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Rebuilding depleted stocks is a central part of the fisheries governance agenda. 
By analysing the available literature, Part 1 of “Rebuilding of Marine Fisheries” 
provides a global review of the emergence of the rebuilding paradigm, its key 
concepts, the trends in fishery resources, and the empirical evidence available 
on stocks depletion, collapse and rebuilding. It addresses the bio-ecological, 

economic, and human dimensions of rebuilding or restoration of stocks, 
multispecies assemblages and habitats/ecosystems and touches on the need for 

rebuilding at the whole sector level when depletion has become widespread 
and chronic. The human dimensions of stocks and fisheries are given particular 
attention, looking at conflicting objectives, the bio-economy of rebuilding, its 
costs and benefits, and the distributional effects of the related reform among 

actors with their potential social consequences in the short and long terms. 
Governance is addressed in detail: legal and policy frameworks; rationale 
and objectives of a rebuilding regime; alternative rebuilding strategies; 

reference values and protocols; regulatory time-frames; risk management and 
harvest control rules; impacts of climatic oscillations; management tool-box; 
implementation guidance and performance evaluation.  The document ends 

with a review of the determinants of success of a rebuilding programme. 

Part 2 provides case studies that illustrate many key aspects of this global 
review at the national and single or multiple fishery scales.
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Preparation of this document
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Fisheries and Aquaculture Department and the Fisheries Expert Group of the IUCN 
Commission on Ecosystem Management (IUCN-CEM-FEG), with the coordination of 
the European Bureau of Conservation and Development (EBCD) and with contributions 
from many experts in the field. The document consists of two parts.

Part 1 contains a global extensive review of the literature regarding: the emergence of the 
concept of fishery rebuilding at stock, multispecies assemblages and ecosystem levels; the 
evidence available for depletion and rebuilding; the scientific foundations; the natural, 
and human dimensions of the challenge; the governance framework; and the rebuilding 
strategies, with their objectives, plans, tools, and performance assessment. Part 1 has been 
prepared by Serge. M. Garcia, Yimin Ye, Jake Rice and Anthony Charles.

Part 2 contains a series of case studies of fisheries rebuilding initiatives and processes 
on different types of resources, in various areas of the world, describing the resources 
and the fisheries, the depletion process, the rebuilding process and measures, drawing 
some lessons for the future. The case studies were elaborated by various experts, many 
of which members of IUCN-CEM-FEG and edited by Serge M. Garcia and Yimin Ye.

The figures were finalized by Genuine Roman Art snc, Rome. Italy. The cover-page was 
designed by Manuela D’Antoni. The final formatting and proof-editing were done by 
Edoardo Mostarda with much skill and patience with our last modifications.
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Abstract

This document describes the emergence of a rebuilding paradigm, its key concepts (e.g. 
overfishing, depletion, collapse and rebuilding or restoration), the growing international 
concern about overfishing, the need for a new rebuilding focus, and the growing 
literature on the subject. It reviews trends in the state of fishery resources, and the 
empirical evidence available on the occurrence of resource depletion and collapse (and 
their drivers) and of rebuilding. It reviews the bio-ecological foundations of the concepts 
used to represent the interactions between fisheries and the resources, the assumptions 
behind these representations, and their validity, particularly at low abundance level. The 
questions are examined through three angles. First, the single stocks and populations used 
by theoretically isolated fisheries. Second, multispecies assemblages and their complex 
interactions between species and between fisheries. Third, the broader ecological impact 
on (and role of) the ecosystem with its environmental and habitat degradation and 
climatic oscillations issues. A fourth angle is briefly touched on: the need for rebuilding 
at whole sector level when depletion has become widespread and chronic.  

The human dimensions of stocks and fisheries are given ample attention. First the 
economic dimensions, starting with basic bio-economic aspects of fisheries, then focusing 
more on species interactions and distributional effects of fisheries reforms (costs and 
benefits) among actors, and their potential social consequences. Comparative scenario 
analyses, at global, national and fishery levels, examine the economic costs and benefits 
of rebuilding reforms over business-as-usual strategies (that lead to depletion). They 
also highlight the tensions between the immediate and certain costs of rebuilding and 
its delayed and uncertain benefits, and the resulting likely need for compensations and 
safety nets. Second, the social considerations of people’s livelihoods, traditional values and 
assets; scales of the problem (from individual fisher and households to the community and 
country); the need for equity; the key role of participation and the consequences of these 
on compliance and ultimately on the success or failure of rebuilding. Key cross-cutting 
issues are also addressed such as: balancing conflicting objectives (e.g. Pareto efficiency); 
costs and benefits and their distribution among actors (equity) in the short and long 
terms; the diversity of social situations (implying a danger in generalizing conclusions); 
and the relevance of scales (from individual, household and community critical levels to 
aggregated country or global levels).

Governance is essential for the success of rebuilding initiatives and it is addressed in 
detail: the legal and policy frameworks; the rationale for a special rebuilding regime; 
the objectives of restoring fishery stocks, multispecies assemblages and ecosystems; 
the development and evaluation of alternative rebuilding strategies and resulting 
trajectories for fisheries and resources; reference values and protocols to start and close 
the rebuilding regime, with biological and regulatory time-frames; risk management, 
precautionary harvest control rules, and impacts of climatic oscillations; and planning, 
including a rebuilding tool-box, implementation guidance and performance evaluation. 

The document ends with a review of the determinants of success of a rebuilding 
programme. 

Garcia, S.M., Ye, Y., Rice, J. & Charles, A., eds. 2018. Rebuilding of marine fisheries. 
Part 1: Global review. FAO Fisheries and Aquaculture Technical Paper No. 630/1. 
Rome, FAO. 294 pp.
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Preface

Nature to be commanded must be obeyed
(F. Bacon. 1620. Novum Organum. Introduction)

In most policies, legal and single-species scientific frameworks, rebuilding of depleted 
stocks is approached as if the problem was that of putting an ecological jigsaw puzzle 
back together after overfishing some stocks and alteration of the food chain scattered 
the pieces. It is just a matter of fitting them back together again, through a myriad of 
junctions. Each piece has a fixed shape and aspect, and only one place where it fits 
perfectly. In the end, the individual pieces will fit together just as shown in the picture 
on the cover of the box and that picture can be used as a sure guide to the end. The more 
numerous the pieces the less easy will the work be but for the same puzzle in different 
parts of the world, different actors will reach the same predictable result. Identifying the 
key pieces –the corners, the edges, the ones that have a conspicuous and unique position 
in the cover picture– facilitates the fitting of the other pieces together. The fitting is 
instantaneous and definitive.

If we turn rebuilding into an ecosystem-based, holistic game, the original image on the 
box has faded away through time and it keeps changing with time, oscillating between 
alternative states under the influence of external forces and internal interactions. The 
pieces may change place and junctions with the others, adapting to changes on the box 
image, and changing that image as the pieces adapt to each other, in a complex process 
of dynamic and interactive reorganization, in which some pieces have a more structuring 
role than others. Every move to rebuild the puzzle produces cascading reactions as pieces 
re-adjust to each other. A piecemeal, sequential rebuilding, piece by piece is hazardous 
and its outcome is not accurately predictable. Internal and external forces are in tension. 
The first may be discovered and partly understood through observation. The second are 
only weakly-foreseeable and the human-induced ones are the least foreseeable. Whether 
a piece is rightly placed for the expected outcome is only known after some time, when 
internal and external forces have acted, and the outcome may only be transient. To a 
large extent, putting back together the pieces of the puzzle, in such a dynamic scenario, 
is a journey with only a broad direction as compass, a fuzzy destination blurred by 
uncertainty, and generic precautionary rules to minimize risks of major errors. While 
ecosystem types will be recognized despite fluctuation in their “image” the rebuilding 
game is different at different times and in different places.

In a static puzzle game, the destination is most important and known. In a dynamic 
puzzle, the challenge is in the journey itself, and the task of keeping the direction in the 
changing environment. 

In real life, none of us believes any longer than marine ecosystems supporting fisheries 
are fixed pictures the components of which could be pieced together in exactly the 
same idealized configuration after we disturbed it. But we also know that that changes 
in ecosystems remain within bounds. Tropical coastal penaeid shrimp producing 
ecosystems, for example, are very similar all around the world, despite different fishing 
histories. We also know that some key systemic measures –e.g. significant reduction of 
fishing pressure, allocation of fishing rights, and economic and social incentives– may 
re-organize the dynamic forces in the right direction in all ecosystems… even though 
the outcome and the time needed to do so in each place might not be exactly known. 
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A real and more accessible challenge is that of outlining at least the fuzzy destination 
and an adaptive roadmap, balancing ecological, economic and social goals, and expected 
ecosystem services. A growing unknown is the impact of climate change on the nature 
of the game.  
 
      Jake Rice and Serge, M. Garcia
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1. Emergence of a rebuilding 
paradigm

The terms depletion, overfishing, collapse and extinction have been used for decades in 
fishery management as well as in biodiversity conservation, but in fisheries, the emphasis 
on the concepts, their implications and degree of urgency has increased rapidly since 
the 1990s and the terminology is not yet fully standardized. The LOSC and the CBD 
as well as the biodiversity conservation literature refer mainly to “restoration” –most 
often in relation to habitats and ecosystems– while the fishery literature refers mainly to 
“rebuilding” – most often in relation to stocks or populations. 

Regardless of the terminology, the core issue addressed in this book is that of rebuilding 
fishery resources that have been driven below acceptable levels of productivity and risk, 
and the fisheries and communities they support. Discussion on stock recovery/rebuilding 
or ecological restoration are intimately tied to considerations of overfishing, depletion, 
natural variability and risk of extinction, as well as policies, strategies and approaches 
to ensure sustainable fisheries and maintain ecosystem structure and function. That is 
because the approaches and measures advocated to ensure sustainability should avoid 
depletion and degradation, and it is often assumed that if overfishing and depletion occur, 
the same measures, more effectively applied, are also those that will allow recovery and 
rebuilding, as if depletion could be reversed simply using more or better the instruments 
that led to it. 

It may be symptomatic that key documents like the FAO Code of Conduct (FAO, 
1995), the FAO guidelines on the Ecosystem Approach to Fisheries (EAF) (FAO, 
2003), as well as the handbook for fishery managers (Cochrane and Garcia, 2009) and 
works on ecosystem-based fisheries management (Link, 2010) do not have a section 
focusing on recovery, rebuilding and restoration. Obviously and understandably, for 
decades, the focus has been on avoiding resource degradation, in the first place, and 
rebuilding was a remote concern.

The literature on fishery management theory and practice is abundant and the issue of 
overfishing is well addressed already, with success and failure stories and innumerable 
proposals to correct the latter. A genuine question, therefore, is whether there is any 
need to elaborate further on the specific issue of fisheries rebuilding. 

Throughout this book, we will be arguing that because of the widespread occurrence 
of overfishing, the number of collapses, the high stress and risks involved for stocks, 
biodiversity, ecosystem resilience, fishing communities and the sector’s economic 
viability, as well as the uncertainty of management outcomes and the threat of climate 
change, the issue does require more attention. Furthermore, the need for specific 
attention to these themes is reinforced by a move to consider not only single stocks, 
but also multispecies assemblages, fisheries, habitats and ecosystems, a broad ecosystem 
approach adopted in this book. Paraphrasing NRC (1999), the purpose of this book, 
however, is not to precisely predict the outcomes of rebuilding programmes and to 
prescribe the “best” ways and means to succeed, but rather to structure and discipline 
thinking about the present and future possibilities of fishery resource rebuilding, in 
the light of our present knowledge and intentions, with the view to serve as a guide for 
dedicated national and international policies and, possibly, for the elaboration of FAO 
guidelines on the subject.



Rebuilding of marine fisheries - Part 1: Global review2

1.1 KEY CONCEPTS

In the five paragraphs above, we have used many terms that are closely inter-related: 
overfishing, depletion, collapse, extinction, recovery, rebuilding, rehabilitation and 
restoration, among others. In this section, we set the scene for the remainder of 
this report, by focusing on four main concepts: overfishing, depletion, collapse and 
rebuilding, with some of their implications for the resources, the manager and the users. 

The above concepts refer to phases or processes which in fishery management and 
biodiversity conservation describe the classical sequence observed in excessive use (and 
degradation) of natural resources. In fisheries, the concepts and their terminology have 
been developed, first, for target stocks, mostly in single-stock fisheries. The related 
literature refers mainly to “rebuilding” and the concept is strongly dependent on single-
stock assessment models and their assumptions (cf. Chapters 3 and 4). The concern 
is slowly being broadened to multispecies assemblages, ecosystems and (rarely) to 
national fishery sectors. In conservation, it has been developed for threatened species, 
habitats and biodiversity. The phases are well known even though their specifics and 
the terminology may sometimes appear confusing.

1.1.1 Overfishing

The term and its relative concept are now well established. Overfishing is the active 
process in which excessive fishing effort drives a stock below the level of abundance 
corresponding to its maximal productivity (rate of renewal) as defined in a surplus 
production model (e.g. Schaefer, Fox, or Paloheimo type) or structural model 
(Beverton and Holt, 1957) (cf. Section 3.1). Overfished or overexploited stocks are 
stocks that have been subject to overfishing and have fallen below an optimal biomass 
level (BMSY) which may be defined in biological terms1, e.g. as the level at which a stock 
can produce the Maximum Sustainable Yield (MSY). However, the level of biomass at 
which productivity is maximal depends on the fishing pattern (selectivity curve), the 
model used for the assessment, and population parameters. Conventionally MSY is 
taken to be available on average when biomass is at 50 percent of its unfished level, 
assuming, usually implicitly, a Schaefer production curve. 

While there is general acceptance that MSY is the reference level for biomass and 
fishing mortality, there is significant measurement error and management uncertainty 
and for practical management purposes, a range of “states” is considered to define 
categories of stock status. In a Schaefer model, the comparison between the biomass 
at MSY (BMSY) and the unfished biomass (B0) indicates that overfishing occurs when 
B<BMSY with BMSY= 0.5B0. However, comparisons between reference points based on 
B0 and BMSY have shown that BMSY is generally approximated between 0.35 B0 and 0.4 
B0 (Punt at al., 2014). Since 2011, FAO (Ye, 2011: 328) defines stocks as overfished 
when their biomass is below 0.4B0). In the USA and Australia, however, stocks are 
considered overfished when their biomass is below 0.5BMSY (R. Hilborn, Pers. Com.).

The overfished stock phase can be further subdivided into finer sub-phases: depleted, 
collapsed and recovering sub-phases (Figure 20).

Stocks driven below the overfishing reference level biomass are declared biologically 
overfished even when fishing pressure is not excessive anymore. In the USA, stocks 

1 In the LOSC, the mandatory long-term reference is the level corresponding theoretically to the maximum 
annual productivity and maximum sustainable yield (MSY), modified as appropriate by environmental 
and socio-economic factors.



Emergence of a rebuilding paradigm 3

which are biologically overfished and still exploited with an excessive fishing pressure 
are declared as under active “overfishing”. As it is useful to characterize the state of 
stock in terms of both biomass and fishing pressure, it has become usual to position 
them in relation to two indicators: B/BMSY and F/FMSY (see Figure 6 and Figure 8).

When referring to an analytical production model (e.g. Beverton and Holt YPR) 
biological overfishing may result from growth overfishing (catching a too high 
proportion of juveniles before that have time to grow) and recruitment overfishing 
(reducing spawning potential to the point that reproduction and recruitment are 
significantly reduced). The criteria of reference in this case is the spawning stock 
biomass (SSB) or spawning stock biomass per recruit (SSB/R). As in fisheries targeting 
large sizes spawning biomass decreases more rapidly than total biomass (as the age 
distribution is truncated), the use of a reproduction-oriented criteria of fishing impact 
is more conservative. Since 2001, FAO defined stocks as “non-fully exploited”, “fully 
exploited” and “overfished” when their SSB/R biomass is respectively above 40 
percent, between 40 and 20 percent, and below 20 percent of SSB/R (Ye, 2011: 328). 

In overfished stocks, natural inter-annual oscillations of overexploited stocks are 
exacerbated, increasing the risk of collapse. That phase can be protracted, with gradual 
decrease, in the case of stable, “well-behaved” and usually long-lived stocks. For 
shorter-lived species, oscillations tend to be important generating a high risk of a 
collapse. This generic principle might have to be taken with a pinch of salt because 
long-lived species (like cod) when seriously overfished, tend to become “short-lived” 
indeed and behave as such.

The optimum fishing level may also be defined in bioeconomic terms, e.g. referring to 
the Maximum Economic Yield (MEY) and stocks producing a lower revenue and rent 
are considered under-performing and economically overfished: rebuilding at MEY 
level is not mandatory but the liberal economic reform proposed for fisheries (e.g. 
World Bank and FAO, 2009) advocates it. In practice, States decide their management 
objective(s) trying to balance the needs for economic efficiency, food security, and 
provision of livelihoods. Economic overfishing, according to simple bioeconomic 
theory although not necessarily in more complex situations, is deemed to occur at a 
lower level of effort than biological overfishing.

1.1.2 Depletion

The term has been used to refer to two different situations. First, in a general sense and 
in natural resources conservation, depletion is often understood as the consumption 
of a resource faster than it can be replenished, thereby producing a decrease (or in 
the extreme, exhaustion) of abundance or supply. In this understanding, the fishery 
development process which, necessarily reduces abundance of the stock as catch 
increases would be a normal “controlled depletion” process. Second, in fisheries 
assessment and management sense, depletion is understood as the reduction of a 
resource biomass (and catch) by an excessive fishing pressure: (i) below their target 
level, be it MSY, the maximum average historical catch, or other related reference 
levels; or, more often, (ii) below its limit level, e.g. its minimum safe biological limit, 
threatening reproduction. This could usefully be referred to as “deep depletion” to 
signal its higher degree of severity and is often referred to as “collapse) (see next 
section). The frontier between depletion and deep depletion may not always be easy to 
define but the arbitrary 0.2B0 may be a good enough approximation. In these situations, 
the resources are referred to as “depleted” and possibly “deep-depleted” and the 
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second may have encounter problems of depensation impairing rebuilding (cf. Section 
3.1.3). If the depletion process is particularly rapid and the decline very significant, the 
term “collapse” is often used (cf. Section 2.2). The scientific evidence of depletion in 
fisheries is provided in Section 2.1. Further considerations on the different usage of the 
terms in fisheries and conservation are made below.

For conservation biology, the criteria contained in the Red List of Threatened Species 
of IUCN (1996) hereafter referred to as The Red List are foundational. The “decline 
criteria” of the Red List says that, as a generalization, if a population has been depleted 
to 70 percent of its original size in three generations, it is at least “threatened”. In 
fisheries management, following the LOSC, the default mandatory target for well-
managed fisheries is the level at which natural stocks productivity is the highest, i.e. 
when the stocks have been reduced by 50-60 percent, depending on the species and 
models used. Depletion, in fact, was defined very early on as a reduction, through 
overfishing, to the level of abundance of the exploitable segment of a stock that prevents 
the realization of the maximum productive capacity (van Oosten, 1949). The term 
refers, therefore, to the process of decline of biomass below the level corresponding to 
maximum sustainable yield (BMSY) and its outcome is a depleted stock. Given that most 
population estimates have confidence Intervals of at least +/- 10 percent, applying both 
guidelines, many well-assessed populations can be simultaneously considered as well-
managed (e.g. within bounds) from a fishery management point of view and threatened 
from a biodiversity conservation perspective. 

