing pressure was high, and is currently on the edge of the lower left quadrant with 
low abundance and fishing pressure near UMSY.

Summed catches in the RAMLDB have constituted most of the regional landings 
since 1960 (Fig.  6.13.f), with Peruvian anchoveta and Chilean jack mackerel being 
the two dominant stocks. The potential yield lost from excessive fishing pressure 
has varied considerably, around 40 percent for most years since the 1990s, dropping 
to low levels in the last few years (Fig. 6.13.g). In recent years there has been only a 
small potential for increase in yield by fishing some stocks harder; about 5-10 percent 
(Fig. 6.13.g). Roughly 50 percent of the stocks have been below 0.8 BMSY, the FAO 
criterion for overfished, while in the last decade most of the remaining stocks have 
been underexploited (Fig.  6.13.h). In terms of summed MSY, the fractions over 
time in biomass bins have been sensitive to Peruvian anchoveta crossing the 0.8 and 
1.2  thresholds. Currently, about half of the summed MSY has biomass less than 
0.8 BMSY while the other half has biomass greater than 1.2 BMSY (Fig. 6.13.i).
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6.13.3 Policy and management implications
Stocks in the region have a wide range of Fisheries Management Index (FMI) scores 
(Fig. 6.13.j,k). These ‘FMI stocks’ also have a wide range of stock status index values 
(Fig.  6.13.j). Most corresponding ‘assessment stocks’ have low relative U/UMSY in 
recent years, although a few have fishing pressure greater than UMSY (Fig. 6.13.k).

In summary, this region is characterized by a sharp change fishing pressure around 
2000, with a rapid increase to levels greater than UMSY before 2000 and a rapid decrease 
since then. Biomass has not changed to the same degree, although with fishing 
pressure now back down near UMSY they may be expected to in coming years. There 
is little significant potential for increasing overall yield from either over-exploited 
or under-exploited stocks. Some stocks remain overfished and are of management 
concern. Of the total FAO landings in this region, only 18 percent are derived from 
unassessed or not-recently-assessed stocks.

TABLE 6.13
Summary of data included in analysis of stock status and management for FAO Major Fishing 
Area 87, separated by country. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 6 856 370

Peru 4 342 534

Chile 1 817 411

China 310 375

Ecuador 284 735

RAMLDB 5 656 304 26 (26)

Chile 3 116 304 25 (25)

Peru 2 540 000 1 (1)

FMI 6 436 729 50 41

Peru 4 351 433 21 13

Chile 1 767 179 26 25

China 309 526 2 1

Taiwan Province of China 8 591 1 2
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FIGURE 6.13
Regional overview of stock status for FAO Major Fishing Area 87. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.

6. Regional trends in status of assessed stocks from the RAM Legacy Stock Assessment Database 
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6.14 ATLANTIC OCEAN TUNAS
The Atlantic Ocean aggregated region of highly-migratory species comprises tuna 
and related species in FAO regions 21, 27, 31, 34, 37, 41, 47, and 48. Total landings in 
this region average 0.7 million tonnes (mmt) annually (Table 6.14). The tuna fishery of 
the region is dominated by skipjack tuna (Katsuwonus pelamis, 0.25 mmt), yellowfin 
tuna (Thunnus albacares, 0.12 mmt), bigeye tuna (Thunnus obesus, 0.08 mmt), and 
albacore (Thunnus alalunga, 0.05 mmt). Regional landings for large tunas and billfishes 
come from a range of countries including Spain (19 percent) and Ghana (11 percent). 
Individual RAMLDB stocks are assessed at the level of tRFMOs, by ICCAT, rather 
than by countries.

6.14.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  12 stocks with recent catch tonnage time series;
 Ŋ  12 stocks with recent available estimates of total biomass;
 Ŋ  12 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  12 stocks with estimates of MSY.

•	 MSY for the 12 stocks with available estimates sums to 0.3 million tonnes, 
which is 33  percent greater than the sum of recent catch across the same 
12 stocks.

•	 Recent total biomass for the 12 stocks with available estimates sums to 
4.5 million tonnes, which represents an overall regional annual exploitation rate 
of 7 percent when compared to recent catch summed across the same 12 stocks.

•	 Recent catch summed across the 12 stocks constitutes 43 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 10 stocks, constituting 73 percent of regional 
total FAO landings.

6.14.2 Status and trends
For assessed stocks, this region has been characterized by fishing pressure that 
increased since 1970, continued increasing past UMSY in the 1990s, and began to decline 
in the mid-2000s. During this time biomass declined, fell below BMSY in the late 1990s, 
and began to increase in the mid-2000s (Fig. 6.14.a,b). Catches in the region followed 
the same pattern as fishing pressure (Fig. 6.14.c). Currently, mean biomass is just above 
BMSY (Fig.  6.14.a) and mean fishing pressure is just below UMSY (Fig.  6.14.b). Most 
stocks are near UMSY and BMSY levels, although some still have high fishing pressure 
and/or low biomass such as sailfish stocks (Fig. 6.14.d). Mean stock status began in the 
lower right-hand quadrant of the ‘Kobe plot’ with high abundance and low fishing 
pressure (Fig. 6.14.e), transitioned slightly though upper right and upper left quadrants, 
and is currently near the intersection of B/BMSY = 1 and U/UMSY = 1.