In the conventional Biodiversity Impact Mitigation (BIM) strategy (ten Kate et al., 
2004; Madsen et al., 2011; BBOP, 2013a, 2013b; ten Kate et al., 2014; ten Kate and 
Crowe, 2014) used for biodiversity conservation and sustainable use, it is mandatory to 
maintain/restore biodiversity to achieve at least No Net Loss (NNL, cf. Section 3.3.2) 
of biodiversity, from some pristine or historical baseline level considered as healthy. 
In fisheries, the equivalent of the NNL reference is either the MSY level (for target 
species) or the minimum safe biomass level (for other elements of biodiversity) (cf. 
Section 5.2 for more information) depending on legislation. 

In US fisheries legal instruments, a stock, species or a population is considered depleted 
when it is below its optimum sustainable population level or is listed as an endangered 
species (in danger of extinction) or a threatened species (likely to become endangered) 
under the Endangered Species Act (ESA). The optimal sustainable population being 
defined as the number of animals which will result in the maximum productivity of the 
population or the species2 (i.e. the MSY level) the implication is that “depleted” stocks 
or populations are those driven below their MSY and, a fortiori, their safe biomass 
limits. 

The term “depleted” has been used for stocks driven well below their MSY level and 
presenting higher than acceptable risks of recruitment failure, e.g. for stocks below 20 
percent of their virgin stock biomass (e.g. in McCall, 1993). This level is often taken 
in the scientific literature as the limit below which the risk of poor recruitments and 
collapse is unacceptably high. This later interpretation is the one that was current in 
FAO reviews of the state of stocks for many year, as illustrated in Figure 20. The French 
translation of the English term “depleted” is “épuisé” which would translate back into 
English as “exhausted”, giving the idea of a very serious reduction. Holt (2008) refers 
to such situations as deep depletion and we may use this expression in this document 
to characterize situations in which the risk of critical depensation is high and rebuilding 

2 http://www.nmfs.noaa.gov/pr/glossary.htm
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becomes mandatory, with special measures, more effective or more stringently applied 
than in ordinary management, and with lower levels of tolerance (cf. Next section on 
collapse). At that level of risk, the species should probably be listed in the IUCN Red 
List of threatened species and is very often listed, in national legislation under some 
species protection act (e.g. in Australia or the USA). 

Finally, in New-Zealand, the term “depleted” is used instead of “overfished” when the 
decrease in stock size may be due to a combination of excessive fishing pressure and 
negative environmental factors (OECD, 2012: 25). 

In this document, following the main use in fisheries literature, we will use the terms 
“depletion” and “depleted” to describe respectively the process of decline in biomass 
and the state of a stock driven well beyond its level of maximum productivity (referred 
to as the MSY level). 

Being the most serious state of natural resources and the most problematic for 
rebuilding, we will provide below, in Section 1.1.3, substantial detail on the definition 
of a “collapse”; the evidence that such collapses have occurred; their spatial distribution; 
their historical trends and frequency; the role of environment as a co-factor of collapse; 
and a short section on extinction as an extreme case of collapse. 

Non-fishery species

Other terms and concepts related to states of depletion are used in species conservation 
and might be relevant when dealing with species for which the reference to MSY 
is impossible or meaningless, e.g. non-fishery species, protected species and living 
habitats3. For these, the LOSC as well as the CBD require to maintain them above 
the level of biomass below which their reproduction (and sustainability) would 
be threatened. In the absence of formal stock assessment, the IUCN Red List of 
Threatened Species (thereafter the Red List, IUCN, 1996) may be used as a reference. 
This list assigns species to categories of risk: Least Concern; Vulnerable; Endangered; 
Critically endangered; Extinct; Extirpated. Classification relates to declines in (A) 
population size; (B) geographical range; (C) number of mature individuals, combined 
with decline and fragmentation metrics; (D) Number of mature individuals alone; (E) 
probability of extinction over a specified time- obtained from a viability analysis (Mace 
et al., 2014). The classification has no binding power and does not call for specific 
measures but is intended to send warning signals and calling attention on perilous states 
and their causal factors.

Fisheries agencies have raised strong objections to the use of the Red List for fishery species, 
questioning the relevance for fisheries of criteria developed for terrestrial animals (e.g. the 
decline criteria) and the assessment of the actual risk of extinction (Mace et al., 2014). 
CITES adopted very similar categories but less quantitative criteria in 1994 but intended 
to list not only species threatened by fisheries and international trade but also species that 
may become threatened, with the view to limit unsustainable use, de facto mixing the risks 
of “depletion”, “overfishing” and “extinction”. 

An important point emerging from the debates is the Limit Reference Points (LRPs) 
used in fisheries management application of the precautionary approach (integrated 
in the Ecosystem Approach to Fisheries) and used to trigger rebuilding strategies at 

3 i.e. corals, sponges, algae or seagrass that provide critical habitats to exploited species and may be 
impacted by fishing.
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population level are much more precautionary (if properly estimated) than the levels 
considered at risk in the IUCN or CITES for their listings. 

Despite some increased collaboration (e.g. between CITES and FAO) the core tensions 
remain (Mace et al., 2014). It is not our intention to analyse the problems and propose 
solutions here. We will only note that IUCN and CITES criteria exist and it is in the 
power of States to use them, if so desired, to provide additional protection to species 
brought by fisheries below their safe minimum level (as presently practiced in the USA, 
for example) (see Chapter 7). 

1.1.3 Collapse

Severe depletion may lead to collapse and the passage from one state to another is 
usually not clear cut. Collapse has been defined as a sustained period of very low 
catches occurring after a period of high catches (Cooke, 1984). The term is used for a 
rapid, catastrophic, decline in abundance and catches, incompatible with the smooth 
decline resulting from increased fishing pressure within reasonable exploitation levels, 
and suggesting a profound disruption in the reproduction system and population 
productivity (cf. Gulland, 1989: 259). The term has been used more to characterize a 
brutal decline in the fishery and its landings than a position relative to the MSY or Blim 
levels and a related risk. The term is used also when the decline is sudden compared 
to the likely time of recovery (Cochrane and Garcia, 2009). Collapses occur because 
of excessive fishing, natural climate-induced oscillations or both. There is no general 
agreement on the biomass level below which a stock may be considered “collapsed” 
and the that have been suggested in scientific analyses are grouped Table 1.

TABLE 1
Reference biomass level used to categorize “collapsed” stocks 

B0 BMSY Max. catch References

20% (40%) Beddington and Cooke, 1983; Jacobsen et al., 2016

(5%) (10%) 10% Mullon et al., 2005 ; Froese and Kesner, 2002; Froese et al., 2012

10% 20% Worm et al., 2009

(10%) 20% Pinsky and Byler, 2015

(25%) 50% Costello et al., 2012

A wide range of values have been used and there is no global consensus on any one 
although the 0.2B0 reference has been most widely used in conventional assessments to 
define Blim, the limit below which the stock reproduction (or recruitment) is considered 
threatened. Perhaps more important than the reference level is the rate and length of 
decline of the resource, biomass or catch and the demise of the fishery (economic 
collapse or extinction) as in the case of the North Sea Herring collapse in the 18th 
century (McCay and Rudel, 2012), the Peruvian anchoveta in the 1970s (Glantz and 
Thompson, 1981) and the Canadian Cod in the 1990s (McCay and Finlayson, 1995).

A different, although complementary, distinction between depletion and collapse is 
offered by Petitgas et al., 2010) who argue that the expansion and resilience of fished 
populations depend on the maintenance of their reproductive diversity, as represented 
by different contingents (migrants vs resident) maintained through phenotypic 
manifestations and social behaviour (between year classes, particularly new recruits 
and old spawners) that facilitate the optimal expression of individual capacities and 
increase overall resilience and productivity. Depletion, usually decreases biomass and 
reduces the number of age-classes but does not lead to the losses of spawning and 

The values in brackets are equivalents to the values cited, when referring to a different criterion under a Schaefer 
production model are in brackets
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feeding areas, and types of behaviour (migrants, residents) which characterize collapse, 
potentially leading to depensation). Rebuilding appears much faster in case of depletion 
(as only biomass needs to be rebuilt, e.g. reducing fishing pressure) than in the case of 
collapse in which lost behaviours need to be recovered and critical areas recolonized 
before significant rebuilding can be obtained. The latter is strongly dependent on the 
outburst of large year-classes producing some “recolonizing” contingents of recruits 
(under favourable environmental conditions). In these processes, maintenance of stock 
spatial structure (essential to maintain phenotypic diversity) and protection of old 
individuals and BOFFFFs4 (essential for social transmission of beneficial behaviour 
from experienced fish to new recruits) are essential to avoid delaying depensation 
phenomena (Petigas et al., 2010). 

The evidence available on the occurrence of collapses (and sometimes extinctions) is 
summarized in Section 2.2.

Extinction

Extinction is a possible extreme outcome of deep-depletion if rebuilding is not 
undertaken in time. Biological extinction is not easy to declare and often discovered 
and reported only many years after its actual occurrence. It is often stated that there 
is no example of extinction of a species by fisheries, but these are many examples of 
“extinction” (and of economic extinctions) of important populations (Dulvy et al., 
2003). In case of a real extinction, rebuilding is obviously not possible, if not through 
re-insertion from other areas and populations. Evidence of extinctions in fisheries is 
available in Section 2.2.7).

1.1.4 Rebuilding

Terms such as restoration, rebuilding, recovery, reconstruction and rehabilitation 
have been used in fisheries management and in biodiversity conservation to describe 
processes aiming at reversing the impact of overfishing or environmental degradation or 
a combination of both. They refer to: (i) the growing phase following the degradation 
(and possibly collapse) of a stock, an assemblage, a fishery or an ecosystem, up to some 
level considered as acceptable; (ii) the process needed to bring them back to an earlier, 
more appropriate state; and (iii) the outcome of such process. They may result from 
climate oscillations and change, environmental degradation, or overexploitation. Their 
goal is to bring back the degraded entities to a state considered more appropriate, based 
on historical observations or policy norms.

According to the Society on Ecological Restoration (www.ser.org) the rehabilitation 
of an ecosystem aims at recovering its productivity and key functions and services, 
while its restoration aims, in addition, to recover the original species and community 
structure (ecosystem integrity) (cf. Section 3.3.2).

The rebuilt or restored state is the situation of a previously overfished stock or species 
assemblage the biomass and composition of which has been re-established to the 
rebuilding target level (e.g. BMSY or BMEY). In legal terms, the state in which the stock 
or species assemblage has reached and demonstrably maintained – for a given number 
of years – the mandatory target level for the reference criteria (e.g. spawning biomass, 
age structure, value, employment). That state may be reached in different ways and the 

4 Big, Old, Fat, Fecund, Female, Fish
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strategy would aim at optimizing the trajectory to it, in terms of it social, environmental 
and/or economic costs and benefits. 

There is no globally agreed terminology in this matter. The LOSC calls on States to 
take measures to maintain or restore populations of harvested [i.e. Target and non-
target species] species at levels which can produce the maximum sustainable yield (Art. 
61.2) … maintaining and restoring populations of … associated and dependent species 
above levels at which their reproduction may become seriously threatened5 (Art. 61.4) 
(underlining added). The 1995 United Nations Fish Stock Agreement uses similar 
language. The terms “restore” and “restoring”, the broad scope (target, non-target, 
and other species) and the goals of MSY or safe reproductive levels establish a clear 
international obligation to correct resources degradation. A similar terminology is 
used in the Convention on Biological Diversity (CBD) for degraded biodiversity and 
habitats (Section 5.2). The similarity in the LOSC and CBD requirement and the fact 
that the CBD must be implemented “consistent with the LOSC” create a coherent 
legal frame for both fisheries and biodiversity conservation, e.g. in implementing the 
Ecosystem Approach. Indeed, the term “restoration” has been used in fisheries for 
biodiversity conservation matters, e.g. for restoration of bycatch species like turtles6 or 
restoration of fisheries from environmental disasters7. 

The term rebuilding is probably the most frequently used in the fishery literature, 
including in bioeconomic analyses (OECD, 2010; 2012), probably because of its 
strong historical single-stock bias. The terms recovery and rebuilding have been 
used interchangeably in the stock assessment literature (UNCOVER, 2010; see 
Figure 20) in relation to fish stocks and assemblages, including in the same paper, 
e.g. in Punt et al. (2003). Murawski (2009), however, proposed to distinguish, for 
stocks and populations, the terms: (i) Recovery: for the re-growth of biomass of a 
previously depleted or collapsed stock, and(ii) Rebuilding: for a more comprehensive 
re-establishment of such stocks, including its age structure, evolutionary mechanisms, 
and population traits (growth, condition factor, migratory and reproduction behaviour, 
genetic pool). Rebuilding is assumed to require much more time to be achieved. This 
nuance is adopted in UNCOVER (2010). 

In general, the difference in terminology used in literature seems to have more to do with 
disciplinary culture –e.g. in conservation versus fishery science and governance– than 
to fundamental differences in goals or approaches. In case studies, the context is usually 
sufficient to understand the legal frame of reference scope and purpose. Wakeford 
et al. (2007) (cited in OECD, 2012: 26) and UNCOVER (2010) note that, in some 
jurisdictions (as in the US Magnuson-Stevens Fishery Conservation and Management 
Act): (i) recovery is used in conservation legislation for critically endangered species 
under risk of extinction and does not necessarily imply a return to commercially 
sustainable levels; while (ii) rebuilding is more usually associated depleted fisheries and 
their return to more productive exploitation levels. In some countries, the conservation 
legislation is used to reverse a severe depletion of a stock classified as “threatened”, and 
the term recovery is then used for that stock. In Europe and Australia, however, the 
term recovery is used to refer to stocks and fisheries (UNCOVER, 2010).

The rebuilding or restoration of a stock, assemblage or ecosystem may be active or 
passive. It is active when specific measures are taken to facilitate biomass increase, 

5 http://www.un.org/Depts/los/convention_agreements/texts/unclos/unclos_e.pdf
6 http://www.nmfs.noaa.gov/stories/2016/06/13_seaturtle-dwh.html
7 https://portal.nifa.usda.gov/web/crisprojectpages/0215425-restoration-of-fisheries-impacted-by-

hurricane-katrina.html
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including but not only reducing fishing pressure. Most active programmes have 
followed collapses and were triggered by the resulting socio-economic conditions as 
well as media attention and environmental NGOs’ lobbying. It is likely, however, that 
numerous collapses (particularly in multi-species demersal fisheries) have occurred 
without creating major economic disruptions, getting no political, scientific or media 
attention and hence without dedicated active recovery plans. In that case, the rebuilding 
or restoration, if it occurs, is passive as nothing specific is done and Nature is left alone 
to heal itself. The permanent collapse of coastal seabreams in Western Sahara may be a 
case in point (Gulland and Garcia, 1984). 

The evidence available on rebuilding successes and failures is given in Section 2.3.

1.2 EVOLUTION OF INTERNATIONAL CONCERNS ABOUT REBUILDING

For millennia, marine fisheries contributed to livelihoods and food security, first 
locally, then regionally and finally globally. Since World War II that they have increased 
this contribution despite significant growth in human populations. However, in many 
if not most fishery systems, the human sub-system has grown beyond the size that 
would have been commensurate with the productivity of the natural sub-system, and it 
faces significant bioecological and socioeconomic challenges. The following illustrates 
some of the key evolutions of relevance to depletion and rebuilding, drawn essentially 
from Garcia (1992), Garcia and Newton (1997) and Cochrane and Garcia (2009).

In 1945, Overfishing was already a formal international concern in the Northern 
hemisphere, mentioned in the first report of the United Nations Interim Commission 
for Food and Agriculture (ICFA, 1945), the forerunner of the FAO. The report 
contains the first account of successful rebuilding of the North Pacific fur seal and 
the Pacific Halibut populations. During the International Overfishing Conference in 
London (H.M.S.O., 1946), overfishing was obviously a central concern, but rebuilding 
was not specifically mentioned. However, the great “accidental” recovery of North 
Atlantic stocks resulting from fisheries recession during World War I and II (Borley, 
1923; ICFA, 1945; Margetts and Holt, 1948) demonstrated that: (i) fishing had been 
the major cause of early depletion; and (2) depletion was reversible. Soon after, the 
development of quantitative population dynamics (e.g. by Schaefer, Beverton, Holt, 
Ricker and followers) led to the understanding that fishing reduced the number of 
age classes and biomass (growth overfishing) as well as spawning potential, and that 
excessive fishing pressure increased the probability of low recruitment (recruitment 
overfishing) and of collapse. That impact could be managed by regulating fishing 
mortality (somewhat related to fleet size) and its distribution on age classes. In parallel, 
the importance of spatial structures and hydroclimate-driven oscillations and trends, 
which were given much attention before WWII, progressively disappeared below the 
scientific and management “radar” before returning onto it in since the mid-1970s with 
growing momentum (see discussion on climatic oscillations in Section 7.5.5). 

The United Nations Conference on the Law of the Sea (UNCLOS) process (1958-
1994) and particularly its last “leg” (UNCLOS III, starting in 1973) generated immense 
hopes about the adoption of a new Law of the Sea establishing a new and more effective 
and equitable international order of oceans and fisheries. The allocation of clear rights 
and responsibilities to coastal countries was deemed necessary to stop overfishing 
by long-range fleets –and implicitly rebuild stocks. The developing Law of the Sea 
Convention (LOSC) was applied even before its adoption in 1982, first unilaterally, 
then as customary law. In the 1970s, in attempts to curb overfishing and restore their 
resources, leading States started to complement catch limitation policies (using TACs 
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and national quotas) with effort and capacity limitations (limited entry schemes, 
effort quotas) and, later, with communal or individual use rights (e.g. catch shares, 
concessions). 

The 1982 LOSC (which came into force only in 1994) considers restoration in Article 
61.3 which states that conservation and management measures shall also be designed 
to maintain or restore populations of harvested species at levels which can produce the 
maximum sustainable yield (emphasis added). Article 61.4 extends that obligation to 
associated and dependent with the view to maintaining or restoring populations… 
above levels at which their reproduction may become seriously threatened. In Article 
62.4, the Convention lists the instruments that may be used for maintenance at 
MSY, assuming implicitly therefore that these are also to be used to restore depleted 
resources as the obligation to maintain resources close to their MSY in the long term 
implies automatically the need to restore them to that level if overfishing has occurred.

The continuous expansion of fisheries between the 1960s and 1990s, across the ocean 
space and the spectrum of resources available, have at least partially masked, for some 
time, the ongoing sequential overfishing and depletion of many resources (Garcia and 
Newton, 1997; see Section 7.5). The unsustainable aspects of ongoing developments, 
stressed again by the 1984 FAO World Conference on Fisheries Management, has been 
repeatedly addressed also at UNCED in Rio de Janeiro in 1992, WSSD in Johannesburg 
in 2002, UNCSD in Rio de Janeiro in 2012, and by the FAO Committee on Fisheries 
(COFI) for decades.

The resources rebuilding problem became more globally tangible in the 1990s. In 1992, 
in concomitance with UNCED and 10 years after adoption of the LOSC (which would 
come into force only two years later), FAO published a special chapter of the State of 
Food and Agriculture (SOFA) on fisheries (FAO, 1993) exposing for the first time in 
the international arena the commonness of overfishing, the resulting degradation of 
resources and the significant economic loss it represented8 (about US$ 50 billion) despite 
the early implementation of the LOSC and extension of jurisdiction since the 1970s. 

The 1992 UN Conference on Environment and Development (UNCED) Agenda 21, 
in its Chapter 17 on oceans and coastal areas, echoes the LOSC requirement to restore 
depleted resources with no further guidance on how to do so (United Nations, 1992). 
Simultaneously, the Convention on Biological Diversity, adopted in 1992, stressed 
inter alia the need for maintenance and recovery of viable populations (Preamble) and 
defines sustainable use as a use which avoids long-term declines. Article 8g provides 
that Parties shall rehabilitate and restore degraded ecosystem and promote the recovery 
of threatened species… The Convention stresses the need to avoid and minimize 
significant adverse impact (e.g. in Article 14). More guidance will be developed ten 
years later through the Biodiversity Impact Mitigation (BIM) Strategy (Section 3.3.2). 

The 1995 the UN Fish Stock Agreement9 (UNFSA) specifically addressed the need to 
restore depleted stocks, whether targets stocks (Art. 5b) or stocks of associated and 
dependent species (Art. 5e). The goal is to restore target stocks at least at levels capable 
of producing MSY and non-target stocks above levels at which their reproduction may 
become seriously threatened. 

8 The same amount of loss was confirmed later on by Garcia and Newton (1997) and World Bank and 
FAO (2009)

9 The United Nations Agreement for the Implementation of the Provisions of the United Nations 
Convention on the Law of the Sea of 10 December 1982 relating to the Conservation and Management 
of Straddling Fish Stocks and Highly Migratory Fish Stocks (in force as from 11 December 2001).
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The 1995 FAO Code of Conduct for Responsible Fisheries (CCRF) requires 
rehabilitation of depleted populations (Articles 6.3) and rebuilding or recovering 
of depleted stocks (Art. 7.2.1; 7.2.2e) as well as rehabilitation, restoration and 
recovery of degraded resources and habitats (Articles 6.8 and 7.6.10). The apparently 
indiscriminate use of the underlined terms in the same article implies that they are 
considered as synonyms. Both the UNFSA and the CCRF require that excessively 
reduced populations be actively restored, i.e. taking action to reduce fishing impact 
independently of whether the driving factor of decrease is fishing or the environment. 

In 1994, the advice provided by FAO on request to the UNFSA Conference10 about 
the precautionary approach –prescribed by UNCED in its 1992 Rio Declaration and 
elaborated by FAO for fisheries (Garcia, 1994; FAO, 1996) included the need to adopt 
action-triggering thresholds and management strategies which include pre-agreed 
courses of action, automatically implemented if the stock or the environment approaches 
or enters a critical state as defined by pre-agreed rules, criteria and reference points (see 
also Caddy and Mahon, 1995). It also included the need to impose special measures if 
the stock faces unfavourable environmental conditions. In 1995, both the CCRF and 
the UNFSA recommended the application of the Precautionary Approach to Fisheries. 
The FAO Guidelines on the Precautionary approach (FAO, 1996) developed a specific 
set of management recommendations for overutilized fisheries (§ 48) in addition 
to those applicable to “ordinary” management. These measures included: limiting 
access to the fishery; putting a cap on capacity and mortality; establishing a specific 
recovery plan to rebuild the stock within an acceptable time frame; reducing fishing 
rates long enough to rebuild the spawning stock; taking immediate action even on 
circumstantial evidence (including closing the fishery); in case of good recruitment, 
giving priority to rebuilding spawning stock over increasing catches; removing 
definitively overcapacity and perverse subsidies; checking effort transfers on other 
resources; defining rebuilding reference point for spawning stock, spatial distribution, 
age structure and/or recruitment; and checking species extension and critical habitats. 
These remain key elements to be considered for a resource rebuilding plan. 

In 2002, the Plan of implementation adopted by the UN World Summit on Sustainable 
Development (WSSD) explicitly considered the need to reverse the current trend in 
natural resources degradation as soon as possible. To achieve sustainable fisheries, it 
committed States to maintain or restore to levels that can produce MSY, with the aim of 
achieving these goals for depleted stocks on an urgent basis and where possible not later 
than 2015. This was the first time that States internationally agree adopted something 
specific for depleted stocks, requiring their urgent rebuilding. 

The WSSD target date of 2015 was obviously missed but the idea remained and, in 
2010, the date was pushed back in the Aichi Target 6 adopted by the CBD which 
requested inter alia that by 2020 … recovery plans and measures are in place for all 
depleted species11… and the impacts of fisheries on stocks, species and ecosystems are 
within safe ecological limits. 

10 The United Nations Conference on Straddling Fish Stocks and Highly Migratory Fish Stocks, at 
its second session, held in New York from 12 to 30 July 1993, requested the Food and Agriculture 
Organization of the United Nations (FAO) to prepare an information paper on the precautionary 
approach in fisheries management [A/48/479, para. 17 (c)].

11 Target 6 states that: by 2020 all fish and invertebrate stocks and aquatic plants are managed and harvested 
sustainably, legally and applying ecosystem based approaches, so that overfishing is avoided, recovery 
plans and measures are in place for all depleted species, fisheries have no significant adverse impacts 
on threatened species and vulnerable ecosystems and the impacts of fisheries on stocks, species and 
ecosystems are within safe ecological limits. https://www.cbd.int/sp/targets/rationale/target-6/
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The same target date has been retained in the Sustainable Development Goals initiated 
at the UN Conference on Sustainable Development (Rio, June 2012). The SDG 14.4 on 
oceans states that by 2020, effectively regulate harvesting and end overfishing, illegal, 
unreported and unregulated fishing and destructive fishing practices and implement 
science-based management plans, in order to restore fish stocks in the shortest time 
feasible, at least to levels that can produce maximum sustainable yield as determined by 
their biological characteristics (https://sustainabledevelopment.un.org/sdg14).

Starting in 2016, a new United Nations process will examine the possibility to adopt a 
new implementation agreement to UNCLOS for the conservation and sustainable use 
of marine biodiversity in areas beyond national jurisdiction (United Nations 2016). 
At the time of writing this document, the exact scope and content of such Agreement, 
beyond the management of MPAs in the High Sea was still not defined and its relevance 
to fisheries resources rebuilding is unknown.

Today, more than a quarter of the world stocks (Worm et al., 2009; Costello et al. 2012; 
FAO, 2016) are overfished and hundreds of populations historically exploited have 
apparently disappeared (Dulvy et al., 2003) putting fisheries rebuilding from different 
degrees of depletion, in the forefront of international concern.

1.3 THE NEED FOR A NEW FOCUS ON REBUILDING

Section 1.2 shows that, since the early 1990s, a growing attention has been accorded 
to the issue of rebuilding of depleted resources. However, rebuilding has always been 
implied as a necessity when resources were accidentally overfished, and a genuine 
question is: do we need a special focus, strategy, plan and measures for resources 
rebuilding? Is the conventional guidance available in fishery management manuals 
and guidance not sufficient? We argue in this section that a specific emphasis for more 
decisive and successful efforts is needed. 

The most ecologically and economically effective fishery management strategy is the 
one that succeeds in maintaining stocks in some equilibrium around their management 
target level, with minor accidental departures from that target and rebuilding needs 
(Costello et al., 2016). However, when overfishing has become significant, depleting 
many inter-connected stocks below safe levels and threatening fisheries’ viability and 
communities’ livelihoods, rebuilding should become the priority as a particularly 
difficult endeavour, often requiring drastic measures and special safety nets. There 
are many management success stories (e.g. in Cunningham and Bostock, 2005; Worm 
et al. 2009; Costello et al., 2016; Hilborn and Costello, 2017). Notwithstanding, the 
need for a special rebuilding focus has become imperative as, despite these successes, 
excessive depletion has spread on a significant proportion of national and international 
resources. Fishing is deemed to be one of the major human-induced stressors affecting 
marine ecosystems at many scales worldwide, particularly off continental areas with 
small human populations and limited land-based sources of pollution and degradation 
(NRC, 1999a; Hall, 1999, Gislason et al., 2000) and it has been argued that fisheries face 
a major, pandemic problem (Link, 2010). 

There are many inter-connected reasons for that situation: weak legal and policy 
governance frameworks; incomplete or inaccurate fishery and ecosystem data; partial 
scientific understanding of population and ecosystem processes; necessarily simplistic 
assessments; ineffective management implementation; poorly understood sectoral and 
intersectoral dynamics and environmental variability. 
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It is generally agreed that in most fisheries and large marine ecosystems, the status 
quo is not a viable option. The numerous and significant consequences of excessive 
depletion do call for a special effort from legal, ecological and socio-economic angles:

1. From a legal perspective, the LOSC is violated when stocks are driven below 
BMSY and the CBD is violated when fishing generates biodiversity loss (cf. Section 
5.2);

2. From an ecological perspective, maintaining stocks productivity is essential (cf. 
Chapter 3) and society at large expects to have an enjoyable and functional life-
supporting ecosystem and has institutions such as international summits and 
agencies, national political parties and NGOs, pushing for it (cf. Section 5.3);

3. From a socio-economic perspective, excessive depletion generates unsustainable 
present benefits but also heavy present and future costs in terms of decreased 
catches, catch rates, unit value, revenue; livelihoods, food security and resilience, 
threatening local vulnerable communities and food security (cf. Chapter 4). 

Moreover, medium- to long-term interannual oscillations and the spectre of climate 
change, raise the probability of excessive depletion and collapse through increased 
temporal and spatial misalignment between fishery power and ecosystem productivity. 

Fisheries may also need rebuilding for reasons unrelated to the biological state of 
the stock, e.g. because of changes in: policy and management of the fishery; general 
economic conditions; profitability; and the level and nature of the demand (Consumer 
preferences) and related trade patterns (Larkin et al., 2011). 

Considerations on rebuilding are intimately mixed with more general considerations on 
overfishing, stock size variability and risk of extinction, as well as on policies, strategies 
and approaches to ensure sustainable fisheries and maintain ecosystems structure 
and function. The reason is that the approaches and measures advocated to ensure 
sustainability should avoid depletion, and it is assumed that if overfishing and depletion 
occurred, the same measures, more effectively applied, are also those that will allow 
recovery and rebuilding. For example, arguing that delayed conventional management 
action results in increased probability of collapse and longer rebuilding times may 
suggest that conventional management instruments will permit such rebuilding if it 
occurred. It may be symptomatic that key documents like the FAO Code of Conduct 
(FAO, 1995), the FAO guidelines on fisheries management, (FAO, 1997b) or on the 
Ecosystem Approach to Fisheries (EAF) (FAO, 2003), as well as the handbook for 
fishery managers (Cochrane and Garcia, 2009) or the good synthesis on ecosystem-based 
fisheries management (Link, 2010) do not have a dedicated section on restoration. 

Resources rebuilding requires particular attention because it is more complex than 
ordinary management. In a rebuilding process, complexity increases because collapsing 
resources and fisheries are unstable, more vulnerable to other drivers, and the 
approximations tolerated in ordinary fishery management become very dangerous. In 
addition, rebuilding from deep depletion is expected to be more effective with a good 
understanding of the causes of depletion and collapse (e.g. the interaction between 
excessive fishing and environmental oscillations) and their social and economic 
consequences, calling for a focus on dedicated multi-disciplinary research e.g. for 
more accurate and finer analysis of transitional pathways. As the degree of depletion 
increases it become increasingly necessary to consider (i) target and non-target species 
interactions within species assemblages and food chains; (ii) critical habitats and 
environmental driving factors (climate, pollution, general environmental degradation); 
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(iii) the social-ecological system they constitute with human beings, and (iv) the 
distribution of costs and benefits among stakeholders and between the short and long 
terms, when designing and implementing recovery or rebuilding plans. 

Because of this complexity, it has also been argued that heavy overfishing and collapses 
might push resources beyond rebuilding point. The classical Cartesian, determinist 
and reductionist view of controlling Nature by adjusting human actions and hence 
the possibility to avoid –or reverse– depletion by adjusting fishing pressure has 
been the central credo across the 20th century, with good reasons. For decades, 
national and international management agencies managed fisheries in a context of 
growing fishing capacity rapidly and, faced with cases of accidental depletion, applied 
corrective (recovery) plans, effectively closing fisheries, either totally or partially and 
introducing additional measures to control fisheries’ impact. While these plans were 
not all successful, most stocks were recovered, with recovery times12 generally of less 
than a decade, and pelagic species recovered rapidly when environmental conditions 
were favourable. On 40 cases of depletion and collapse that occurred and were acted 
upon between 1980 and 2003, 68 percent resulted in recoveries, 25 percent failed, and 
8 percent yielded unclear outcomes (Caddy and Agnew, 2004). 

This rather high level of success indicates that rebuilding is possible, but it is also being 
progressively discovered that regulating fishing pressure on the “stock” being managed 
may not always be sufficient to recover it and that other factors are at play in the fisheries 
social-ecological systems (c.f. Caddy and Agnew, 2004; Swasey and Rosenberg, 2006; 
Wakeford et al., 2007; Hammer et al., 2010; OECD, 2012; ICES and NAFO, 2014). 

1.4 REBUILDING IN THE LITERATURE

Nonetheless, the number of papers touching explicitly on the issues of restoration, 
rebuilding or recovery has increased exponentially after 1990 (Figure 1). This trend 
corresponds to the time period when recovery management plans have started being 
developed (Caddy and Agnew, 2004). 

12 Recovery times depend heavily on the “cooperation” or otherwise of the environment. The intrinsic 
factors of recovery time are: (i) the number of age classes and (ii) the probability to have a series of above 
average year classes. (as perceived in available time series) (Caddy and Agnew, 2004: 98)
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In the growing flow of efforts on the subject, the following play a central role (in 
chronological order):

•	 The Workshop on Defining overfishing. Defining rebuilding. A NOAA-NMFS 
meeting organized in La Jolla, California, 31/3-02/04/1992 (Rosenberg, 1993);

•	 The overview of global experience with recovery plans for depleted marine resources 
and suggested guidelines for recovery planning by Caddy and Agnew (2004);

•	 The evaluation of rebuilding plans for US fisheries by Swasey and Rosenberg (2006);

•	 The review of institutional arrangements and evaluation of factors associated with 
successful stock recovery programmes by UNCOVER (Wakeford et al., 2007);

•	 The symposium on Rebuilding depleted fish stocks: biology, ecology, social science, 
and management strategies, organised by ICES, PICES and the UNCOVER project 
in Warnemunde, Germany, 3–6 November 2009 (ICES/PICES/UNCOVER, 2009); 

•	 The work undertaken at OECD on rebuilding programmes and strategies, with an 
economic focus (OECD, 2010, 2012);

•	 The CURRA13 International Symposium on Rebuilding Collapsed Fisheries and 
Threatened [human] Communities, held in 2012 (Ommer and Neis, 2014); 

•	 The symposium on Gadoid Fisheries. The Ecology and Management of Rebuilding” 
held ICES and NAFO in St Andrews, Canada, 14-18 October 2013 (ICES and 
NAFO, 2014).

1.5 TAKE-HOME MESSAGES 

The international concern about rebuilding of depleted resources has increased with the 
level of overfishing. The obligation enshrined in the 1982 LOSC obligation to maintain 
and restore stocks at their MSY level, has been retained in all the LOSC-related 
instruments. The action required for rebuilding, in addition to “ordinary” management 
measures, has been progressively better specified, particularly with the adoption of the 
precautionary approach. The pressure exerted by the United Nations Summits (e.g. in 
1992, 2002, and 2012) has strengthened the capacity of States, individually or through 
Regional Fisheries Management Organization, to stop overfishing and reverse negative 
resources trends. 

While good precautionary management is the most effective avenue to sustainability, a 
new focus on rebuilding is needed to face: (i) the high proportion of stocks overfished 
–some of which well below the minimal safe biological level; (ii) the continuous and 
numerous violations of the LOSC and CBD requirements; and (iii) the high risk 
incurred by the sector and the vulnerable coastal and fishing communities, aggravated 
by climate change.

The scientific literature reflects a rapid increase of interest since the 1990s. It indicates 
that rebuilding is possible but not always certain, and that the outcomes and their 
timing were not accurately predictable. Regulating fishing pressure on the depleted 
stock may not always be sufficient to recover it and other factors are at play in the 
fishery social-ecological systems.

13 Community-University Research for Recovery Alliance, http://www.curra.ca
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Stocks, overfishing, depletion, collapse (and possibly extinction) and rebuilding (also 
referred to as rebuilding, recovery or rehabilitation) are the sequential phases of the 
process of overuse and decline of natural resources and their actively managed return 
to healthier and mandatory levels. The terms are technically and sometimes legally 
defined. Their usage differs slightly between biodiversity conservation and fisheries 
management as well as within the fishery arena sometimes creating confusion. 

In the 21st century the required re-establishment of ecosystem structure and function 
implies the need to re-establish not only single stocks, but also multispecies 
assemblages, habitats, ecosystems and fisheries, addressing both legal obligations and 
widely accepted scientific concepts. 

Our use of terms, in the book, is partly constrained by their use by the authors who are 
cited, to avoid adding confusion and facilitate reading. However, as much as possible, 
we refer preferably to “restoration” when addressing general international obligations 
to counter unacceptable reductions of resources, particularly non-fishery species (e.g. 
seabirds) habitats and ecosystems. We instead refer mainly to “rebuilding” or “recovery” 
as synonyms, for exploited populations and stocks as well as multispecies assemblages. 
By extension, we use “rebuilding” also when referring to the process of re-establishment 
of fisheries (including its human components) or a complex fishery sector.
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2. Evidence of depletion, collapse 
and rebuilding

In this chapter, we focus on the evidence available regarding the levels of depletion 
in fisheries, (reviewing the state of world stocks), the occurrence of collapses and the 
successes and failure of rebuilding. We will use the term “rebuilding” as most of the 
information referred therein is on fishery stocks and this is the term most used in stock 
assessment and management.

The rebuilding of a stock or a multispecies assemblage, or the restoration of a 
productive ecosystem is: (i) an active intervention to halt their degradation and return 
them to initial, mandated or improved conditions; and (ii) the successful outcome 
of such intervention. In theory, the need for rebuilding of a target stock becomes 
mandatory when the stock is depleted below its MSY level. For associated and 
dependent species, rebuilding is mandatory when they are driven below the level at 
which their reproduction is threatened. The restoration of a critical habitat degraded 
by destructive fishing practices intends to bring it back to its initial functionality in 
sustaining useful stocks. The restoration of a degraded ecosystem might not aim at 
returning to an initial state, but to any useful state and structure, particularly in very 
damaged or converted inshore and coastal areas (e.g. polluted estuaries; disused docks 
and other heavily modified water bodies). Such cases would usually be marginally 
relevant for fisheries and their recovery would not be under a fishery agency mandate. 
They will not be addressed in this document.

A stock may be sustainably used at many levels of fishing pressure below and above 
the MSY level as long as the removal is equal to the annual production. The maximum 
annual production (and Maximum Sustainable Yield, MSY) are obtained at a level of 
depletion that depends on the species and fishing regime but is close to half of the 
unfished stock biomass, often 40 percent of it. The 1982 Law of the Sea Convention 
(LOSC) provides that all stocks should be maintained or restored to that level 
(cf. Section 5.2.1). Beyond that level, catches start decreasing, signalling excessive 
removals. Stocks are then referred to as “overfished” and the situation is referred to 
as “overfishing” as long as the fishing mortality is above that mandated for the “MSY 
level”. Stocks are referred to as “depleted” when they have been severely overfished, 
e.g. driven to a level of biomass close to the minimal safe reproduction limit. Beyond 
that limit, they are referred to as “collapsed” (cf. Section 1.1). 