Summed catches in the RAMLDB have constituted most of the regional landings 
since 1950 (Fig.  6.14.f), with eastern Atlantic skipjack tuna and Atlantic yellowfin 
tuna being the two dominant stocks. In the last couple decades, about 5-20 percent of 
potential yield has been lost from excessive fishing pressure (Fig. 6.14.g), and in the 
last few years another 10 percent of potential yield has been lost from underexploiting 
some stocks; however, most of the potential yield in the region is realized (Fig. 6.14.g). 
Roughly 20  percent of the stocks are now below 0.8 BMSY, decreasing from almost 
50 percent a decade ago, with about 40 percent of remaining stocks in the greater than 
1.2 BMSY bin and the remaining 40 percent between 0.8-1.2 BMSY (Fig. 6.14.h). In terms 
of summed MSY, a greater proportion of summed MSY is in the range of ‘maximally 
sustainably fished’ status (Fig. 6.14.i).
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6.14.3 Policy and management implications
Most stocks in the region have intermediate-to-high Fisheries Management Index 
(FMI) scores (Fig. 6.14.j,k). These ‘FMI stocks’ tend to also have intermediate-to-high 
values of the stock status index (Fig. 6.14.j). Most corresponding ‘assessment stocks’ 
have low relative U/UMSY in recent years (Fig. 6.14.k).

In summary, this region is characterized by increasing fishing pressure until about 
2000 after which they decreased back towards UMSY, and biomass that similarly 
reversed trends and is now near BMSY. There is little potential for increasing overall 
yield in this region, though a few stocks remain overfished or undergoing overfishing. 
Of the total FAO landings in this region, 57 percent are derived from unassessed or 
not-recently-assessed stocks.

TABLE 6.14
Summary of data included in analysis of stock status and management for Atlantic Ocean 
tunas, separated by country or by tRFMO. See extended footnotes in Appendix 2 for further 
details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 681 284

Spain 117 707

Ghana 81 606

France 53 136

Brazil 48 129

Curaçao 30 711

Taiwan Province of China 25 188

Cabo Verde 24 411

Japan 22 748

Senegal 22 231

Turkey 19 115

RAMLDB 298 854 12 (12)

FMI 496 589 10 9

ICCAT 496 589 10 9
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FIGURE 6.14
Regional overview of stock status for Atlantic Ocean tunas. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.

6. Regional trends in status of assessed stocks from the RAM Legacy Stock Assessment Database 
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6.15 INDIAN OCEAN TUNAS
The Indian Ocean aggregated region of highly-migratory species comprises tuna and 
related species in FAO regions 51, 57, and 58 (and includes southern bluefin tuna). 
Total landings in this region average 1.7 million tonnes (mmt) annually (Table 6.15). 
The fishery of the region is dominated by skipjack tuna (Katsuwonus pelamis, 0.5 mmt) 
and yellowfin tuna (Thunnus albacares, 0.4 mmt). Regional landings come from a 
range of countries including Indonesia (20 percent) and the Islamic Republic of Iran 
(14  percent). Individual RAMLDB stocks are assessed at the level of tRFMOs, by 
IOTC and CCSBT, rather than by countries.

6.15.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  9 stocks with recent catch tonnage time series;
 Ŋ  9 stocks with recent available estimates of total biomass;
 Ŋ  9 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  9 stocks with estimates of MSY.

•	 MSY for the 9 stocks with available estimates sums to 1.1 million tonnes, which 
is 5 percent greater than the sum of recent catch across the same 9 stocks.

•	 Recent total biomass for the 9 stocks with available estimates sums to 
6.0 million tonnes, which represents an overall regional annual exploitation rate 
of 18 percent when compared to recent catch summed across the same 9 stocks.

•	 Recent catch summed across the 9 stocks constitutes 63  percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 11 stocks, constituting 90 percent of regional 
total FAO landings.

6.15.2 Status and trends
For assessed stocks, this region has been characterized by a gradual increase in fishing 
pressure towards UMSY and a simultaneous gradual decrease in biomass towards BMSY, 
which generally stabilized over the last few years (Fig. 6.15.a,b). Catches in the region 
increased from about 1970-2000 after which they have remained relatively constant 
(Fig.  6.15.c). Currently, mean biomass is roughly 1.1 BMSY (Fig.  6.15.a) and mean 
fishing pressure is about 0.9 UMSY (Fig.  6.15.b). Most of the large stocks are near 
UMSY and BMSY (Fig. 6.15.d). Mean stock status has remained in the lower right-hand 
quadrant of the ‘Kobe plot’ (Fig. 6.15.e), with high abundance and low fishing pressure, 
gradually approaching UMSY and BMSY.

Summed catches in the RAMLDB have constituted most of the regional landings 
between 1950-2000 (Fig. 6.15.f), though have accounted for less of the regional catch 
in the last decade as some stock assessments have fallen out of date. Indian Ocean 
skipjack tuna and yellowfin tuna are the two dominant stocks. Almost no potential 
yield has been lost from excessive fishing pressure (Fig. 6.15.g), and currently almost 
no potential yield is lost from underexploiting stocks (Fig. 6.15.g). Roughly 20 percent 
of stocks have been below 0.8 BMSY, the FAO criterion for overfished, while about 
25-30 percent of the stocks have been underexploited (Fig. 6.15.h), with the remainder 
between 0.8-1.2 BMSY. In terms of summed MSY, almost all the summed MSY comes 
from the 0.8-1.2 BMSY bin (Fig. 6.15.i), as a result of the two dominant stocks being in 
this range. 
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6.15.3 Policy and management implications
Stocks in the region have a wide range of Fisheries Management Index (FMI) scores 
(Fig.  6.15.j,k). These ‘FMI stocks’ also have a wide range of stock status index 
values, with most stocks having values near 0 (Fig. 6.15.j). Almost all corresponding 
‘assessment stocks’ have U/UMSY values near 1 in recent years (Fig. 6.15.k).