Maintaining stocks in the highest productive state possible has always been a 
central aim of fishery management, whether traditional, conventional, or ecosystem-
based. However, excessive depletion and sometimes collapse, often coinciding with 
unfavourable environmental conditions, have been a constant feature of fisheries 
history. For decades, overfishing of some stocks have been masked by the discovery 
of others (Garcia and Newton, 1997), leading to the concept of sequential overfishing. 
The concern for excessive depletion and the need for rebuilding have grown and moved 
into the public arena (see below), together with fisheries intensification and geographic 
expansion, and the progressive realization of its combined biological, ecological and 
economic costs, getting more traction since the 1990s. 
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2.1 EVIDENCE OF DEPLETION: THE STATE OF WORLD STOCKS AND FISHERIES

We have seen in Section 1.1.2 that in management of natural living and non-living 
resources, the general meaning of “depletion” is the consumption of a resource faster 
than it can be replenished so that its abundance decreases with its increased use. In 
fisheries, the stock net productivity or annual surplus production, increases with the 
reduction in biomass until it reaches the maximum, corresponding to the MSY level 
prescribed by the LOSC. The term “depletion” is used when the stock is driven below 
this level. The term “deep depletion” or “collapse” may instead be used when stocks 
have been driven below their minimum safe biological level. 

Depletion has been described at global level, in international regional fisheries, as well 
as at national and single fishery level. Global analyses have been useful in drawing 
attention to the growth of depletion problem as a global “systemic” issue, e.g. at the 
United Nations and FAO levels as well as other pertinent global institutions such 
as IUCN, CBD, CITES, World Bank, GEF, etc. Global analyses have also drawn 
attention of governments on a globalizing issue. They have triggered national action to 
identify sectoral and local depletion issues, and to put in place the needed policy and 
legal frameworks and rebuilding plans. 

The situation of global fisheries is highly diverse but the situation in European waters, 
where stocks are well assessed may give an idea. In 2009, the EU document “Fishing 
Opportunities for 2009: Policy Statement” indicated that for stocks where the status 
is known, 68 percent were at high risk of depletion, and 32 percent were known to be 
fished sustainably. In addition, EU scientists have also advised that fishing be ceased 
for about 19 percent of European managed stocks given their poor status (Khwaja and 
Cox, 2010).

Global assessments of state of stocks and fisheries followed different streams that are 
presently merging and are examined in some detail below:

1. Compilation of conventional stock assessments, usually limited to large or high-
value resources under modern management (Section 2.1.1); 

2. Catch or landings14 trends analyses which provide a more comprehensive picture 
of the trends, covering many more resources, including in data-poor situations. A 
controversy emerged in the 2010s as to the accuracy of catch trends analysis when 
compared with formal assessments (see Section 2.1.2); 

3. A combination of (1) and (2) using catch/landings trends and population 
parameters available in standard databases to improve the global coverage of the 
assessment and its quality, reducing ambiguities. More recently, a new method 
(“super-ensemble”) was proposed by Rosenberg et al (2017) attempting to 
combine statistically various estimates into a common outcome.

We will see below that the picture emerging from the different streams of assessments 
is convergent in pointing to a progressive global degradation of the state of stocks 
as overfishing spread, paralleled, since the 1990s by a progression in management 
performance in developed leading nations and on high value resources, while 
overfishing progressed in other stocks and areas. 

14 In most instances, these analyses undertaken at global level use the FAO database on reported landings 
(not catches). Eventual problems are discussed in Section 2.1.2.
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In terms of resources and fisheries rebuilding, the results indicate that the ecological and 
socio-economic impacts of overfishing may be reversible when effective management 
approaches are used, but that major efforts are still needed to tailor and generalize these 
approaches worldwide. 

2.1.1 Conventional stock assessments 

The global compilation of conventional assessments undertaken at national and 
regional levels generates “snapshots” on the state of fishery resources which were 
used by FAO as a global indicator of fisheries development trends and management 
performance. This section provides a detailed record of such assessments in a close-to-
chronological order, a historical perspective on state of formally assessed stocks, and 
a comprehensive statement on their current status, clarifying differences in reference 
and terminology used.

The first global assessment of the potential of world fisheries resources undertaken 
under FAO leadership in the late 1960s (Gulland, 1970; 1971) was followed by a series of 
regional reviews which added detail and progressively updated the global review. Since 
then, FAO has been monitoring the assessments undertaken nationally and in regional 
fishery bodies, compiling reports. Following its first report (FAO, 1974), FAO produced 
updates about every two years for consideration by the Committee on Fisheries (COFI), 
published first in the Fisheries Circular series, then in a more complete form in the 
Fisheries Technical Papers (since 2005) with summaries and partial updates in its biennial 
report on the States of Fisheries and Aquaculture (SOFIA) since 1997. 

The first synthesis on assessed stocks (FAO, 1989) showed that since the mid-
1970s (when the UNCLOS III process started) the proportion of stocks that 
were overfished had increased and the proportion of stocks still underused had 
decreased. The result illustrated the fact that the intense fisheries development of the 
1970s-1980s had outpaced fisheries management, despite the unilateral extensions 
of EEZs in the 1970s and the adoption of the LOSC in 1982. These negative trends 
were stressed again by Alverson et al. (1994) and in the successive FAO-led reviews 
as more data accumulated (FAO, 1992, 1993, 1996b, 1997, 2009a and 2016; Garcia and 
Newton, 1997). Other global analyses, using the Ram Legacy database of assessed 
stocks confirmed the diagnosis even if slightly different numbers were produced 
using the same or different data and methodologies (e.g. Worm et al., 2009; Anderson 
et al., 2012). 

Analysing 166 well-assessed stocks from the Ram Legacy (www.ramlegacy.org) database, 
Worm et al (2009) concluded that declining exploitation rates in the 1990s and 2000s had 
contributed to the rebuilding of some depleted stocks (e.g. in Iceland, the Northeast U.S. 
Shelf, and the California Current) whereas others remained at low abundance. Overall, 
63 percent of the stocks examined had biomass (B) below the traditional single-species 
management target of MSY (i.e. B < BMSY). For about half of these stocks (28 percent 
of the total) the current exploitation rates were low enough (i.e. F<FMSY) to allow 
rebuilding to BMSY if maintained, whereas overfishing (i.e. F>FMSY) continued actively 
in 35 percent of all stocks. They also showed that the proportion of collapsed taxa15 (that 
had fallen below 0.1B0) increased rapidly after the 1990s up to 14 percent in 2007 (see also  

15  i.e. mainly populations, stocks, species
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Figure 7). The same year, FAO estimated that 9 percent of world stocks were collapsed 
or “slowly recovering” 16 (FAO, 2009).

Using catch trends calibrated with biological reference points, Anderson et al. (2012) 
estimated that in 2006, 32 percent of global fisheries were developing, 27 percent fully 
exploited, 25 percent overexploited, and 16 percent collapsed or closed. 

The latest compilation regarding well-assessed stocks provided by FAO (2016) 
confirms: (i) the continuous decrease in non-fully exploited stocks since 1974; (ii) the 
decrease in fully fished stocks until 1989 and their rising afterwards. Correspondingly, 
overfished stocks have increased from 10 percent in 1974 to 31 percent in 2013, at a 
slower rate though since 1990 (Figure 2). In 2013, 31.4 percent of the stocks appear 
overfished, 58.1 percent fully fished and 10.5 percent underfished.

2.1.2 Analyses of catch and landing trends

The first FAO analysis of trends in reported landings (1950-1994), provided the first 
comprehensive and continuous time series on the state of 200 main resources clusters 
according to various stages of development of their fisheries17 (Grainger and Garcia, 
1996; Garcia and Newton, 1997). This analysis was updated later (Garcia et al., 2005) 
(Figure 3). It showed: (i) a rapid decrease in the proportion of “undeveloped” resources 
between 1951 and 1970; (ii) a decrease of “developing” resources after the 1980s; (iii) 
a continuous increase in “mature” resources since 1950; (iv) an increase in “senescent” 
resources until the 1980s and a relative stabilization after that; and (v) a growing proportion 
of “recovering” resources, from 1 percent in the late 1970s to 7 percent in the late 1990s. 
Landings may vary for numerous reasons and not only stock size. For this reason, this 
analysis was proposed as a reflection on the state of fisheries and not of stocks. However, 
the huge increase in fishing capacity since WWII (Garcia and Newton, 1997; Garcia and 
Grainger, 2005) and the information available from formal stock assessments (Section 

16  The term intended to indicate the observation of a positive change in the biomass/catch trend but 
without knowledge on whether the stocks were subject to formal rebuilding processes.

17  Undeveloped: low stagnating landings; Developing: rapidly rising landings following initial stagnation; 
Mature: landing oscillating around a maximum average value; and Senescent: decreasing rapidly after a 
peak production period. The term “Collapsed” was used when landings fell at a small fraction of their 
maximum average value. “Recovering” was used for stocks showing a steady increase in landings after a 
long decline or collapse.
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State of assessed stocks (1974-2013)

From FAO (2016). The three categories of stock status are defined in relation to virgin biomass (B0): 
Non-fully fished (B>0.6B0); Fully fished (0.6B0<B<0.4B0); Overfished (B<0.4B0;) (FAO, 2011: Appendix) 
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2.1.1) indicated that global landing trends might be providing a more comprehensive albeit 
broad-brushed image of the overall state of the world resources even though, for single 
stocks, catch trends would need to be interpreted cautiously and with a lot of additional 
information at hand.  

These trends reflected the evolution of resources clusters. Formal stock-assessments 
reflected the evolution of single stocks. No global information was available, however, 
on what was happening in single EEZs, at the national fishery sector or sub-sectors 
level (e.g. pelagic versus demersal fisheries) even though it was at that level that 
information on the “state” of the fisheries was relevant, for development planning, 
development banks, and control of overall fishing capacity. Responding to a demand 
from the World Bank PROFISH project, the FAO landing database was analysed by 
fishing nation, aggregating at sector or sub-sector level the reported landings coming 
from the area accessible to local fleets (Garcia, 2009) (Figure 4). 

Categories have been delimited as follows: Undeveloped: stagnating low landings; Developing: rapidly 
rising landings; Mature: stable high landings, no trend; Senescent: declining landings; Recovering: 
catches rising after significant decline. Redrawn from Garcia and Grainger 2005

FIGURE 3
Development trends of the 200 main fisheries of the world
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FIGURE 4
Global percentages of the 168 assessed national fishing areas of the World in 

the three main phases of the fishery development cycle
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A similar and more detailed analysis was undertaken for the United Nations 
Environment Programme (UNEP) in the Mediterranean (Garcia, 2011) (Figure 5). 
Both papers recognize that total landing trends, in addition to being affected by discard 
rates or IUU fishing, can be affected by national management (catch constraints), local 
economy (lack of investment; aging fleets); sequential overfishing, etc. The papers 
conclude that interpretation of trends in aggregated landings, particularly at sub-sector 
or resource type level need to be done with local experts. Nonetheless, when undertaken 
at regional and global level, the results reflect known historical, geographical, 
ecological and socio-economic patterns (the Mediterranean case is quite illustrative in 
that respect). This indicates that these broad-brush analyses correctly apprehended the 
wide trends that have affected these fisheries at global, regional, national and sub-sector 
levels – very rarely considered by conventional stock assessment.

Other catch-trends analyses have been offered, producing similar trends (Froese and 
Kesner-Reyes, 2002; Pauly et al., 2008). Presented, however, as reflecting the status 
of stocks, they generated a controversy about the simplified methodology itself as 
well as the fact that variations in catches should not be confused with variations in 
stock biomass (Pauly et al., 2008; Daan et al., 2011; Branch et al., 2011; Froese et al., 
2012; Kleisner et al., 2013; Anderson et al., 2012). Nonetheless, the fact that national 
or stock catches steadily decline below their historical average maximum level if 
often considered as a sign of excessive depletion (e.g. in Lee and Midani, 2013, in the 
Republic of Korea). 

The colours indicate the proportion of developing (green), mature (yellow) and senescent (red) fisheries. See caption of 
Figure 4 for an explanation on these terms. (Garcia, 2011; by courtesy of UNEP Blue Plan Project).

FIGURE 5
Development of fisheries on bottom fish (top panel) and small pelagic fish 

(bottom panel) in Mediterranean countries (1952-2005)
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2.1.3 Comprehensive stock assessments

Section 2.1.1 referred to the state of stocks that had been formally assessed, using 
conventional stock-assessment methodologies. The large majority of world stocks, not 
being covered by such assessment, the implicit assumption that the state of assessed 
stocks could be used as indicators for the state of world stocks was open to question. 

Consequently, new methodologies have been developed and advocated, in FAO 
(Vasconcellos and Cochrane, 2005) and leading scientific institutions (Costello, 2012; 
2016; Thorson et al., 2012; Anderson et al., 2012; Martell and Froese, 2013) improving 
assessment in data-poor situations by combining landings/catch trends and stock 
biological information (Rosenberg et al., 2014) and merging assessment from different 
models, in data-rich and data-poor situations (Rosenberg et al., 2017). These methods 
produced both cross-sections (snapshots) of the global situation as well as trends. 

For example, a comprehensive approach has been undertaken by Costello et al. 
(2016) using the FAO landings database (until 2012) including stocks that are usually 
unassessed for want of conventional stock assessment data (Figure 6).18 

The distribution of the state of stocks on a “Kobe Plot”19 shows the distribution of 
world stocks in relation to their B/ BMSY y and F/FMSY values. The stocks in quadrant 
I are not overfished (in terms of biomass) and not submitted to active overfishing 

18 According to the authors, the analyses used FAO landings database up to 2012 and the RAM database 
up to 2015.

19  The “Kobe Plot” originally used in tuna RFMOs shows the position of stocks relative to their MSY level, 
using B/BMSY and F/FMSY as reference axes, providing a useful synoptic picture. 

Dot-size scales to stock size at the moment of the assessment. The stocks appear either as “on target” 
(quadrant I), overfished in the past (quadrant II), under active overfishing (quadrant III). Stocks in quadrant 
IV are in an unstable position as B cannot be > BMSY for long if F>FMSY. The stocks on the left of 0.5 
B/BMSY are depleted. The dark tringle indicates the median. Courtesy C. Costello, 2017; Blim line and 
quadrant numbers added).

FIGURE 6
State of the world resources on a “Kobe Plot” (2012-2015)18
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pressure. The stocks of “conservation concern” (Costello et al., 2016) are in quadrants 
II (where F is not excessive, but B is too low) and quadrant III (where B is too low and 
F is too high. In the collapse area, defined using Costello et al. (2012) criteria of B<0.5 
BMSY, stocks should be under mandatory rebuilding plans. Costello et al., estimate that 
77 percent of the stocks are under “conservation concern”.

Using Costello et al. (2016) data20, Hilborn (2017) presented a global trend of fishery 
resources (Figure 7). Comparable to Figure 2 but covering also unassessed resources, 
the analysis confirms the progressive increase of the proportion of overfished stocks 
and the relative stability (or slight decrease) of the proportion of collapsed stocks since 
2000. The overall picture of the last decade (about 50 percent of stocks fished closed 
to their MSY level and about 25 percent underexploited or overexploited) indicates 
that despite claims of global mismanagement, the global fishery is still, on average, 
managed as expected by the LOSC but with deviations on both sides reflecting the 
very unequal capacity of States to develop and manage their resources. The source of 
concern, as already stressed by FAO 20 years ago (in Garcia and Newton, 1997) is 
the increasing trend in overfished stocks, indicating that the encouraging recoveries, 
mainly in developed nations and well-assessed high-value stocks (underlined by 
Worm et al, 2009; Hilborn, 2007, 2011, 2017), have been “compensated” by growing 
overfishing, probably in developing states and on low-value, small, poorly assessed and 
un-managed stocks. 

The assessments referred to above (and others not referred to here) have led to slightly 
different results for different reasons related to the selection of data and methods 
used, reinforcing each other but also creating some confusion. Rosenberg et al., 
(2017) managed to combine the results of different methodologies in a single “super-
ensemble” showing the quantitative estimation of exploitation status for about 780 fish 
stocks from all FAO regions (Figure 8). 

20  Covering a total of over 4,700 taxon/country combinations representing 78% of landings reported to 
FAO (not including landings reported under NEI aggregates).

FIGURE 7
Trends in global state of stocks, assessed and unassessed
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Overall, 12 percent of the stocks appear to be exactly at BMSY, 47 percent of the stocks 
above it and 53 percent below it. To be compared with FAO’s assessments the data 
must be distributed in stock status categories. In most recent FAO publications, stocks 
are defined as: “underfished” when B/B0>0.6; “fully fished” when 0.6>B/B0>0.4; and 
“overfished” when B/B0<0.4. Referring to the Schaefer production model (as FAO 
does) in which B0=2*BMSY, the categories become, “underfished” when B/BMSY>1.2; 
“fully fished” when 1.2>B/BMSY>0.8; and “overfished” when B/BMSY<0.8.  Using 
this categorization, Rosenberg et al. (2017) indicate that 17 percent of the stocks 
are “underfished”, 53 percent “fully fished” and 30 percent “overfished” including 
12 percent collapsed. These data are very similar to those obtained by FAO (2016) 
showing slightly more underfished stocks. 

It is important to stress that to be comparable, these numbers need to be based on 
similarly defined categories. However, there are no generally agreed thresholds to 
define these categories and this implies that it makes more sense to compare trends 
in stock status than absolute values at any time. For example, in New-Zealand, it is 
considered that in fisheries that are well-managed, at constant fishing rate of FMSY, 
fish stocks are expected to fluctuate around their targets level by about 50 percent. 
This means that a given stock has about 50 percent probability of achieving the 
target and that at any point in time 50 percent of stocks appear to be above their 
management targets and 50 percent below (Ministry of Primary Industries. 2017) 
(Figure 9). Classifying as “fully fished” stocks which are 50 percent above or below 
the target level will provide a much larger proportion of stocks in that category than 
taking (as FAO has done) only 20 percent on each side. One implication is that by 
having not defined the probability with which stocks should meet the MSY criteria, 
the LOSC, as interpreted, leaves a lot of leeway for definition, at national level, of 
what is an acceptable level of exploitation.   

FIGURE 8
Global distribution of B/BMSY status for 785 stocks in 2006-2010

Drawn with data from Rosenberg et al., 2017). The boundaries have been placed at B>1.2BMSY 
(underfished); 1.2-0.8BMSY (fully fished); and <0.8BMSY (overfished) which includes B<0.5BMSY 
(collapsed). The fully fished category is defined following Ye (2011) and the collapsed category following 
Costello et al. (2012)
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Thorson et al (2014) found, through simulations of real stocks behaviour, that: (i) 
unfished stocks have a virgin biomass below their deterministic B0 value 60 percent of 
the time and below 0.5B0 (i.e. below their generic MSY level) 5 percent of the time21;  
and (ii) stocks fished at their theoretical MSY level have a spawning biomass below 
(SBMSY) 60 percent of the time and below 0.5SBMSY (i.e. below collapse level) 8 percent 
of the time. The departures from expected values is higher with variable, high-natural-
mortality stocks like clupeids and scombrids than with long-lived, low-variability 
stocks. The authors conclude that this variability implies that management action may 
be prompted more frequently than [usually] expected. 

The implication is also that if a too narrow range is adopted for action-triggering 
reference values (e.g. like BMSY or Blim), frantic management and industry action will 
be needed, often for small changes (i.e. in TACs and quotas) of little relevance for 
the overall performance of the system but generating higher uncertainty and costs to 
administration and industry. The challenge is therefore to adopt reference values which 
limit sufficiently the risk of unwanted situations while allowing an acceptable level of 
stability in the system functioning, balancing the risks of “misses” (and costs to the 
stocks) and “false alarms” (and costs to industry) (cf. Section 7.5.2). One problem is 
that what might be the “acceptable balance” tends to be different for fisheries and for 
biodiversity conservation (Garcia et al., 2014). Another problem is that management 
action taken out of phase with the changes in stock size may also generate additional 
oscillations.

21  A result confirmed by earlier simulations (e.g. Laurec et al., 1980) and analysis of pre-fishery data (Soutar 
and Isaacs, 1974; Baumgartner et al, 1992; McClatchie et al., 2017).

FIGURE 9
Relationship between the management target and the soft and hard 
limits for a stock that is fished perfectly at an optimal constant rate 

that tracks fluctuations in stock size 

Modified from Min. Primary Industries, 2017). In FAO terms colours would correspond to: Underfished 
(dark green); Fully fished (light green); Overfished (yellow + red); Collapsed (red)
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2.1.4 Conclusions

The various analysis of trends in landings and in stock status give broadly similar results 
in terms of what happened to fisheries in the last 7 decades. As one would expect, as 
fisheries developed, on single or multispecies stocks, progressively covering the whole 
array of available resources, the number of fisheries and stocks that “failed” to meet the 
MSY norm increased. The fact that many if not most nations failed to control fishing 
pressure effectively and the proportion of stocks overfished or collapsed increased 
cannot be doubted. Many bottom and pelagic resources, coastal and offshore, small and 
large, have been impacted beyond their MSY level. 

The present situation is one in which about 50 percent of the stocks are above the 
level of biomass corresponding to their theoretical MSY and 50 percent are below 
that level (FAO, 2016; Rosenberg et al. 2017). Leaving aside a range of “fully fished” 
stocks which are around their MSY, a bit more than 30 percent of world stocks are 
overfished, including 7 percent of stocks depleted to the state of collapse. Collapsed 
stocks, including those just starting to recover but still well below safe limits, have not 
been systematically studied and distinguished from the general category of stocks that 
have been overfished but are still above safe limits. Nonetheless, the analyses of global 
landing trends by Grainger and Garcia (2005) and Pauly et al. (2008) have identified a 
small proportion of “recoveries”, i.e. showing clear signs of reversion on the decline 
process (see Section 2.1.2). Small differences in the analyses are the result of using 
different sets of years, different groups of stocks (well-assessed; usually unassessed, 
poorly informed; eliminating smaller ones). The state of unassessed stocks appears to 
be in worse state in Costello et al. (2012) but this is not confirmed by Rosenberg et al. 
(2017).

In terms of trends, these analyses have shown that the depletion process accelerated 
since the 1950s, significantly reducing the time it takes for a fishery to go through 
the standard development cycle, from undeveloped to fully developed and depleted 
(Garcia and Newton, 1997; Kleisner et al., 2013). Little attention has been given in 
these analyses to trends in “rebuilding”. Good examples exist, illustrating reversibility 
(Worm et al, 2009; Hilborn, 2007, 2011, 2017) but trends in success rate are not 
available (but see Section 2.2). 

Trends of biomass based on stock assessment (e.g. in terms of B/BMSY or F/FMSY) and 
landing trends are not exactly comparable despite their similarity (see Figure 2 and 
Figure 7). They are intended to illustrate the evolution of different phenomena using 
different methods22. The names of the categories used by FAO in these analyses were 
made purposely different. Obviously the two phenomena (state of stocks and landings 
profiles) are connected in the long term as developing fisheries reduce stocks’ size. 
However, it is generally agreed that, except for short lived species, the highest catches 
in the history of a rapidly developing fishery tend to be obtained while stocks are 
already being overfished (e.g. Daan et al., 2011; Rosenberg et al., 2014) so that, to some 
extent, overfishing and collapse levels in a fishery development history are probably 
reached earlier than the point at which landings start declining, and maximum catch is 
likely to be an overestimate of MSY.  

22  The state of stocks in terms of biomass and fishing mortality (Fig. 2) based on formal stock assessments 
versus the relative level of production (development) of the resources and fisheries in terms of landings 
(Fig. 3) based on landing trends analyses
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The diversity of approaches used and the differences in reference limits and terminology 
makes the evidence on state of stocks somewhat confusing. However, there is a lot 
more convergence and agreement worldwide than controversy on the current situation. 
We have a good idea of how widespread overfishing has been and is now. We start 
having more precise information on collapsed stocks which may require particularly 
urgent and costly measures, with higher uncertainty in outcomes. It might not be 
clear yet, for many stocks, whether they are overfished, depleted, or collapsed (deep-
depleted). There is not yet a universal agreement and use of the stock status categories 
–partly because proportions of stocks in the categories differ depending on methods of 
assessment, choice of information sources, and other details– but this document might 
help reaching some consensus (see Chapters 1, and 3). 

These global trends and snapshots of the types described above give “satellite” pictures 
of the fisheries world that are useful to contextualize policy discussions in COFI or at 
the UNGA, underlining the extent of depletion and hence the importance of rebuilding 
and the fact that some rebuilding is occurring. They are not useful, however, for specific 
management or rebuilding strategies for which stock-specific analyses are indispensable. 

2.2 EVIDENCE OF STOCKS COLLAPSE

Examples of rapid depletions and collapses retrieved in the literature are given in 
Table 2. The latter are often deemed to have involved both excessive fishing and 
environmental factors, and have sometimes been followed by partial or total recovery. 
The extent to which stocks recognized as depleted or collapsed in the past are still in 
the same state, is not known to the authors.

TABLE 2
Examples of known collapses related at least in part to fishing and mismanagement

Cod, Iceland (16th century)

Oyster, France (mid-19th century)

Mackerel, Pacific Ocean (1880)

Lobster, Canada (1890-1900)

Sturgeon, Wadden Sea (1900)

Halibut, N. Pacific (1920s) 

Plaice Iceland and Barents Sea (1925)

Haddock, Gulf of Maine (1930)

Small-tooth sawfish, Bermuda 1931

Sardine, Japan (1935-40)

Sardine, California (1946-48)

Herring, North Sea (late 1960s)

Yellow croaker, China (mid-1960s)

Sardine, South Africa (1960-1965)

Mackerel, Japan (1964-68) 

Seabreams, NW Africa (1965)

Herring roe, Canada (mid-1960s)

Herring, Atlanto-Scandian (1966) 

Herring, Pacific (late 1960s)

Abalone, California (1969-82) serial

Halibut, NE Pacific(1970s)

Mackerel, North Sea (1970s)

Cod, NE Atlantic (1970s)

Scallops, Georges Banks (1970s-1980s)

Anchovy, Peru-Chile (1972)

Capelin, Barents Sea (1972)

Sardinella, Ghana (1973)

Herring, North Sea (mid 1970s)

Sardine, Namibia (1975-1980)

Urchins, Barbados (early 1980s)

Southern bluefin tuna (early 1980s)

Groundfish, Calif.-Washington (1980s)

Swordfish, N. Atlantic (1982)

Bering Sea Red King crab (1983-84)

Cod, Iceland (1990)

Plaice, North Sea (1990s)

Cod, Canada (1992)

Haddock 4X5Y (1993) 

Scallop, US Georges Bank (1994)

Groundfish, Canada (late 1990s)

Orange roughy, Challenger Plateau (2000)

Rockfish, N. Pacific (2000), 

Urchins, British Columbia (2004-2005)

Northern shrimp, Labrador (2013-14)

Most of the examples involve also environmental factors. The list has been compiled from various sources and is certainly not 
exhaustive. Dates in brackets are indicative only (see discussion on historical trends below). Sources: FAO, 1967; Glantz and 
Thompson, 1981; May ,1984; Troadec, 1989; Cury and Roy, 1991; Caddy and Agnew, 2004; McIntyre, 2010; Bolster, 2012; 
Ólafsdóttir, 2016; Hilborn and Walters, 1992; Dulvy et al., 2003).
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This list is probably not exhaustive. More cases are likely to be found with a deeper 
search of the grey literature. In addition, many resources are likely to have been 
depleted without notice, e.g.  in early decades of fish development in all areas; in 
the developing world in the 1960s and 1970s when local research capacity was still 
limited; or in remote areas such as on Indian Ocean seamounts in the 1960s. In the 
Gulf of Biscay (France), for example, close to half of the important species which 
where commercially targeted in the 18th and 19th century is commercially extinct today 
(Bouchet, 2003). Unsurprisingly, these are intrinsically vulnerable species including a 
sawfish, 4 sharks and 6 rays. It is not clear whether stocks that have been declared as 
collapsed many years ago are still in that state.  

Grainger and Garcia (1996) provided also some evidence of “collapses” at the level of 
resources aggregates. Their analyses of landing trends at global level started with the 
premises that the numerous fisheries of the world constitute a complex world fishery 
system, progressively globalised around common technologies and highly international 
market, with common legal frames and similar systems of governance (in intent if not 
in effectiveness). They examined the trajectories of 200 resources clusters in different 
areas, representing 77 percent of world landings reported in the FAO database. The 
individual trajectories were rescaled for easier comparison. Similar profiles were 
grouped together and averaged. Twelve different profiles were identified showing the 
reported landing trajectories from 1950 to 1994 (Grainger and Garcia, 1996: Table 4). Eight 
of them present a clear sustained phase of more-or less rapid and important decline. 
The others show continuous growth or growth followed by a plateau but no decline. 
Table 3 visualizes the profiles and the areas/resources concerned.

TABLE 3
Landing profiles for the period 1950-1994 showing types and periods of depletion and 
rebuilding for different resources in different areas

Abbreviations; A=Atlantic Ocean; P=Pacific Ocean; MED=Mediterranean Sea; I=Indian Ocean; E= East; 
W=West; S=South; N= North; C= Central. Redrawn from Grainger and Garcia (1996: Table 4).

ANE (Haddock; Whiting; Plaice); ANW (Herring, silver hake, 
Mackerel, Plaice); ASE (Hakes; Cunene horse mackerel); 
PSE (Anchoveta)

ANE (Picked dogfish: Albacore; Wolffish); ANW (Cod); 
PNW (Herring; Large Yellow croaker; Greater lizard fish); 
IE (Southern bluefin tuna); MED (Jack mackerel)

ANE (Cod); PEC (Jack mackerel)

ANE (Herring; Hake; Skates); ANW (Haddock);  PNE (Herring)

ANE (Anchovy); ANW (Redfishes; Red hake); 
ASE (South African pilchard); PNE (Ocean perch);  
PNW (Yellow croaker; Albacore; Frigate tuna; Bullet tuna)

ANE (Blue whiting; Redfishes); ANW (Saithe); PNW (Japanese 
pilchard; Filefishes; Threadsail filefish); PEC (California pilchard); 
PSE (South American pilchard); MED (Horse mackerel; European sprat)

ANE (Common dab); AWC (Menhaden); ASE (Sardinella); 
PEC (California anchovy; Skipjack); MED (Anchovy); 
PNW (Flathead grey mullet);

ANE (Pilchard); PNE (Halibut); PNW:  Saury; Japanese Jack mackerel; 
Yellowfin tuna; Bigeye tuna
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Looking at the highest and lowest values of the decline section in each profile, and 
if we consider that sustained landings of 10 percent of their highest sustained value 
indicate a collapse, profiles 1. 5 and 8 may be only indicating low frequency natural 
oscillations while profiles 2, 3, 4, 6 and 7 may be showing a collapse. In profile 2, 3 
and 4, the collapse had started in the 1950s-1970s, was progressive, and decline was 
observed for 25-30 years. In profiles 6 and 7, the collapse started in the 1980s, and the 
drop was very rapid (less than a decade).  The periods of sustained increases correspond 
to known phases of regional fisheries development. As capacity or TAC reduction 
programmes were still very rare in the period covered by the analysis, the authors 
argued that the declines, labelled as a phase of senescence of the fisheries concerned 
could indicate that the corresponding stocks were in urgent need of management at 
that time (Grainger and Garcia 1996: 31). The work done on these time series soon 
after by Klyashtorin (1998; 2001) indicated the presence of medium- to long-term 
cycles, likely of natural origin. Such cycles point to a possible combination of both 
intensive fisheries and environmental factors and stress that catch trends, by themselves 
cannot be safely interpreted. The importance of large scale climatic oscillations has also 
been demonstrated in the North Pacific for the Japanese chum salmon, Alaskan wild 
sockeye salmon in Alaska and Alaskan and Japanese pink salmon which fluctuate with 
ocean carrying capacity for salmon on 40- to 50-year oscillations (Kaeriyama 2002, in 
OECD, 2012).

2.2.1 Spatial distribution of collapses 

In terms of spatial distribution of depletion, Table 2 and Table 3 record depletions and 
collapses practically everywhere in the world Ocean. Figure 10 shows, however, that the 
higher identification of depletions is in the Northeast Atlantic and the Mediterranean, 
as could have been expected in the oldest fishing grounds of the western world, and 
in the Northwest Pacific. The southern hemisphere seems much less impacted but the 
rarity of cases in South East Asia and South Asia, the areas where most of the world 
population of fishers reside and where most of the world fish landings come from, 
requires further examination, particularly considering the potential difference in stocks 
monitoring and detection capacity between the southern and northern hemispheres. 
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The results reflect the information we managed to find, and it may not be exhaustive. 
The concentration of declines in the Northern hemisphere is logical as this is the 
hemisphere with more wealthy people with higher demand for high-value fish; from 
which massive industrialization and overfishing started to spread before WWI; and the 
hemisphere where monitoring of populations became more widely institutionalized in 
the 20th Century. The paucity of collapses in the southern hemisphere and Asia could 
be explained by: (i) insufficient quantitative assessments, China is a case in point (Cao 
et al., 2017); and (ii) the fact that in the multispecies-multigear fisheries of the tropics 
collapses are less conspicuous than in the large single- stocks fisheries of temperate/cold 
areas. Where large oscillating resources exist, e.g. in upwelling areas, important collapse 
have been seen, like in South Africa, Namibia, Peru, Mauritania, and Ghana. In coral 
reef areas, collapses might be at smaller scale and hidden by sequential overfishing.

Nonetheless, the more than 100 examples of collapses identified, illustrate the problem 
of depletion and, logically, the importance of a focus on rebuilding.  The spatial 
distribution of collapses identified, and the development history of fisheries imply 
that the need for rebuilding strategies is most evident in the Northern hemisphere and 
upwelling systems.

2.2.2 Historical trends in collapses 

In terms of historical distribution of depletion, Table 2 and Table 3 indicates that 
there have been depletions of fished populations for many decades and in some cases 
for centuries, as in the case of the Icelandic Cod which collapsed in the 16th century 
(Ólafsdóttir, 2016). Conversely, there are emblematic examples of natural collapses 
in unexploited populations such as the California sardine and anchovy for which 
Baumgartner et al. (1992) demonstrated for a period over 2000 years (A.D. 270-1970), 
the existence natural oscillations with a periodicity of 60 and 100 years and, for sardines, 
the occurrence of 9 collapses in 1700 years, followed by recoveries after about 30 years 
of very low abundance, in the absence of any fishery. Very recently, a new analysis 
of 500-year of this amazing paleorecord, demonstrated that, in California, Northern 
Anchovy, Pacific Hake and Pacific sardine were in a natural state of collapse about one 
third of the time (29-40 percent) in the absence of any fishing or other human-induced 
impact. Natural recovery times were 8 years for anchovy but 22 years for sardine and 
hake and the sardine and anchovy oscillations were correlated as they are today. The 
implication is that these species are fishable for 1-2 decades and relatively unavailable 
for another 1-2 decades. 

An extraordinary ecosystem shift is species composition has been observed also in the 
North Pacific (Gulf of Alaska) in which a shift in ocean climate during the late 1970s 
triggered a reorganization of community structure in the Gulf of Alaska ecosystem, 
as evidenced in changing catch composition on long-term (1953 to 1997) scientific 
surveys. Forage species such as shrimps and capelin declined because of recruitment 
failure and increased predation. Total trawl catch biomass declined by over 50 percent 
and remained low through the 1980s. In contrast, recruitment of high trophic level 
bottom fish such as Walleye Pollock, Pacific cod, Yellowfin sole, Flathead sole, 
Arrowtooth founder, Halibut, etc. improved during the 1980s, yielding over 250 
percent increase in catch during the 1990s. This trophic reorganization apparently had 
negative effects on piscivorous sea birds and marine mammals (Anderson and Piatt, 
1999). A more recent re-analysis of the data (Litzow et al., 2014) indicate, however, 
that internal variability is not sufficient and factors such as fishing and climate change 
might have been involved as well.
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These extraordinary demonstrations and others in Csirke and Sharp (1984) and Glantz 
and Thompson (1981) should remind us that depletions and rebuilding are likely to be 
significantly related with both fishing and the environment.  

As mentioned in the caption of Table 2, the dates mentioned in brackets for each 
reported collapse are only (and perhaps poorly) indicative. In some cases, they refer to 
the date when the collapse is reported for the first time.  In many others, they depend 
on authors’ decision regarding the starting of the “decline” identified as a collapse and 
in the time elapsed between the effective collapse and its discovery and reporting. In 
some cases, the collapse is “serial”, i.e. occurs in successive declining oscillations and 
the date referred to for the formal “collapse” within the declining sequence may be 
subjective. The purpose of the Table is only to confirm that important collapses have 
always existed and tend to be part of the history of fisheries and whether the stocks 
referred to therein as “collapsed” still are in that state. 

The information given in Table 2 is not sufficiently precise to calculate trends in the 
frequency of collapsed detected in the literature. We will only note that the numbers 
tend to increase in recent years, but it is not clear whether this reflects a reality one 
would expect considering fisheries development trends or an effect of increased 
information and attention in recent periods. Such a trend is evident, however in Worm 
et al, (2009) who showed that the proportion of taxa that had fallen below 0.1B0 (i.e. 
collapsed) had increased rapidly after the 1990s, up to 14 percent in 2007 (Figure 11).

Collapses have also occurred (at least in pelagic resources) well before fishing (Soutar 
and Isaacs 1974; Baumgartner et al., 1992; McClatchie et al., 2017) and have not really 
decreased with the development of fishery science. For decades, these examples have 
led to discussions on how to foresee unfavourable environmental conditions, on the 
relations between these conditions and recruitment success, on the role of fishing on 
the stock-recruitment relationship, and on ways to more safely manage “unstable” 
stocks (Glantz and Thompson, 1981; Csirke and Sharp, 1984) to avoid overfishing. 
It has been shown also that socio-economic factors such as profits and investments 
dynamics, delayed management decision-making, inertia in the production system, 
and a wrong spatial scale for management, could amplify –and even create – dangerous 
oscillations in the system, e.g. Allen and McGlade (1986) in the Nova Scotia groundfish 
fishery. 

FIGURE 11
Evolution of the proportion of stocks collapsed (below 10 percent of the 

unfished level) and mean maximum length of well-assessed stocks

Redrafted from Worm et. al. (2009). © 2009. National Academy of Sciences
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2.2.3 Collapse frequency 

The frequency of stocks collapses at different times was estimated (in different ways) as 
9 percent of assessed stocks by Garcia and Newton (1997)23, 8-14 percent of resources 
clusters by Garcia and Grainger (2005), 24–36 percent of stocks by Worm et al., (2006) 
and Pauly (2007, 2008), 7-13 percent by Branch et al. (2011). The same values are reported 
in SOFIA 2010 (FAO, 2010). Branch et al., argued that the catch assessment method as 
used by Worm et al. overestimated the proportion of overfished and collapsed stocks.