In summary, this region is characterized by developing fishery trends of increasing 
fishing pressure and decreasing biomass, neither of which have yet surpassed 
MSY-based reference points on average. There is little potential for increasing overall 
yield in this region, and most stocks are near UMSY and BMSY. Of the total FAO landings 
in this region, 37 percent are derived from unassessed or not-recently-assessed stocks.

TABLE 6.15
Summary of data included in analysis of stock status and management for Indian Ocean tunas, 
separated by country or by tRFMO. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 1 724 579

Indonesia 349 535

Iran (Islamic Republic of) 239 545

India 167 924

Spain 142 543

Maldives 128 217

Sri Lanka 122 210

Seychelles 98 071

Pakistan 65 956

Taiwan Province of China 63 972

France 57 822

RAMLDB 1 101 790 9 (9)

FMI 1 560 672 11 20

IOTC 1 447 246 10 9

CCSBT 113 426 1 11
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FIGURE 6.15
Regional overview of stock status for Indian Ocean tunas. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.

6. Regional trends in status of assessed stocks from the RAM Legacy Stock Assessment Database 
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6.16 PACIFIC OCEAN TUNAS
The Pacific Ocean aggregated region of highly-migratory species comprises tuna and 
related species in FAO regions 61, 67, 71, 77, 81, 87, and 88. Total landings in this 
region average 5.2 million tonnes (mmt) annually (Table 6.16). The tuna fishery of 
the region is dominated by skipjack tuna (Katsuwonus pelamis, 2.2 mmt), yellowfin 
tuna (Thunnus albacares, 0.9 mmt), bigeye tuna (Thunnus obesus, 0.2 mmt), and 
kawakawa (Euthynnus affinis, 0.2 mmt). Regional landings come from a range 
of countries including Indonesia (19  percent) and China (11  percent). Individual 
RAMLDB stocks are assessed at the level of tRFMOs, either by IATTC or WCPFC, 
rather than by countries.

6.16.1 Basic statistics

•	 Stock counts in RAMLDB for this region are:
 Ŋ  14 stocks with recent catch tonnage time series;
 Ŋ  14 stocks with recent available estimates of total biomass;
 Ŋ  14 stocks with recent available estimates of B/BMSY and/or U/UMSY;
 Ŋ  14 stocks with estimates of MSY.

•	 MSY for the 14 stocks with available estimates sums to 2.3 million tonnes, 
which is 23 percent less than the sum of recent catch across the same 14 stocks.

•	 Recent total biomass for the 14 stocks with available estimates sums to 
18.3 million tonnes, which represents an overall regional annual exploitation 
rate of 17  percent when compared to recent catch summed across the same 
14 stocks.

•	 Recent catch summed across the 14 stocks constitutes 59 percent of regional 
total FAO landings.

•	 FMI surveys were conducted for 20 stocks, constituting 66 percent of regional 
total FAO landings.

6.16.2 Status and trends
For assessed stocks, this region has been characterized by a gradual increase in fishing 
pressure towards UMSY and a simultaneous gradual decrease in biomass towards BMSY 
(Fig.  6.16.a,b). Catches in the region increased from 1970 until the mid-2000s, after 
which they have remained relatively constant (Fig. 6.16.c). Currently, mean biomass is 
roughly 1.3 BMSY (Fig. 6.16.a) and mean fishing pressure is about 0.8 UMSY (Fig. 6.16.b). 
Most stocks, both large and small, have fishing pressure and high abundance, although 
a few small stocks have high fishing pressure and low biomass (Fig. 6.16.d). Mean stock 
status has remained in the lower right-hand quadrant of the ‘Kobe plot’ (Fig. 6.16.e), 
with high abundance and low fishing pressure.

Summed catches in the RAMLDB have constituted most of the regional landings 
since 1950 (Fig.  6.16.f), with central western Pacific stocks of skipjack tuna and 
yellowfin tuna as the two dominant stocks. Almost no potential yield has been lost 
from excessive fishing pressure since 1990 (Fig. 6.16.g), and the fraction of potential 
yield lost from under-exploitation has been declining over several decades, currently 
at about 10 percent (Fig. 6.16.g). Roughly 15 percent of the stocks have been below 
0.8 BMSY, the FAO criterion for overfished, while over 50 percent of stocks have been 
underexploited (Fig. 6.16.h). In terms of summed MSY, about 80 percent of summed 
MSY has been in this underexploited bin of less than 0.8 BMSY (Fig. 6.16.i).
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6.16.3 Policy and management implications
Most stocks in the region have intermediate Fisheries Management Index (FMI) scores 
(Fig. 6.16.j,k). These ‘FMI stocks’ have a wide range of values of the stock status index 
(Fig. 6.16.j). Most of the corresponding ‘assessment stocks’ have U/UMSY values just 
below 1 in recent years (Fig. 6.16.k).

In summary, this region is characterized by developing fishery trends of increasing 
fishing pressure and decreasing biomass, neither of which have yet neared MSY-based 
reference points on average. There is only minor potential for increasing overall yield 
in this region, by increasing exploitation on currently-underexploited stocks. Of the 
total FAO landings in this region, 37  percent are derived from unassessed or not-
recently-assessed stocks.

TABLE 6.16
Summary of data included in analysis of stock status and management for Pacific Ocean tunas, 
separated by country or by tRFMO. See extended footnotes in Appendix 2 for further details.

Dataset a Country b Summed catch (t) c Number of stocks d Number of FMI 
surveys e

FAO 5 212 087

Indonesia 985 131

China 558 423

Philippines 424 206

Japan 404 074

Ecuador 358 740

Republic of Korea 337 104

Viet Nam 317 272

Taiwan Province of China 284 925

United States of America 260 577

Papua New Guinea 248 343

RAMLDB 3 123 570 14 (14)

FMI 3 418 317 20 24

IATTC 969 944 10 9

WCPFC 2 448 373 10 15
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FIGURE 6.16
Regional overview of stock status for Pacific Ocean tunas. 
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(a) regional trend in relative biomass (B/BMSY); (b) regional trend in relative fishing pressure (U/UMSY); (c) regional 
trend in catch/mean catch; (d) most recent joint B/BMSY and U/UMSY status of individual stocks in region; (e) regional 
joint trend in B/BMSY and U/UMSY; (f) trend in regional landings by dataset; (g) ‘Goldilocks’ plots of potential overall 
yield; (h,i) proportion of stocks in FAO biomass status categories, with (h) stocks weighted equally, or (i) stocks 
weighted by MSY; (j) relationship between Fisheries Management Index (FMI) of stocks in region and stock status 
index from FMI surveys; (k) relationship between FMI of stocks in region and U/UMSY of corresponding stocks. See 
extended caption in Appendix 1 for further details.
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7. Conclusions - strategies to 
achieve sustainable global fisheries

The data presented in this report demonstrated that where fisheries management is 
being intensely applied (i.e., regulations are set based on outputs of scientific stock 
assessments, and those regulations are enforced), fishing pressure can be maintained 
within sustainable ranges that provide maximum or near-maximum long-term yield. 
This regulation of fishing pressure avoids the depletion of stock abundance below target 
levels, or in cases where stocks do become depleted as a result of either overfishing or 
changing environmental conditions, it generally allows overfished stocks to recover. 
These levels of high, sustainable yield from capture fisheries provide important benefits 
to their countries, including but not limited to food security. However, we also see 
in this report that where fisheries are not being intensely managed, overfishing and 
a resultant reduction of potential benefits are likely to occur. Our understanding 
of stock status varies considerably around the world; in some FAO Major Fishing 
Areas, the vast majority of catch comes from stocks that are scientifically assessed and 
intensively managed (Hilborn et al., 2020), whereas in other areas, there are relatively 
few scientific assessments, the status of stocks is poorly understood, and overall 
management is generally less effective at meeting objectives (Melnychuk et al., 2017). 
These latter regions, predominately in the developing world, are generally of greatest 
concern globally for the conservation of fisheries resources and sustainable provision 
of benefits into the future.

7.1 REGIONAL COMPARISONS WITH FAO SOFIA ESTIMATES
For the regional summaries of stock status shown in Chapter 6, data were drawn 
primarily from stock assessments, with outputs contained in the RAM Legacy Stock 
Assessment Database (RAMLDB), as well from the Fisheries Management Index 
(FMI) survey database. Stock status estimates compiled in RAMLDB are quantitative 
(from stock assessments), while those contained in the FMI measure of stock status are 
qualitative (based on expert opinion). In addition to these datasets, there is another that 
was not included in the regional summaries of Chapter 6 or the worldwide summary 
of Chapter 5. The FAO’s ‘State of World Fisheries and Aquaculture’ (SOFIA) 
assessments have involved monitoring hundreds of individual stocks worldwide for 
several decades. This dataset provides the foundation for the FAO’s categorization of 
stocks into categories of ‘Unsustainable’ (i.e. ‘Overfished’) or ‘Sustainable’, which is 
further divided into categories of ‘Maximally sustainably fished’ and ‘Underfished’ 
(FAO, 2020). In addition to providing the well-known summary plot of ‘Global trends 
in the state of the world’s marine fish stocks’ based on this dataset, FAO also publishes 
similar categorizations by Major Marine Fishing Area. Below, we compare these 
estimates of FAO SOFIA stocks summarized by area with other measures of stock 
status, also summarized by area, which were presented earlier in Chapter 6.