Using the FAO landings data base since 1950, Mullon et. al (2005) analysed over 1500 
time-series and found that about 25 percent of these figured a collapse, defined as the 
process through which stocks landings fall below 10 percent of their highest historical 
value. The number of collapses increased slightly from 1975 to 1995 and decreased 
slightly afterwards. This frequency is the same as the one found by Worm et al (2006) 
and Pauly (2007, 2008) using the same data and may suffer from the same bias.

The data available do not allow much inference on the evolution of the historical trends 
in frequency. 

2.2.4 Collapse trajectories

Mullon et al. (2005) identified three main types of collapse: (1) plateau-shaped; (2) 
smooth; and (3) erratic (Figure 12). The plateau-shaped collapse (A, 21 percent of the 
cases) is abrupt (steep slope) and happens unexpectedly after a long series of stable 
landings. The smooth collapse (B, 33 percent of the cases)) is a long gradual decline 
(lower slope than A) following a period of stable or raising landings. The erratic 
collapse (C, 45 percent of the cases) is a sharp decrease following a period of apparently 
random ups and downs. It may be less well characterized. The relation between the 
type of collapse and the species concerned is not very clear except that plateau-shaped 
collapses seem more frequent with herrings, sardines and anchovies. Erratic collapses 
are more frequent in small fisheries often miscellaneous pelagic fisheries. Smooth and 
plateau-types are more frequent in larger than average single species fisheries. 

23  6% deeply depleted and 3% recovering

FIGURE 12
Main types of collapses observed in the FAO landings database (A, B, C) 

and potential growth functions (D)

Panels A, B and C: dashed-line segments indicate that the plateau may be of variable length. Panel D: Conventional 
(continuous line) and depensatory growth functions. Redrawn from Mullon et al. (2005)

Yi
el

d

Yi
el

d

A. Plateau

Time

Time

D. Growth rate

Yi
el

d

Time

Yi
el

d

Time

B. Smooth C. Erratic



34 Rebuilding of marine fisheries - Part 1: Global review

Simulations indicated that smooth, progressive collapses could be produced using a 
classical surplus production function and stock-recruitment relationship. However, the 
generation of a plateau-type of collapse, with a crash after a period of stability, requires 
the growth function to be negative after a small-size threshold (i.e. depensation). 
Erratic collapses could be related to highly variable dynamics of species with short 
lifespan and high fecundity. Illustrations of rapid or smooth collapses in the Firth of 
Clyde (Scotland) fisheries is given in Figure 13 (Thurstan and Roberts, 2010).

Table 3, above, provided also some profiles of landings decreases across one to three 
decades- Profiles 2, 3, 4, 6 and 7, in which landing decreased by an order of magnitude 
may be showing collapse (cf. Section 2.2) even if smoothed by the aggregation process. 

An emblematic example is the collapse of the Canadian cod24, the abundance of which 
decreased by 94 percent from 1992 to 1994 (Maroto and Moran, 2014). At the end of 
this process, the depleted stock had been driven to an extremely low level of abundance 
and higher risk of extinction, particularly in case of unfavourable environmental 
conditions. Economic demise of the fishery happens then, if not earlier. Rebuilding in 
that situation should in most cases involve a total closure of the fishery, and additional 
protection measures. The species may be proposed for listing under CITES and under 
especially restrictive national conservation legislation.  

A less emblematic but dramatic example of collapse is given by the marbled rockcod, 
Notothenia rossii. The South Georgia fishery started in 1970, yielding half a million 
tonnes. In 1971 the stock had shrunk to 5 percent of its virgin size and in 1972 to 1 
percent of that size. In 1974. The fishery was closed. In 2005, the stock had not shown 
any sign of recovery (Myers and Ottenmeyer (2005). 

Another emblematic example of collapse which, however, met with resounding success, 
is that of the Northeast Atlantic and Mediterranean bluefin tuna. In 2009, the stock was 
considered as facing a significant risk of outright collapse (Bjorndal, 2009; MacKenzie 
et al., 2009) at 12 percent of the rent-maximizing biomass but still generating a rent of 
35 million $ /year. In 2016, after a series of drastic measures to reduce fishing pressure, 
that stock was back to a level close to that in the 1950s (Fromentin and Rouyer, 2018). 

24  The Canadian cod collapse is emblematic by the historical, cultural and commercial value of the fishery, 
the slope and depth of the decline, its scientific and governance circumstances, the immense social and 
economic consequences, and the protracted period of collapse despite active management. 

FIGURE 13
Examples of characterized collapses in the Firth of Clyde

Panel A: Rapid collapse of the Saithe fishery. Panel B: Smoother collapse of the cod fishery. From Thurstan and Roberts 
(2010). © 2010 PLoS ONE
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2.2.5 Factors of collapse

Life histories of fishery resources show a wide range of strategies that should reflect their 
best adaptation to the place in which they live, but should also affect their vulnerability 
to extinction. The life history attributes (e.g. longevity, fecundity, growth rate, natural 
mortality and age at maturity) tend to be correlated (FAO, 2000). In the same ecosystem, 
the whole range of life histories usually exist, from early maturity, high fecundity and 
low parental care to the opposite (from small pelagic species to turtles, sharks and marine 
mammals). 

Factors of fast decline is the abundance of a stock or assemblage can be numerous 
(Pinsky and Byler, 2015), related both to fishing, life cycles, and the environment, often 
operating in conjunction (multiplicative effects). However, the relation between them 
and risk of collapse is not straightforward. For example:

•	 High fecundity. Long-lived, low-fecundity animals like rays and sharks are among 
the firs species to be depleted but species with high fecundity are also vulnerable to 
extinction and the maximum reproductive rate (the slope of the SRR at the origin) 
appears to be unrelated to fecundity (Myers and Ottensmayer, 2005; Dulvy et al., 
2003). It has also been shown that small pelagic stocks (usually in upwelling areas) 
collapse more frequently than others (Mullon et al., 2005) and take more time to 
recover (McClatchie et al., 2017). In any case when a stock has been depleted and 
its population structure significantly truncated, little remains of its initial fecundity;

•	 Large geographical range (LGR) could be seen as a factor of resilience because of 
the range of options available. However, LGR species distribution is often patchy 
and many sub-populations may exist with slightly different genetic characteristics. 
Connectivity among sub-populations may be less than a priori assumed, and may 
lead to sequential depletion of sub-populations than can precipitate collapse and 
impede recovery;

•	 Longevity and age structure: It is generally agreed that opportunistic species 
(R-strategist) are shorter-lived (have fewer age-groups) than K-strategists, and 
more variable. It is also agreed that truncation of the age-structure – which is 
generally concomitant with a reduction of the age at maturity– increases resilience 
to fishing but reduces resilience to environmental fluctuations. This increases the 
risk of collapse if a heavily depleted stock meets with unfavourable environmental 
conditions; 

•	 The risk created by fishing for a given species increases inter alia with the economic 
value of the species; the probability to be taken as bycatch; the likelihood of illegal 
fishing and poor MCS and the degradation of critical habitats (particularly live 
habitats). Fishing produces immediate declines in local abundance that result in 
longer-term consequences for population dynamics and resilience: truncation of 
age distributions; selection of short-lived, early maturing individuals; reduction of 
intraspecific diversity; alteration of assemblages’ structure and species interactions; 
and destruction of living habitat (Planque et al., 2010; Rouyer et al., 2011). These 
changes increase resilience to fishing (Heino, 1998; Heino and Dieckmann, 2008) 
but also reduce resilience to environmental variability because of the loss of long-
lived individuals and old spawners. Fishery-induced evolution (FIE) of population 
traits may also significantly slow down rebuilding and the recovery of pre-harvest 
stocks characteristics might be very slow and even impractical (Enberg et al., 2009). 
Fisheries may reduce density-dependence by reducing density, but extreme density 
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reduction may generate depensation (Allee effects), enhances nonlinear dynamics, 
or lowers intraspecific diversity of responses to climatic changes (Hsieh, 2006; 
Planque et al., 2010; Shelton and Mangel, 2011; Hidalgo et al., 2010; Schindler et 
al., 2010; Neuenhoff et al., 2018), and complicates recovery. 

2.2.6 Environment and collapses

Although collapses are essentially attributed to overfishing and related depletion 
(often easy to demonstrate), the depletion of fish stocks, globally, cannot be 
attributed to fishing alone. Habitat destruction, pollution, climate oscillation and 
change, and invasive species also have an impact upon fish populations, more so in 
coastal environments (deltas, lagoons, coral reefs) and in enclosed or semi-enclosed 
seas than open ocean (Caddy and Griffiths, 1990; Costanza et al., 1993; Caddy et al., 
1995). In many instances, because fishery resources and fisheries interact closely in 
dynamic and complex social-ecological systems, it is not always easy to separate the 
relative roles of fishing pressure and environmental parameters in a collapse (Hauge 
et al., 2009). 

Fishery-induced changes may aggravate the effect of environmentally-driven 
fluctuations or regime-shifts (Cury et al., 2003; Hsieh, et al., 2006; Rouyer et al., 2011; 
Hidalgo et al., 2010) and the probability or duration of a large population decline 
(Lindegren et al., 2013; Checkley et al., 2009; Schindler at al., 2010). In addition, 
fishing could interact with climate variability through coupled social–ecological 
dynamics (Allen and McGlade, 1986), and when fishers inadvertently concentrate 
on declining biomasses and governance is slow in detecting the problem (Pinsky 
and Byler, 2015). When the environment causes a decline in population productivity, 
fisheries management risks driving the population to collapse if harvest is not rapidly 
reduced (Checkley et al., 2009; Brown at al., 2012). The risk is particularly high with 
fast-response short-lived species for which rapid collapses are most often observed 
in conjunction with overfishing (Pinsky and Byler, 2015). In that respect, it is worth 
noting that in California sardine, anchovy and hake stocks have been observed 
serially collapsing for centuries in the absence of any fishing (Soutar and Isaacs 1974; 
Baumgartner et al., 1992; McClatchie et al., 2017)25. 

2.2.7 Extinction

Obviously, rebuilding is something that must be implemented to avoid extinction of 
the stock… and the fishery. Extinction is the possible end of a collapse process and to 
avoid by any means and for which no rebuilding process is possible (except perhaps 
though re-introduction). There is apparently no example of species driven to extinction 
by fisheries but numerous examples of extinction of exploited fish populations (Table 
4) in which fishing might have been a factor (Dulvy et al., 2003). it is very difficult to 
detect outright extinction in the ocean and its recognition often occurs decades after 
the last known appearance. The problem is particularly severe for small poorly studied 
groups. One might also argue that, fortunately, fisheries maintain a beam light on “its” 
species but the problem exists for bycatch species for which information is scarcer and 
of lower quality, usually.

25  McClatchie et al., 2017 showed that anchovies, sardines and hakes were in a state of collapse -defined 
as below 10% of the mean abundance– 29%, 40% and 30% of the time respectively for sardine, with 
recovery times to the mean abundance of about 8, 22, and 8 years.
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It can be stressed that a precautionary approach to extinction would be to start 
emergency rebuilding the soonest possible in the decline phase. The limits at which 
emergency management measures (e.g. moratorium) would be mandatory should be 
set at an acceptably low risk of extinction. It must be noted in that respect that the usual 
“safe spawning biomass limit” used in fisheries management to trigger such special 
management measures is much higher (with much lower risk of extinction) than the 
limits used in CITES for listing and establishment of trade controls.  

TABLE 4
Examples of known extinctions of populations related at least in part to fishing and 
mismanagement

Easter oyster, Chesapeake Bay (1878)

Longnose skate, Irish Sea (1880)

White skate, Irish Sea (1880)

Grayling, New Zealand (1923) 

Hornsnail, NE Pacific (1935)

Herring, Wadden Sea (1937) 

Sharp nose 7 gill shark, Adriatic (1948

White skate, Adriatic, (1948)

Dusky Grouper, Adriatic (1948)

Sturgeon, Adriatic (1948)  

Angel shark, Adriatic Sea (1948)

Angular Rough Shark, Adriatic (1948)

Common skate, Adriatic Sea (1948)

Sandy ray, Adriatic (1948)

Soupfin shark, Adriatic Sea (1948)

Meagre, Wadden Sea (1950s)

Sturgeon, SE North Sea (1955) 

Small-spot. shark, Wadden Sea (1955)

Common skate, Gulf of Lions (1960)

Mudsnail, California (1960)

Thornback ray, Wadden sea (1960)

Small-eyed ray, Gulf of Lions (1960)

Sandy Ray, Gulf of Lions (1960)

Stingray, Wadden Sea (1966)

Herring, Sp. Spawning, Iceland (1972)

Starry smooth-hound, Gulf of Lions (1970)

Common eagle ray, Gulf of Lions (1976)

Bumble shark, Bay of Biscay (1981)

Common skate, Irish Sea, (1981)

Longnose skate, Gulf of Lions (1984)

Soupfin shark, Gulf of Lions (1984)

Nurse hound, Gulf of Lions (1987)

Maltese ray, Gulf of Lions (1989)

Cuckoo ray, Gulf of Lions (1989)

Smoothhound shark, Gulf of Lions (1989)

Smoothhound, Wadden Sea (1991)

Short-spined urchin, Philippines (1995)

Angel shark, Irish Sea (1998)

Bumphead Parrot fish, Fiji (1999)

Bahaba, China (2000)

Alosa. Sp. North Sea (2000) 

Non-dated

Sturgeon, Atlantic, USA

Alis Shad, North Sea

Greater weaver, Wadden Sea

Smalltooth sawfish, Western Atlantic

Large-tooth sawfish Gulf of California

Angel shoar, Bay of Biscay

Edible oyster, Wadden Sea

Giant Clam, South Pacific

Giant Clam, Carolines and Fiji

Lobster, Wadden Sea

Whelk, Wadden Sea

As mentioned earlier in relation to Table 2, the dates mentioned in brackets in Table 4 
for each reported extinction are only (and perhaps poorly) indicative. The same caveats 
apply. 

As for collapses (cf. Figure 10) the number of extinctions detected appears higher in 
the Northern hemisphere than in the southern one, but the difference cannot be safely 
interpreted.

2.3 EVIDENCE OF STOCKS REBUILDING

It must be reminded that we use the terms “rebuilding” and “recovery” as synonyms 
but we recognize that the functional rebuilding of stocks (including historical 
population traits) may be more complicated and take significantly more time that the 
simple return of exploitable biomass levels.

Most of the examples involve also environmental factors. Dates in brackets are indicative only (see discussion on historical trends 
below). From Dulvy et al. (2003).
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It is important to stress from the onset of that section that the state of a stock, is a 
time-dynamic variable depending on historical and current fishing pressure as well as 
natural oscillations in productivity and recruitment success. No statement is definitive. 
A stock takes time to rebuild. The fact that it has not rebuilt after a given time does not 
mean that it will not do it, perhaps soon after the last assessment. A stock may also start 
rebuilding and slide-back for some reason, such as poor control of exploitation rate 
or declining climatic conditions. Statements regarding whether a stock is rebuilding, 
or has been rebuilt, or not, may change with time… many times in the stock history!  

2.3.1 General considerations

The term “rebuilding” is used both to refer to the management process (the suite of 
actions taken) and/or the outcome of such process. Hence, evidence of “rebuilding” 
may be provided in two ways:

1. Evidence of rebuilding efforts may be provided by the adoption of specific 
policies, goals, legislation and measures. Rebuilding efforts are not easy to 
measure as they are most often compounded with efforts often developed 
independently to modernize the fishery management framework. The countries 
in which special efforts (policies and regulations) are made to deal explicitly 
with excessive depletion, requiring mandatory rebuilding plans with reinforced 
conservation measures, are still scarce (e.g. USA, Australia).

2. Evidence of successful rebuilding outcomes comes from improvements in stock 
size, age structure, spawning biomass, composition of species assemblages, 
habitat coverage and quality but also provision of livelihoods and economic 
performance.

Evidence of specific efforts and good records of positive outcomes are still generally 
limited to few advanced countries and high-value stocks. Most stock-rebuilding 
processes have been undertaken on target species, because of their socio-economic 
value and the existence of dedicated monitoring, assessment and management processes. 
Until very recently, much less was known about the possible depletion of stocks of 
secondary target species or bycatch species, usually unassessed, and less pressure has 
been put in for their eventual rebuilding unless they were emblematic bycatch species 
(e.g. sturgeons, marine mammals, sharks, rays, turtles, seabirds, etc.)26 or few forage 
species. New methodologies have also been developed since the mid-2000s for better 
assessment of poorly documented stocks (cf. Section 2.1). 

The perspectives on rebuilding can be controversial. In fisheries, it has been usually 
assumed, implicitly and sometimes explicitly that the effective application of the good 
management standards designed to avoid overfishing (TACs, quotas, gear regulations, 
closed areas and seasons and fishing rights) will be sufficient to rebuild depleted 
resources. However, Hutchings (2000) and Hutchings and Reynolds (2004) found 
little evidence of rapid recovery from depletion of well-assessed stocks that showed 
a marked decline in mature fish biomass and concluded that even though the effects 
of overfishing may indeed be generally reversible, the time required for population 
recovery in many marine fishes appears to be considerably longer than previously 
believed (Hutchings, 2000). It is not clear that all declines considered were below the 

26  A good example is provided by the rebuilding of dolphin stocks in the Eastern Central Pacific tuna 
fishery, a case which highlights both the success of the approach taken and its unexpected collateral 
impacts on other components of biodiversity (Hall, 1998; Norris et al., 2002)
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MSY level (above which rebuilding is not required). Hutchings stresses that rebuilding 
success depends on population characteristics (e.g. age structure, lifespan, reproductive 
rates and trophic level) and environmental context (see Chapter 9). It is obvious, 
however, that it depends also on management and that continued exploitation during 
rebuilding does not favour fast rebuilding. Worm et al (2009) and Murawski (2010) 
confirmed the pessimistic global analysis of Hutchings in terms of proportion of world 
depleted stocks that have been rebuilt. They note, however, that most of the stocks that 
were covered by a formal rebuilding plan, with effective reduction of fishing pressure, 
recovered. These studies support the view that, the lack of recovery of depleted stocks 
may be more due to a lack of action by management authorities than lack of response 
from depleted stocks. Murawski indicates, in addition, that the median instantaneous 
annual rate of biomass recovery (0.16) was similar, in absolute terms, to the rate of 
depletion (-0.14) previously experienced but that within that distribution, stocks 
with more vulnerable life histories recovered substantially slower than they had been 
depleted27. Nonetheless, as shown in Section 2.2, populations collapse, and extinction 
have occurred and how many of those stocks listed long ago have now recovered is 
not known. There is, however, clear evidence that collapsed and severely depleted fish 
stocks can be recovered, although climate regime-shifts and ecosystem reorganization 
may cause recovery to be much slower than expected for some species (Kruse, 2009). 

Analyses of stocks and fisheries undertaken at global, regional and national (sectoral) 
levels, aggregating data across numerous fleets and stocks usually produce “average” 
statements, e.g. percentages of stocks in different states; total rent drain and impact 
on food security resulting from stock depletion, and lead to strategic level advocacy 
regarding, for example, fleet capacity controls, use of economic incentives and allocation 
of exchangeable fishing rights (e.g. in Grainger and Garcia, 1996; Garcia and Newton, 
1997; World Bank and FAO, 2009; Worm at al., 2006; 2009; Costello et al., 2012, 2016; 
FAO, 2016; cf. Section 4.2). Such analyses have been useful “whistle blowers”, e.g. 
at COFI or in the United Nations meetings, raising States and public attention on 
the depletion problem, its progression since WWII, and its global consequences, on 
economic performance, food security, state of ecosystems, etc. However, they tend 
to mask important phenomena occurring at lower levels (e.g. sequential overfishing, 
collapses, recoveries, and impacts on different categories of stakeholders). They may 
raise attention on the need for rebuilding but cannot provide much guidance for how 
to proceed for individual fish stocks and areas or on how to prioritise recovery efforts 
among fisheries, e.g. based on expected returns (Costello et al., 2012). 