The FAO SOFIA’s basis for categorizations into different categories related to 
sustainability depends on data availability. Where quantitative estimates are available, 
FAO typically uses thresholds to classify ‘Overfished’ as B/BMSY < 0.8, ‘Maximally 
sustainable fished as B/BMSY between 0.8-1.2, and ‘Underfished’ as B/BMSY > 1.2. 
By region, classifications are presented as ‘Biologically unsustainable’ (B/BMSY < 0.8) 
or ‘Biologically sustainable’ (B/BMSY > 0.8). Where quantitative estimates are not 
available, FAO relies on expert opinion to categorize the status of stocks into these 
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categories. As  such, we expect that biomass-related measures of stock status would 
better align with FAO SOFIA classifications than would measures of fishing pressure. 
We considered three quantitative measures of biomass based on data contained in 
RAMLDB, as well as one qualitative measure of stock status based on expert opinion 
from FMI surveys, for comparing with FAO SOFIA estimates. All four of these 
measures were presented in Chapter 6. The first was based on the state-space model 
estimate of regional trends in B/BMSY (panels ‘a’ in Figs. 6.1-6.16), drawing from the 
latest year with an available estimate for each region. The second and third were 
based on categorizing relative biomass of individual stocks into similar categories 
of B/BMSY  < 0.8 or B/BMSY > 0.8, and then summarizing the proportions of stocks 
within each region falling into these categories. One involved equal weighting across 
stocks (panels ‘h’ in Figs. 6.1-6.16) and the other involved weighting stocks by their 
estimated MSY (panels ‘i’ in Figs. 6.1-6.16). For these two measures, we considered 
the most recent year in which coverage of stocks was at least 50 percent for the region 
(see legends and captions for panels ‘h’ and ‘i’ for a description of coverage. The fourth 
measure, a qualitative mean stock status index, was based on expert opinion gathered 
with FMI surveys (panels ‘j’ in Figs. 6.1-6.16). 

The four measures of stock status presented earlier in Chapter 6 were positively 
correlated with FAO SOFIA categorizations of biologically sustainable versus 
unsustainable when summarized at the regional level (Fig.  7.1). The relationships 
were generally stronger for the three quantitative, biomass-related measures of stock 
status (Fig.  7.1.a-c) than for the qualitative index of stock status, which had only a 
weak correlation of r = 0.28 (Fig. 7.1.d). These correlations should be expected, given 
that they are often based on the same data. Where possible, the FAO sustainability 
categorizations are based on quantitative stock assessments, therefore for many stocks 
these would be the same outputs that are contained in RAMLDB. However, the closest 
expected match with FAO sustainability categorizations was for categorizations that 
used the same thresholds and used equal weighting of stocks (Fig.  7.1.b), but this 
relationship only shared a correlation of r = 0.47 with FAO SOFIA categorizations. 
Stronger correlations were observed when stocks in a region were weighted by MSY 
instead of weighted equally (r = 0.68, Fig. 7.1.c) and between regional mean B/BMSY and 
the FAO SOFIA categorizations (r = 0.71, Fig. 7.1.a). The SOFIA stocks that FAO 
monitors tend to be larger ones in each area, which explains the higher correlation with 
our MSY-weighted proportions of stocks. Future work could involve looking further 
into these regional summaries to conduct more detailed comparisons at the stock level. 

7.2 CONSIDERATIONS BEYOND STOCK STATUS OF TARGET SPECIES
This report focused only on the biological status of assessed fish and invertebrate 
stocks, and to some extent on their management. We did not present any data on the 
economic and social performance of fisheries. While it is often assumed that stocks in 
poor biological condition are of necessity not providing major economic and social 
benefits, this is not necessarily the case. Anderson et al. (2015) have demonstrated 
cases where good social and economic performance may come from stocks that are 
overfished. Szuwalski et al. (2016) showed that that food production in Chinese waters 
has been higher than expected based on levels of species depletion, likely the result of 
changes in the species age compositions and the structure of food webs. Nevertheless, 
Sustainable Development Goal 14.4 is a mandate to manage fish stocks in a biologically 
healthy condition, and our results here showed that achieving this objective generally 
requires an effective fisheries management system.

In this report, we also found instances where intense fisheries management had 
succeeded in reducing fishing mortality rates, but fish stocks have been very slow 
to recover or have not yet begun to recover. This was most obvious in FAO Major 
Fishing Area 21, the northwest Atlantic, where both Canadian and United States 
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of America stocks have remained at low abundance on average despite widespread 
reductions in fishing pressure. This is both a concern and a scientific puzzle—the 
associated government agencies are seeking to understand the underlying reasons 
which may include trophic changes in the marine ecosystems.

This report focused extensively on measures of biological stock status: estimated 
biomass relative to target reference points for biomass, and estimated fishing pressure 
relative to target reference points for fishing pressure. These ratios of stock status allow for 
showing changes over time in the current state (in the numerators of the ratios). However, 
they generally assume that the reference points, or benchmarks intended for comparison 

FIGURE 7.1
Comparison of regional mean stock status estimates from different datasets. 