The reality is that while there are many fisheries illustrating a frequent failure to 
maintain stocks at productive levels and to recover depleted ones (Garcia and Newton, 
1997; Garcia and Grainger 2005; World Bank and FAO, 2009) there are also numerous 
indications of success, both in maintenance of healthy stocks and recovery, e.g. in 
Hilborn (2007) and Worm et al. (2009), and the UNCOVER (2010) project has 
concluded that the current evidence is overwhelming that management can be effective 
in rebuilding of fisheries and restoring the economic and social benefits derived from 
sustainable fisheries. The different factors that work for and against rebuilding are 
examined all across in this book (particularly in Chapter 9).

2.3.2 Global evidence

There are no consistent data source of global rebuilding trends. Garcia and Newton 
(1997) indicated that, in 1992, there were three percent of world stocks assumed to 

27  An implication is that least vulnerable stocks recovered faster than they were depleted.
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be “slowly recovering”, meaning that they were depleted but not under overfishing 
pressure anymore and hence assumed to be “recovering”. Caddy and Agnew (2004) 
looking at 40 cases of depletion and collapse that occurred and were acted upon 
between 1980 and 2003, find that 68 percent resulted in recoveries, 25 percent failed to 
recover, and eight percent yielded unclear outcomes (Caddy and Agnew, 2004). Garcia 
and Grainger (2005) found one and seven percent of world stocks recovering in the 
1990s-2000s when looking respectively at stock assessment data or catch trends (Figure 
3). Hutchings (2000) found that 8 percent of the well-assessed declining stocks he 
looked at (from the Ram Legacy database) had fully recovered and 51 percent of them 
showed some recovery. All these historical analyses referred to outcomes but ignored 
whether any process had been formally implemented (e.g. Mace, 2004). Analysing 166 
well-assessed stocks from the same database, Worm et al (2009) concluded a decade later 
that declining exploitation rates had contributed to the rebuilding of some depleted 
stocks (e.g. in Iceland, the Northeast U.S. Shelf, and the California Current), that 
others remained at low abundance, and that 28 percent of the stocks have exploitation 
rates that would allow rebuilding to BMSY if fishing pressure was maintained below 
FMSY. More national examples are available below. More recently, Costello et al., 2016, 
through a global analysis of single “stocks”, 16 years after Hutchings confirmed that 
many depleted or collapses stocks had recovered when fishing pressure had been 
significantly reduced.

2.3.3 Regional evidence

European waters

Analysing the changes in status of 41 commercially exploited stocks of 10 different 
species from the Northeast Atlantic, North Sea and Baltic Sea, Cardinale et al. (2013) 
indicated that exploitation status of many EU stocks had improved under the stocks 
rebuilding policy implemented during the decade 2002-2012 bringing the pressure on 
the stocks concerned back to levels close to their FMSY level and improving spawning 
stock biomass28. These results are going in the right direction, but the authors reckoned, 
nonetheless, that the commitment to maintain or rebuild all stocks at MSY by 2015, 
adopted the 2012 World Summit on Sustainable Development, was unrealistic. 
 
Fernandes and Cook (2013) stressed that the debate on management performance was 
particularly polarized in the European Union, where the Common Fisheries Policy 
(CFP) has been criticized by some authors for failing to protect stocks, while others 
argue that a rebuilding process is underway. They indicate that, in the policy, the 
desired state for a stock is to be exploited at a level close to or below that producing 
MSY, and for the spawning biomass to be at or greater than the MSY biomass level. 
The indicator Btrigger (close to or identical to the Bpa reference value used previously) is 
the signal which triggers a reduction of in the exploitation rate (and catches) consistent 
with the objective. Despite differences between species and ecosystems, the efforts of 
the European Commission and member States to rebuild fisheries in the European 
waters since the mid-1990s have significantly reduced fishing mortality (by up to 
50 percent in some ecosystems).  The fishing pressure has dropped for all resource 
types (small pelagic, demersal and flatfish species and cod) regularly since 2002 and, 
in 2011, for the first time, the majority of assessed stocks with reference points were 
fished sustainably. The situation in terms of SSB has also improved and 44/57 stocks 

28  The authors indicate that the relative reduction of pressure has been higher for stocks most heavily 
pressed in 2001 and that the proportion of stocks for which biomass increased was higher than that of 
the stocks for which it decreased.
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(i.e. 77 percent) show SSBs greater than the precautionary reference level (Bpa) in 
2011 compared to 27 (61 percent) in 2002. These efforts follow the 2002 reform of 
the Common Fisheries Policy (CFP) which required detailed stock recovery plans, 
enhanced effort restrictions, the setting of multiannual catch limits with more strategic 
biomass targets, clear time-bound objectives that follow a distinct set of harvest control 
rules with distinct biological reference points that determine the annual exploitation 
rate appropriate in line with the objectives. Additional measures (gear restrictions, 
etc.) have been added. Control and surveillance has been strengthened, introducing 
VMS, establishing a European Fisheries Control Agency (in 2005), undertaking sales 
audits in the supply chain to reduce unreported landings (black fish). Fishers were 
more directly engaged in the Regional Advisory Councils established in 2002. Some 
sore spots remain, e.g. in cod stocks (Fernandes and Cook, 2013). However, biomass 
remained low, perhaps because recruitment decreased during the period concerned for 
unknown reasons. It has been concluded that the decrease in fishing mortality was not 
sufficient –or is still too recent– to show a clear rebuilding in terms of recruitment, 
species composition and trophic biodiversity (Fernandes and Cook, 2013; Collie et al., 
2013; Gascuel et al., 2016). 

Gascuel et al., 2016, show that, following rebuilding efforts in European ecosystems 
and despite slight differences between different ecosystems: (i) fishing mortality was 
indeed significantly reduced in all ecosystems since mid-1990s, by up to 50 percent in 
some areas, satisfying the first condition for rebuilding: (ii) spawning biomass reacted 
differently in the various ecosystems featuring different dominant species mix, but it 
generally increased, from mid-1990s in two ecosystems and from 2000 in the others, 
with 5-years lag-time, which might have been expected in medium-to-long-lived 
species assemblages; (iii) recruitment continued the decline observed since the 1980s; 
(iv) landings remained stable (in 2 ecosystems) or continued to decline. Outcomes 
(iii) and (iv) indicate either that further delay is needed for biomass increases to be 
translated into higher recruitments, that some unfavourable climatic factors are at play, 
or that quota policies are favouring stock rebuilding instead of increased landings.

The Landing Obligation (in effect, a discard ban) was adopted in 2013 and implemented 
since 2015, amidst serious concern of the industry about, operational burden, cost 
implications, and effectiveness. The regulation applies only to TAC-regulated species 
and enforcement was postponed to 2017 for operational reasons. TACs were adjusted 
to include the formerly discarded part of the catch. Some exemptions were granted. It 
is therefore too early to measure the impact of the regulation on the rate of rebuilding 
of target stocks or more broadly on the species assemblages. 

Recovery plans have been introduced for the Icelandic cod fishery in 1994 (Holland 
201029), North Sea cod in 2004, followed by plans for the North Sea sole and plaice, 
Northern hake, Southern hake, Norway lobster, Bay of Biscay sole, Western channel 
sole, European eel, Baltic cod, West of Scotland herring (OECD, 2012). Multi-
annual plans are mandatory, based on impact assessment, extensive socio-economic 
analyses, and stakeholder consultations to examine the environmental, economic and 
social trade-offs between possible harvest control rules and to decide on the speed of 
adjustment of fishing pressure towards FMSY.

29  Rebuilding failed, apparently because of poor recruitment, uncertainty in stock assessments, 
implementation failure (overages) and ad hoc changes to the HCR allowing higher exploitation rates 
than those envisioned by the HCR clearly playing a role in the failure to rebuild. 
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The application of Management Procedures (MPs) in stock rebuilding in European 
waters is hindered by the fact that (i) most fisheries are shared between countries with 
disparate groups of fishers, with different interests, and different national management 
systems, complicating fishers’ buy-in; and (ii) implementation of common measures 
is the responsibility of Members potentially introducing some uncertainty in the 
application of the common management advice (Holland, 2010).

NASCO and salmon

NASCO has also developed guidelines on salmon stock rebuilding programmes (SRPs) 
reflecting the application of the Precautionary Approach (PA). The PA requires that 
SRPs be developed for stocks that are below their Conservation Limits (CLs). Such 
SRPs must contain an array of management measures, including habitat restoration/
improvement, exploitation control and stocking, designed to restore salmon stocks 
above their CLs. The nature and extent of the programme depends upon the stock 
status and the pressures it is facing30. Nominal catches offer a classical picture of 
collapse with no sign of rebuilding (Figure 14).

Records of the numbers of salmon returning to monitored rivers indicate that, despite 
drastic reductions in directed fisheries, there has been at least a threefold reduction in 
marine survival rates since the early 1970s, signalled by a reduction of the numbers 
returning, a marked decline in the proportion of multi sea-winter fish, and increased 
scarcity of repeat spawners in the returning populations. Furthermore, changes in 
age composition result in a shortening of the life cycle and a more precocious sexual 
maturation age. In North America and Europe, most populations are in severe conditions 
in the South, declining at intermediate latitudes and stable in the North. While many of 
the problems could be attributed to the construction of dams, pollution (including acid 
rain), and total dewatering of streams, along with overfishing, and recently, changing 
ocean conditions and intensive aquaculture (e.g. genetic introgression), many declines 
cannot be fully explained. (ICES, 2014: table 10.1.8.3).

30  https://www.oecd.org/tad/fisheries/nasco.pdf

FIGURE 14
Reported total nominal catch of salmon (tonnes round fresh weight) in four 

North Atlantic regions, 1960 to 2013

Source: ICES advice, 2014
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CCSBT and Southern bluefin tuna

The Southern Bluefin (SBT) stock was historically subject to high levels of fishing 
pressure and remains in a depleted state. In the mid-to-late 1980s, significant national 
catch reductions were agreed with the intent to rebuild parental biomass to 1980 levels 
by 201031 (OECD, 2010). Realizing that this target would not be met, the CCSBT 
has adopted a Management Procedure (MP)– a pre-agreed set of rules that can specify 
changes to the TAC based on updated monitoring data – with the aim of rebuilding 
the stock based on scientific guidance on TAC setting. The MP is tuned to a 70 percent 
probability of rebuilding the stock to the interim rebuilding target reference point of 
20 percent of the original spawning stock biomass by 2035. TACs have been adjusted 
accordingly but fishing pressure remains present, explaining in part the slow recovery 
forecast. The 2014 assessment suggested that the SBT stock remained at a very low state 
(about 9 percent of the initial spawning stock biomass) well below the MSY level and 
even below any usual precautionary level. There has been some progress in the situation 
since the beginning of the decade as fishing mortality has been brought below the MSY 
fishing level. Significant levels of unaccounted mortality (and underreporting of catches) 
have recently been discovered, weakening the validity of the current Management 
Procedure, negatively impacting the probability to rebuild the stock when following it. 
Nonetheless, the management decisions were not affected but steps are taken to quantify 
all sources of unaccounted mortality to retune the MP if necessary32.

NAFO and demersal fisheries

NAFO developed in 2010 a special Working Group of Fishery Managers and 
Scientists on Conservation Plans and Rebuilding Strategies with the view to (i) review 
existing conservation Plans and Re-Building Strategies; (ii) Consider risk management 
approaches, update and future development of Conservation Plans and Rebuilding 
Strategies. In 2012, a number of working groups on conservation and rebuilding of 
fish stocks, management strategies, and vulnerable marine ecosystems, which were 
previously held under the auspices of the Fisheries Commission, became joint working 
groups of the Scientific Council and Fisheries Commission. Some of their conclusions 
on stock rebuilding are reported below: 

1. Atlantic Cod (3NO). After a dramatic decline of the species during the eighties 
and nineties, fishing bans were imposed in the 1990s. A moratorium on direct 
fishing was imposed in 2014 but bycatch persisted in the yellowtail flounder, 
skate and redfish fisheries. In 2010, a fishery for cod on the Flemish Cap 
was re-opened and the 2016 assessments indicated that current SSB was well 
above Blim. The spawning biomass in 3NO increased considerably in 2010-
2015 thanks to the relatively strong 2005 and 2006 year-classes and a fishing 
mortality (F<0.1) well below Flim (0.3) but reached only 64 percent of Blim and 
recent year classes do not appear as strong, despite the low fishing mortality. 

2. American Plaice (3LNO and 3M). the stocks are under moratorium (no directed 
fishery) since 1995. The species is still caught as bycatch in otter trawl fisheries for 
cod and redfish. Although the stock has increased slightly in recent years due to 
improved recruitment since 2009 (2006 Year-Class), it continues to be in a poor 
condition. The most recent assessment (2016) indicates the Grand Bank stock is 
recovering slowly but is still estimated to be well below its precautionary reference 
level.

31  https://www1.oecd.org/tad/fisheries/Southern Bluefin tuna.pdf 
32  https://www.ccsbt.org/userfiles/file/docs_english/operational_resolutions/ccsbt_strategic_plan.pdf
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3. Witch flounder. The 2016 Annual Report of NAFO indicates that the stock 
on the northern Grand Bank continues to recover slowly. Recruitment during 
2013 to 2015 was above average and fishing mortality was low, however the 
stock remains below the level where fishing can resume. 

4. The redfish stock on the northern Grand Bank (3NL) has recovered strongly 
from depletion and is now considered to be well above the level that can 
produce maximum sustainable yield. 

2.3.4 National evidence

Numerous national-level aggregated analyses of the trends and state of whole national 
fishery sectors exist, e.g. for Cuba (Baisre, 2000), The Philippines (Green et al., 
2003)33, China (Cao et al., 2017), the Republic of Korea (Lee and Midani, 2013), the 
Mediterranean (Garcia, 2011) and the world, either globally or by States (e.g. in Garcia, 
2009; World Bank and FAO, 2009; Costello et al, 2016). They draw attention to the 
excessive depletion that developed since WWII, its costs, the potential of rebuilding, 
and they call for improved management at the national level, as well as a range of 
policy changes (e.g. marketable fishing rights, cutting subsidies, creation of alternative 
livelihoods in other sectors, etc.). But there are very few analyses (and time series) on 
the efforts and outcomes of rebuilding at the national level. Case studies are becoming 
available but tend to be at the stock/fishery level (e.g. in Holland, 2010; Khwaja and 
Cox, 2010; OECD, 2012) and not at national level and few advanced States (e.g. USA34 
and Australia35) dedicate website sections to their rebuilding efforts. The annual 
publication of the state of national stocks (as for example in USA, Australia and New 
Zealand)36 is not yet common practice. Some examples follow.

Australia

Kearney et al. (2013) described the framework in place in Australia and stressed that 
returning to the peak catches of the 1980s-1990s would take at least a decade. He also 
stressed the tension between the successful rebuilding of seals stocks and of future 
fishery catches. OECD (2012) indicated that in 2004, 14 out of the 20 overfished 
stocks were still in need of recovery, and 2 had recovered. Kearney (op. cit.) indicates 
that between 2005 and 2010, the proportion of overfished stocks was reduced from 
40 percent to 10 percent and the proportion of non-overfished stocks grew from 
60 to 84 percent, illustrating the fact that with good management stocks can and do 
rebuild. 

Complex modelling work of the Australia’s Southern and Eastern Scalefish and 
Shark Fishery (SESSF) (Fulton et al., 2014) has shown by simulation that, under a 
status quo fishery management strategy (2003 baseline), recoveries are short-lived 
and a shift in targeting occurs as traditionally targeted fin-fish resources become less 
lucrative and the sectors begin to target both higher trophic level chondrichthyans and 
lower trophic level squid and small pelagics, leading to a slowly degrading ecosystem 
state. Simulations also indicate that recovery from this systemic degradation requires 
decades. On the contrary, a conservation-dominated strategy, including a detailed 
and comprehensive system of spatial, in which a large portion (up to 80 percent) 

33  Where, apparently, the resources resource abundance in municipal fisheries would be at 10% of their 
maximum historical size after WWII.

34 http://www.fisheries.noaa.gov/sfa/fisheries_eco/status_of_fisheries/index.html
35 http://www.afma.gov.au/sustainability-environment/protected-species-management-strategies/
36 http://fs.fish.govt.nz/Page.aspx?pk=16 
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of the areas are closed to fishing, leaving open clearly defined areas of fishable sea 
bottom in each depth zone outside of 3 nm and above 800 m and closing all areas 
inside the 3nm zone and below 800meters depth, leads to contrasting results: (i) high 
conservation performance and (ii) four-fold increases in CPUE for key target, but 
also to (ii) significant industry and human cost, high levels of competition on open 
fishing grounds, with little scope for effort displacement, and immediate drop in 
effort and catches. Despite fleets reductions over a relative short term (5-7 years), the 
majority of the boats remain tied up in port for much of the year, fishing trips are 
substantially shorter without really reducing costs and fisheries are not profitable, 
resulting in downturns in port-based economies with port populations dropping by 
15–20 percent or more. The example illustrates the importance of balanced rebuilding 
management strategies.

USA

In October 2006, US Congress passed amendments to the Magnuson-Stevens Fishery 
Act that required fishery managers to rebuild depleted populations of marine fish to 
mandatory levels. At that time, Swasey and Rosenberg (2006) and Rosenberg et al. 
(2006) found that of 67 stocks requiring rebuilding, 75 percent were overfished when 
the amendments were adopted (with B<BMSY) and 45 percent were still under active 
overfishing (with F>FMSY) even though abundance was nonetheless increasing in 48 
percent of the stocks and 3 stocks had been definitely rebuilt. The numbers available 
evolved rapidly. For example, a year later, Wakeford et al. (2007) indicated that in 
2006, 63 stocks required rebuilding, 52 were under formal rebuilding plans and 14 had 
recovered since the beginning of the programme. 

Milazzo (2012) looked at rebuilding trends in the USA (2000-2010). His tentative results 
indicated that biomass and mortality data were available for 35 stocks out of a total of 59 
stocks identified as in a process of rebuilding or having completed the rebuilding process 
at the time of the study (in federally-managed fisheries). Two-thirds of the 35 stocks 
showed good progress in terms of reducing fishing pressure to an acceptably low level 
or bringing back the stock to the mandated target biomass level. Most significantly, the 
assessment of rebuilding plan case studies indicated that reductions in fishing mortality, 
especially when implemented early in the programs and maintained as long as necessary, 
lead to significant increases in stock abundance in roughly 80 percent of the cases. At 
the same time, the study shows that about one-third of the rebuilding plan had not yet 
produced the desired outcomes. The two most common problems encountered were: (i) 
failure to adequately control fishing mortality and (2) low resilience (high susceptibility 
to fishing pressure) of certain categories of overfished stocks.