Data points represent 16 individual FAO Major Marine Fishing Areas or ocean basins for tuna stocks, those listed 
in sections 6.1‑6.16. Four estimates (a‑d, along vertical axes) are compared with the proportion of stocks fished 
at biologically sustainable levels (B/BMSY > 0.8) as assessed by FAO (along horizontal axes) for the year 2017 in 
their ‘State of World Fisheries and Aquaculture’ (SOFIA) assessments (FAO, 2020). (a) Most recent available year 
of regional mean B/BMSY trend across stocks in the region, as estimated under the state‑space model and shown 
in panels ‘a’ of Figs 6.1‑6.16. Dashed horizontal line shows a typical management target. (b) Proportion of stocks 
in region with B/BMSY > 0.8, with equal weighting across stocks, as shown in panels ‘h’ of Figs. 6.1‑6.16. The year 
shown for each region is the most recent available year in which coverage was at least 50 percent as shown in those 
panels ‘h’. (c) Proportion of stocks in region with B/BMSY > 0.8, with stocks weighted by MSY, as shown in panels ‘i’ 
of Figs. 6.1‑6.16. The year shown for each region is the most recent available year in which coverage was at least 
50 percent as shown in those panels ‘i’. (d) Qualitative stock status index collected under Fisheries Management 
Index surveys during years 2015‑2018, as shown in panels ‘j’ of Figs 6.1‑6.16, averaged across stocks in the region. 
For all five measures, greater values are associated with more favourable stock status. One estimate for the pooled 
statistical area “Tunas” in the FAO SOFIA dataset was paired with each of three ocean basin regions for tunas in the 
other datasets (those in sections 6.14‑6.16), so these three data points are not independent within each panel. For (a), 
(c), and (d), most recent available years were in the range 2015‑2017, but some regions did not available estimates 
since years 2010‑2012, so there is some temporal mismatch with the estimates for 2017 in the FAO SOFIA dataset.
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(the denominators of the ratios) are stationary. This assumption of stationarity in 
reference points, which are typically based on quantities related to MSY, implies that 
production relationships do not change over time. In actuality, evidence is emerging that 
the productivity and carrying capacity of fished populations is changing (Gaines et al., 
2018; Free et al., 2019), likely driven by global climate changes affecting primary and 
secondary productivity in marine ecosystems. Future portrayals of stock status are likely 
to increasingly comprise reference points that are modelled as changing over time.

7.3 THE WORLD’S UNASSESSED STOCKS
Drawing primarily from available stock assessment outputs, results in this report primarily 
reflect the status of stocks that are relatively data-rich—those with sufficient data already 
collected to allow for conducting a stock assessment. Data-rich stocks tend to be in 
countries or regions with sufficient research and monitoring capacity to assemble the data 
typically required for a stock assessment. These tend to be the same countries or regions 
with well-developed fisheries management and enforcement systems. Development of 
data-limited assessment methods has been extensive in the last decade (Carruthers et al., 
2014; Dowling et al., 2019), and has shown that methods which perform well for some 
stocks will not necessarily perform well for others. Likewise, fisheries management 
approaches that work well for some fisheries may not work well for others, so the design 
of successful fisheries management systems must carefully consider the capacities and 
limitations of local governance structures and institutions (Dowling et al., 2016).

We recognize the strong geographic bias in our understanding of stock status, with 
fish stocks in tropical countries, especially south and southeast Asia being poorly 
understood. FAO Major Fishing Area 61 (Pacific, Northwest) has the greatest total 
landings among all FAO Major Fishing Areas, but less than one quarter of landings are 
covered by assessed stocks (Fig. 4.2). Other FAO Major Fishing Areas are not included 
in our summaries in Chapter 6, because of the lack of formally-assessed stocks. These 
FAO Major Fishing Areas not covered individually in this report include areas 18 (Arctic 
Sea), 48 (Atlantic, Antarctic), 51 (Indian Ocean, Western), 58 (Indian Ocean, Antarctic 
and Southern), 71 (Pacific, Western Central), and 88 (Pacific, Antarctic) (Fig. 4.2). Even 
though these FAO Major Fishing Areas are not covered individually, the few individual 
stocks from these regions are still included in the worldwide trends (Chapter 5). Similarly, 
even though FAO Major Fishing Areas 51 and 71 are not covered individually, their 
tuna stocks are covered in the sections for Indian Ocean tunas (section 6.15) and Pacific 
Ocean tunas (section 6.16), respectively. These areas listed above contain many of the 
most important fisheries in the world in terms of employment and food security for low-
income populations, so the lack of knowledge about the performance of these fisheries is 
a serious concern. While many of these countries do continue to report high landings of 
fish and invertebrate species, the data and expert opinions we have available suggest their 
biological status is often relatively poor. Comparisons of Fig.  5.1.j and k support this 
general pattern. 

To improve marine conservation at the global level, more resources should be devoted 
to assessing and managing stocks in these lower-income regions, which will likely require 
major commitments and efforts to increase the fisheries management capacity in these 
countries. Data collection and formal assessments are essential for sustainably managing 
fish stocks, and it will be up to developed countries to assist with capacity building in 
developing countries through international cooperation and partnerships.
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Appendix 1: Extended caption for 
regional overview figures

The following extended caption applies to Figures 6.1-6.16, which share the same set of 
11 panels for each FAO Major Fishing Area covered in this report. 

•	 (a-c) Regional trends in (a) relative biomass (B/BMSY), (b) relative fishing 
pressure (U/UMSY), and (c) catch/mean catch predicted from a state-space 
model that treats the regional mean trend as the process and individual stocks 
as observations. Boxplots show distributions of estimates of individual stocks 
in each year: extent of boxes show 25th and 75th percentiles, whiskers show 
lower and upper end of the range, and red points show medians of status 
estimates of individual stocks in each year. These distributions are sensitive to 
which stocks have available status estimates from stock assessments or from 
post-hoc surplus production fits in any given year. Shading of boxplots show 
the level of coverage, i.e. the fraction of stocks in the FAO Major Fishing Area 
that have status estimates available in a given year. The process model follows 
a random walk with a first-order autoregression term, and represents the 
geometric mean status of stocks in the FAO Major Fishing Area, accounting for 
incomplete coverage of some stocks in some years. Stocks are weighted equally. 
Confidence bands around the mean trend show the component of uncertainty 
associated with incomplete coverage of individual stocks (such that in years of 
100  percent coverage, no uncertainty is represented). The secondary vertical 
axis in (c) is a re-scaling of the primary vertical axis to show the summed catch 
across all stocks in the FAO Major Fishing Area; the sum of stock-specific 
mean catches across individual time series aligns with 1 on the primary axis. 

•	 (d) ‘Kobe plot’ of the most recent status estimate available (joint estimates of 
relative biomass, B/BMSY, and relative fishing pressure, U/UMSY) for individual 
stocks in the FAO Major Fishing Area. The year of most recent data availability 
varies by stock, and only years since 2010 are shown. The area of circles 
is proportional to stock-specific MSY estimates; if MSY estimates are not 
available for a stock, then mean catch over the time series is used instead. Red 
circles represent status estimates extracted from stock assessments, while blue 
circles represent status estimates for which BMSY and/or UMSY reference points 
were estimated post-hoc using surplus production models fit to time series of 
catch and abundance data. Only the best available estimate for each stock is 
shown, either from a stock assessment if available, or otherwise from a post-hoc 
surplus production fit. The ‘+’ and ‘x’ symbols overlaid show the bivariate 
geometric mean and bivariate median values, respectively, across all stocks.

•	 (e) ‘Kobe plot’ of regional mean trend of relative biomass (B/BMSY) and relative 
fishing pressure (U/UMSY) from state-space model predictions, with the color 
of the bivariate mean trend changing from earlier (blue) to later (red) years. 
Error bars shown for the final year estimate represent 95 percent confidence 
limits for the component of uncertainty associated with incomplete coverage of 
individual stocks (like those shown in panels a and b).

•	 (f) Trends in summed catches in FAO Major Fishing Area. Landed tonnage 
from the FAO world production database for capture fisheries is summed over 
fish and fished invertebrate species, excluding mammals, reptiles, amphibians, 
sponges, corals, algae, and miscellaneous animal products such as shells and 
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pearls. Summed catch weights of stocks present in the RAMLDB are shown, 
favoring total catch over landings if both are available. The two individual 
stocks contained in the RAMLDB with greatest mean catches are shown as 
stacked series; these are subsets of the RAMLDB summed catches. Stocks 
that span multiple FAO Major Fishing Areas are attributed to their primary 
area based on landings by FAO Major Fishing Area. Species from the ‘Tunas, 
bonitos, billfish’ ISSCAAP12 group are not included in summed catches for 
FAO Major Fishing Area, they are instead grouped separately in the three large 
ocean basin regions.

•	 (g) ‘Goldilocks’ plots of stocks in FAO Major Fishing Area, showing the 
proportion of the potential yield obtained at the fishing mortality rate that 
occurred in each year (in green), the proportion of potential yield lost by fishing 
harder than U/UMSY (relative fishing pressure, in red) and the proportion of 
potential yield lost by fishing at rates less than U/UMSY (in blue). See Hilborn 
(2018) for further details of calculations. Large blue areas suggest the potential 
to increase yield by fully exploiting underexploited stocks, and large red areas 
indicate the potential to increase yield by reducing overfishing. 

•	 (h-i) Assignment of individual stocks in the RAMLDB to three FAO status 
categories based on their most recent available estimates of relative biomass 
(B/BMSY): less than 0.8; between 0.8-1.2; or greater than 1.2. In (h), stocks are 
weighted equally, so this represents the fraction of stocks in each category, 
summing to 100 percent. In (i), stocks are weighted by MSY (or if estimates of 
MSY are unavailable, by mean catch); this is equivalent to assigning fractions 
of the summed MSY across stocks to status categories, also summing to 
100 percent. Shading for coverage represents the proportion of stocks (h) or 
summed MSY (i) that have available estimates of relative biomass (B/BMSY) in 
any given year; coverage is often low in early years and the most recent few 
years due to time series duration presented in stock assessments.

•	 (j) Relationship between the mean Fisheries Management Index (FMI) of 
stocks (horizontal axis) and a qualitative stock status index from FMI surveys 
(vertical axis). Data points show mean FMI values of stocks paired with stock 
status index values from the same FMI surveys. The stock status index reflects 
whether current levels of abundance and fishing pressure are near management 
targets and/or trending towards management targets, with higher values 
reflecting more desirable states. A loess smoother (red line) is fit to these 
paired indices and a dashed 1:1 reference line is shown. Histograms show the 
distribution of mean FMI values of individual stocks (top) and the distribution 
of mean stock status index from FMI surveys (right). Histograms are not 
restricted to stocks with paired values; some stocks may be included in the top 
histograms but not the right histograms or scatterplots, while other stocks may 
be included in the right histograms but not the top histograms or scatterplots. 
In contrast to panels (a-i) in which ‘stock’ follows the convention of stock 
assessment definitions, here ‘stock’ represents the intersection of countries, 
species, and FAO Major Fishing Area.

•	 (k) Relationship between the mean Fisheries Management Index (FMI) of 
stocks (horizontal axis) and the most recent relative fishing pressure (U/UMSY) 
estimate available since 2010 for the stock (vertical axis). A dashed line is 
shown at U/UMSY = 1. Histograms show the distribution of mean FMI values 
of individual stocks (top) and the distribution of the most recent U/UMSY 
estimate available for individual stocks (right). All U/UMSY estimates are from 
2010 or later. Histograms are not restricted to stocks with paired values; some 
stocks may be included in the top histograms but not the right histograms or 
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scatterplots, while other stocks may be included in the right histograms but not 
the top histograms or scatterplots. For U/UMSY, ‘stock’ follows the convention 
of stock assessment definitions, but for FMI, ‘stock’ represents the intersection 
of countries, species, and FAO Major Fishing Area. The pairing of ‘assessment 
stocks’ and ‘FMI stocks’ therefore frequently involves only partial overlap of 
stock distribution areas.
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Appendix 2: Footnotes for regional 
overview tables

The following extended footnotes apply to Tables 6.1-6.16, which share the same data 
summary methods for each FAO Major Fishing Area covered in this report. Tables 
6.1-6.16 are similar in structure to Table 5.1, except the three parts to Table 5.1 (a, b, 
c), each representing a different dataset, are merged together in these Tables 6.1-6.16. 

a Dataset abbreviations: 

FAO—world production database for capture fisheries, i.e. ‘FAO landings 
database’, excluding mammals, reptiles, amphibians, sponges, corals, algae, and 
miscellaneous animal products such as shells and pearls; 

RAMLDB—RAM Legacy Stock Assessment Database; 

FMI—Fisheries Management Index database.

b List of countries or tuna Regional Fisheries Management Organizations 
(tRFMOs) varies by dataset:

FAO—up to 10 countries in terms of their recent total landings in the FAO 
landings database (average of years 2013-2017) are listed. Countries are omitted 
from the list if their summed landings during this period were less than 2 percent 
of the total landings in the Major Fishing Area. 

RAMLDB—primary countries for all stocks assigned to the Major Fishing Area 
are listed. For stocks that may span more than one Major Fishing Area, they 
are assigned to the single area that reflects the majority of their distribution. 
Stocks are also assigned to a primary country. Some countries may not be listed 
as a result of majority-based filtering: each stock is assigned to a single primary 
country based on the proportion of the stock’s catch-by-country, so if fished 
by multiple countries, all countries other than the primary country would not 
appear in the list.

FMI—all countries or tRFMOs with FMI surveys conducted for at least one 
stock in at least one survey are listed. For FMI surveys conducted at the unique 
country + species level and that span more than one FAO Major Fishing Area, 
the survey is assigned to the area in which the stock principally occurs. For 
tuna ocean basin regions (Tables 6.14-6.16), countries are not listed, as surveys 
were conducted at the tRFMO level instead of at the unique country + species 
level. Instead, counts by tRFMO are listed. tRFMO abbreviations are listed in 
footnote 11.
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c Boldfaced totals of landings are shown for each dataset; individual countries are 
subsets of these totals. Summary method varies by dataset: 

FAO—mean landings by species or species group for the 5 most recent years 
available (2013-2017), summed over all species and species groups.

RAMLDB—most recent year of available catch data for each stock, summed over 
all stocks in the region.

FMI—portion of FAO landings that is covered by one or more FMI surveys for 
‘FMI stocks’ in the region (thus is also a sum across stocks of mean landings for 
years 2013-2017).

d Boldfaced totals of the number of stocks are shown for RAMLDB and FMI 
datasets; individual countries are subsets of these totals. Summary method varies 
by dataset: 

RAMLDB—number of stocks assigned to this region; stocks that span multiple 
regions are assigned to the single region with the greatest  percent of landings-by-
area. The first count represents the number of stocks with available catch tonnage 
data since 2010, and the second count (in parentheses) represents the number of 
stocks with B/BMSY and/or U/UMSY estimates available since 2010. 

FMI—number of ‘FMI stocks’ covered by one or more surveys; ‘FMI stocks’ 
are typically intersections of unique country + species + FAO area entities from 
the FAO landings database or, in the case of tRFMOs, are biological stocks as 
defined in stock assessments. tRFMO abbreviations are listed in footnote 11.

e Boldfaced totals of the number of surveys are shown for FAO and FMI datasets; 
individual countries or tRFMOs are subsets of this total. For both datasets, 
represents the number of FMI surveys that were returned by fisheries experts. 
Surveys typically contain between 1-10 individual stocks from the country or 
tRFMO. tRFMO abbreviations are listed in footnote 11.





This report provides an overview of the biological status of assessed stocks around the
world and relates measures of stock status to the strength of fisheries management.

Stock assessment outputs, consisting primarily of time series of abundance and fishing
pressure relative to target reference points, were compiled for 548 marine fish and
invertebrate stocks in the RAM Legacy Stock Assessment Database. Data summary

methods included: global and regional mean trends of abundance and fishing pressure
relative to target reference points; bivariate plots of relative abundance and fishing

pressure; estimates of potential equilibrium yield foregone at current fishing pressure;
and proportions of stocks in different biomass status categories. These measures of stock
status were summarized at the global level as well as separated by 16 FAO Major Fishing

Areas and ocean basin regions for comparison.
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