The updated evaluation of the performance of US rebuilding efforts undertaken 
by NRC (2013) indicated mixed outcomes: 85 stocks or stock complexes were 
overfished, rebuilding plans were implemented for 79 stocks, of which 25 were 
classified as rebuilt1 and 5 more stocks rebuilt before a plan was implemented. 
Fishing mortality of stocks under rebuilding plans had generally been reduced and 
stock biomass has consequently increased. Some stocks were still below rebuilding 
targets, and some continued to experience overfishing. As a cause for the mixed 
results. The NRC report stressed the mismatch between policy makers’ expectations 
for scientific precision and the inherent limits of science because of data limitations 
and the complex dynamics of ecosystems.
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Most recent NOAA data37 indicate that on the 474 stocks and stocks complexes 
monitored by NOAA-NMFS, 91 percent are not subject to overfishing (i.e. F < FMSY). 
42 stocks are currently under formal rebuilding plans and 41 stocks have been rebuilt 
since 2000 (Table 5).   

TABLE 5
Number of stocks assessed under rebuilding plans and proportions in different status categories

Year
N° 

Stocks

F<Fmsy

B growing

(%)

F<Fmsy

B not grow-

ing (%)

F>Fmsy

B growing 

(%)

F>Fmsy

B not growing 

(%)

N° Stocks rebuilt 

to date

2007 34 53 18 21 9 10

2008 39 59 15 21 5 14

2009 37 59 14 22 5 18

2010 36 47 22 19 11 21

2011 37 46 22 19 14 27

2012 34 47 15 21 17 32

2013 33 58 12 9 21 34

2014 35 55 17 11 17 37

2015 34 50 25 0 25 39

2016 33 49 21 3 27 41

Source: http://www.nmfs.noaa.gov/sfa/fisheries_eco/status_of_fisheries/trends_analysis.html

While the number of stocks included in the rebuilding analysis (Column 2) has 
remained stable (33-39 stocks), it is important to note that this number grows when 
adequate information becomes available to examine the rebuilding situation of certain 
stocks and decreases when stocks are rebuilt. The last column gives a clearer idea of the 
good rebuilding programme performance.

Canada

Rebuilding efforts may be seen in the adaptation of legislation for rebuilding.  The 
Fisheries Act provides the legislative authority for the conservation of fish stocks 
and the management of fisheries that fall under the authority of The Department of 
Fisheries and Oceans (DFO). The Act does not contain specifics about rebuilding 
stocks. Rebuilding takes place through Integrated Fisheries Management Plans 
(IFMPs). If a stock begins to show signs of decline, fishery management measures 
are to be introduced to reduce mortality from fishing. DFO does not have a stand-
alone policy on rebuilding. However, it adopted a policy on the application of the 
precautionary approach (PA) to key commercial target stocks which calls for efforts 
to reduce F when biomass falls below a precautionary biomass reference point and to 
implement a stock rebuilding plan when the abundance of a stock falls below its limit 
reference point. The plan must include measures to limit fishing mortality with the aim 
of rebuilding the stock above its limit reference point in a timely fashion (https://www.
oecd.org/tad/fisheries/Canada.pdf).

The Species At Risk Act (SARA) lists Extirpated, Endangered or Threatened species 
which are protected from direct threat, damage to their habitat, as well as trade. For 
these species, a recovery strategy must be developed within one or two years, with 
goals, timelines and measures, in consultation with stakeholders. For fish stocks 

37 http://www.nmfs.noaa.gov/sfa/fisheries_eco/status_of_fisheries/archive/2017/first/q1-2017-final-
rebuilt-map.png
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designated as at risk and listed under SARA, after a due process of consultation, the 
authority of the fishery management institutions is much reduced. Harvest decisions 
are required to be guided by the automatic prohibitions of SARA, although if scientific 
assessments determine that some level of harm [e.g. fishing] can be sustained without 
jeopardizing survival or recovery.  In such cases each license holder must have a permit 
to have SARA-listed species on the vessel, live release is favored over retention, and 
total harvests is fully monitored.  Few commercially exploited fish stocks are listed as 
Threatened or Endangered under SARA but a number are listed as “Special Concern” 
(the threat level preceding “Threatened”).  Special provisions have to be included in 
Management Plans to prevent the status of the population from declining further. 
However, substantial flexibility is allowed in the types of provisions that can be used, 
and the mandatory prohibitions on mortality or “harm” are not triggered for species 
of Special Concern.

The collapse and minimal rebuilding of the North Atlantic Cod is emblematic in 
Canada (Rice, 2018). On the other hand, some fisheries have remained in a strong 
state over time, such as the Atlantic lobster fishery, and some that were depleted were 
successfully re-established, such as the Canadian halibut fishery and the sablefish 
fisheries. In each case, management measures are credited with the success, including 
co-management and effort controls in the former case (e.g. Charles 1997, 2008, 2009), 
and improved monitoring combined with market-based fishing rights in the latter case 
(Munro, 2010a).

Norway

Fish stock rebuilding takes primarily place under the Act relating to the Management of 
wild living marine resources (referred to hereafter as the Fisheries Act). However, if the 
species is “threatened” or “endangered” it will be managed under the Nature Diversity 
Act (NDA) which sets out requirements to protect and implement recovery strategies 
for the species. In the Fisheries Act, rebuilding is seen within the Precautionary 
Approach (PA). The rebuilding plans vary in their objectives, recovery time span, level 
of fishing activity allowed, levels of risks, level of assessment during rebuilding, etc. A 
total ban is usually not used when a concern exists to maintain the industry in some 
sort of functional state for when the stock will be rebuilt. Step-wise reductions or 
mortality are most often used with fishing levels related to levels of rebuilding, using 
harvest control rules. Regulation processes are participatory, and progress is formally 
assessed. Instruments used include: regulation of minimum fish size, minimum mesh 
size, gear restrictions, bycatch rules, discard bans and real-time closure and opening 
of fishing grounds to limit the catch of undersized fish. Post-rebuilding strategies aim 
at maintaining SSB above limit levels, but other socioeconomic measures are being 
considered. Priority is given to stability in the TAC size, limiting changes between 
years. The resulting increases in biomass are considered as “risky” investments for the 
future as bad environmental conditions may eliminate the expected benefits. 

Emblematic cases of rebuilding in Norway include the Spring Spawning Herring and 
the Northeast Arctic Cod (Gullestad et al., 2018; see also https://www.oecd.org/tad/
fisheries/Norway.pdf).

Republic of Korea

Lee and Midani (2013) note an increase in catch in all the stocks submitted to rebuilding 
regimes between 2005 and 2011, recognizing, however, that it was not possible to assess 
the impact of the rebuilding measures themselves (including effort reduction, stock- 
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enhancement measures and changes in governance) compounded as they were with the 
likely impact of other factors. 

2.4 TAKE-HOME MESSAGES 

Depletion is a globally widespread phenomenon. The global state of fish stocks 
provides significant converging evidence of its global expansion since WWII, driving 
stocks below their MSY level and even below safe biological limits, violating the LOSC 
requirements. There are some differences between assessments, related to differences in 
the data (e.g. using biomass estimates or landings), assessment approaches, or reference 
values used but the conclusions are coherent.  About 50 percent of the stocks are above 
their MSY biomass level and 50 percent are below it. Over 30 percent of the stocks are 
overfished, hence depleted, and seven percent are “deeply depleted” (collapsed). It has 
been argued that unassessed stocks are in a worse state than well-assessed ones, but 
this needs to be confirmed. The depletion process accelerated since the 1950s, reducing 
the time it took to a fishery to go through the standard development cycle, from 
undeveloped to fully developed and depleted. Stocks trends indicate that depletion has 
been reversible in many places. 

The evidence of collapses is certainly convincing and appear in the trajectory of 
single stocks (biomass or landings) and of resources clusters with similar historical 
trends. The co-occurrence of collapses of different species, in different areas, has been 
taken as pointing to the existence of common environmental factor (e.g. El Niñ0) in 
addition to excessive fishing pressure. Identified collapses appear highly concentrated 
in the Northern Hemisphere where fishing has been more intensive for a longer time, 
but also where scientific capacity is higher, raising the possibility of an artefact due 
to information deficits in the Southern hemisphere.  There is little information of 
long-term trends in the occurrence of collapses, but what exists indicates, logically, 
an increase in time since the 1950s. Three types of trajectories have been detected: (i) 
Very rapid, following a plateau; (ii) smooth, following a plateau; and (iii) erratic. They 
appear evidently smother when an average collapse profile is drawn from a cluster of 
stocks considered together. Extinction is a special and irreversible case of collapse and 
has happened for many fish populations. 

It is nearly impossible to demonstrate the role of a particular factor on the occurrence of 
a collapse. At best, there is circumstantial evidence that the bioecological vulnerability 
linked to some co-related life-history traits (e.g. limited range, low fecundity, long 
lifespan, delayed age-at-maturity) is increased by over-intensive fishing (reducing 
stocks’ resilience) and environmental/climatic triggering factors (creating particularly 
unfavourable conditions). Obvious factors include inadequate governance (e.g. open 
access; poor enforcement and IUU) and very high market prices.

The evidence of rebuilding is central to this book. Evidence of rebuilding efforts are 
easier to get than evidence of success. There is not enough information to produce 
reliable global trends in rebuilding. At regional level, e.g. within the areas controlled 
by RFMOs and in European waters, the difficulty of the task (e.g. on one or many 
target species; on target species only or on non-target ones too), the political will to 
rebuild, the measures taken, the type of species concerned, etc. make any generalization 
impossible and there is evidence of success, of slow but positive trends, and of situations 
of large uncertainty. At national level, within EEZs, there are many well described case 
studies of rebuilding and while here too results depend on species and areas, it seems 
well established that decisive (and sometimes drastic) reductions of fishing pressure 
greatly facilitates and most often leads to rebuilding.
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Caveats are that most credible efforts have been made in few advanced countries and 
on valuable target species and emblematic species benefiting from advance science and 
management. Until recently, much less has been done secondary target species, bycatch 
species (unless emblematic) and forage species.
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3. Bio-ecological dimensions

The literature on depletion and rebuilding is heavily “imprinted” by their origin in the 
natural resources framework used in fishery science and management. The models used 
to represent the system during the last 70 years have shaped the terminology and more 
importantly the conceptual frames within which fisheries assessment and management 
are designed and implemented, including for rebuilding. The broadening of management 
scope with time –from target species to biodiversity and the ecosystem– has led to some 
“drift” in the terminology, which, hopefully, this section may help clarify.

The different phases leading to depletion, collapse and rebuilding are named, and 
their characteristics and boundaries are defined, using indicators which relate to 
different fishery models applied to single stocks, species assemblages, fishery systems 
and ecosystems. Different terms and definitions have been adopted in legal or 
scientific documents in many countries (Rosenberg, 1993), generating for depletion 
and rebuilding, small discrepancies in a generally loosely understood concept. The 
development strategies used in the world to develop and manage fisheries reflect 
different “worldviews” of fisheries and different objectives, but are also conditioned by 
the models used explicitly or implicitly to represent their functioning.  

In this section, we look briefly at the single-stock models on which most of the 
concepts and terminology used in fisheries have been developed, as well as the 
implications, nuances and additional challenges stemming from multispecies and 
ecosystem considerations.

3.1 SINGLE SPECIES MODELS

The assessment and management of world fish stocks is based on four principal models: 
(1) The Surplus Production Model (SPM) and its economic variant; (2) the Yield-Per-
Recruit model (YPR) model; (3) the Stock-Recruitment Relationship (SRR); and (4) the 
Fishery Development Model (FDM). More complex simulation models have also been 
developed, combining their properties and relaxing some of their limiting assumptions, 
but these four fundamental ones provide the elements needed to understand depletion 
and its corollary: rebuilding and the forces driving them. 

3.1.1 Surplus Production Model (SPM)

The Surplus Production Models (SPMs), elaborated by Schaefer, Fox, Gulland, Pella 
and Tomlinson, Schnutte and many others) have been abundantly used to describe the 
relation between biomass, yield and fishing effort and used to adjust the latter to stock 
productivity through controls on fishing capacity, effort, and removals(TACs). They 
are convenient to use when available data is limited to catch and effort. They illustrate 
the phenomenon of depletion as fishing increases and of biological overfishing when 
the level of effort corresponding to the Maximum Sustainable Yield (MSY) is passed. 

In the simple form of the model (e.g. a Schaefer model, Figure 15, A and B), the stock 
can be driven to extinction by excessive fishing but except when the stock is extinct, 
depletion is reversed if fishing effort is reduced. The change in recruitment with 
fishing mortality is not explicit in an SPM but is de facto integrated in the evolution 
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of biomass and catch. However, the extreme right part of the growth and yield curves, 
in the collapse area of Figure 15, is de facto a mathematical extrapolation based on 
data from larger SSBs observed at lower fishing level. The behaviour of the stock and 
fishery at that level is generally not well known. At excessively high levels of fishing 
mortality, reproduction failure, often combined with unfavourable climatic conditions, 
accelerates the decline, possibly leading to collapse. Depensation may occur (Figure 
15, C and D) accelerating depletion and slowing or impeding recovery with the 
consequence that repairing damage to a resource system may be harder than preventing 
it (see Section 3.1.3 for more details).

The exact shape of the relations between effort, biomass and yield depend on the 
stock characteristics (e.g. intrinsic growth rate) and the ecosystem carrying capacity 
and a whole family of theoretical models have been proposed (Hilborn and Walters, 
1992; Quinn and Deriso, 1999). In a Schaefer model, the biomass at MSY is 50 percent 
of the unfished biomass level (i.e. BMSY = 0.5B0). Worm et al. (2009: 578) stress, 
however, that fishing [and managing] for MSY results in a stock biomass, BMSY, that is 
substantially (typically 50 to 75 percent) lower than the unfished biomass (i.e. BMSY = 
0.5-0.25B0) indicating that the Schaefer model is not universally representative of the 
fisheries reality. The SPM trajectory of a stock under growing fishing pressure may be 
reproduced in simulations, using a Yield-Per-Recruit model (YPR, Section 3.1.2) and 
a Stock-Recruitment Relation (SRR, Section 3.1.3) in which depensation phenomena 
may be introduced even though this is rarely done in actual fisheries management. 

Originally developed for biological representations of single-stock dynamics, the SPMs 
have also been used for multi-species fisheries in data-limited situations (cf. Section 
3.2.1) and by economists, adding costs and values to represent the relation between 
fishing costs, revenues, profits, and rent dissipation (or rent drain) (cf. Section 4.2). 
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FIGURE 15
Schaefer model with depensation (Panels A and B) and without it 

(Panels C and D).

The different states of the stock are indicated from green to red. Other production models would modify 
the shapes of the curves and the position of reference values. With continuous compensation (A and B), 
the rebuilding response is expected to be immediate and simply reversing the depletion trajectory. With 
depensation at low biomass level (C and D), the response is likely to be (i) different from the one projected 
from historical data at higher abundance and delayed (hysteresis loop) 
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Climatic oscillations

The impact of natural oscillations in productivity is often represented by a family of 
SMPs corresponding to the state of the environment. In such representations, collapse 
appears often as the result of a combination of excess fishing and unfavourable climatic 
conditions (Figure 16). On this figure, production curves corresponding to different 
climatic conditions appear as “homothetic”, keeping the relative shape at different 
scales but in reality, the shape itself may change in many ways, usually unpredictable 
with available data. The implication is that rebuilding trajectories will be highly 
dependent on the current conditions (and SPM) and may differ significantly from the 
depletion trajectory. The outcome can look like the effect of depensation but stems 
from a different mechanism.

Deterministic references vs stochastic reality

The reference values B/BMSY = 1 and F/FMSY = 1 may be used, jointly (e.g. in a “Kobe Plot) 
as defining deterministically the position of any stock in relation to its reference values, 
usually referred to as the “MSY level” (Figure 6). In the real world, however, variability in 
stocks sizes, scientific assessments and management accuracy are such that the probability 
to maintain stocks exactly at that deterministic reference level is extremely small 
irrespective of management will (see Figure 6 and Figure 8). Stocks that may hit the target 
are unlikely to stay there for long and one should accept that taking a deterministic MSY 
level as rebuilding target implies recognizing that the fishery will be over or below that 
value (i.e. “overfished” or “underfished”) about 50 percent of the time. This is the reason 
why, in its precautionary approach, the UNFSA decided to use MSY as a limit –and not 
as a target– for ordinary management, to ensure that the probability of a fishery to breach 
the MSY limit would be lower than a formally agreed value based on its variability pattern 
(e.g. 5 or 10 percent). Variability around the MSY level is also the reason why FAO used 
broad categories of fish stocks (underfished, fully fished, overfished and collapsed) taking 
the MSY level +/- 20 percent as the boundaries for the “fully fished” category (Ye, 2011). 
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FIGURE 16
Multiple SPM. Simplified representation of development, collapse and recovery 

when productivity and the SPM shape varies with climatic oscillations of productivity

The “collapse” is a result of both fishing pressure and natural decrease in productivity. The recovery trajectory 
is uncertain and depends on climatic conditions. The average SPM calculated with all data points, taking 
the variability as stochastic would be misleading both for ordinary and recovery management (Csirke and 
Sharp; 1984).
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The difference between a deterministic and a stochastic definition of stock status explains 
the apparent difference between the FAO assessment indicating that about 50 percent of 
the stocks are “fully fished” and recent analyses (e.g. Costello et al., 2012; Rosenberg et 
al., 2017) that indicate that about 60 percent of the stocks are beyond B/BMSY= 1.  Adding 
confidence limits to the second set of estimates brings the two sets in agreement, as seen in 
Hilborn (2017), for example and in Figure 4.

3.1.2 Yield-Per-Recruit Model (YPR)

The yield-per-recruit model (YPR) elaborated by Beverton and Holt (1957) also 
describes the relation between fishing mortality and catch expressed, however on a per-
recruit basis (Figure 17).

The shape depends on population parameters, the age at entry in the fishery, and the 
distribution of fishing mortality by age groups. It has been used to optimize the growth-
mortality interaction and get the highest possible yield from each recruit coming into the 
fishery, controlling fishing mortality and selectivity through effort and gear regulations. 
It requires more data than the SPM on stock structure and population dynamics but 
allows finer tuning of management (e.g. with mesh sizes, closed seasons and areas, etc.). 
Excessive fishing pressure leads to growth overfishing in which the fish are caught before 
they are full grown. If harvest starts before the fish matures and reproduce, an excessive 
decrease in spawning potential may lead also to recruitment overfishing.  Again, the 
question of recruitment and its relation to parent stock size and climatic conditions, is 
not dealt with, but the considerations regarding the variations in shapes of the SPM with 
these conditions apply also in the YPR model and indeed explain some of the variations 
in SPMs. Depletion is gain also implicitly considered theoretically reversible through 
controls of both fishing effort and size/age selectivity, disregarding the stock-recruitment 
relationship and climatic conditions. 

The YPR theory of fishing and overfishing was necessarily simple considering the 
understanding on fisheries and modelling and computational capacity available at the 

FIGURE 17
Evolution of Yield-per-Recruit as a function of fishing mortality and 

age at first capture (LC1 to LC3)

Yield/recruit tends to be more resilient to increasing fishing mortality than catch in a SPM (showing a more 
flat-topped curve) and collapse (in grey in the figure but usually not observed in the model) is assumed 
to occur at much higher levels of fishing than in a SPM because the stock-recruitment relationship is not 
integrated. Inspired from Beverton and Holt (1957).
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time. The related models were deterministic, static (assuming equilibrium) and reversible. 
In that context, rebuilding was obtained reducing fishing pressure and adjusting size at 
first capture. The paradigm was criticized years after for assuming constant (not density-
dependent) parameters and not addressing properly: (i) the complex dynamics of interactive 
resources and fisheries; (ii) the inherent uncertainty on resources and fisheries; (iii) the 
complex relations between species in the food chain; (iv) autocorrelated environmental 
oscillations; and (v) socio-economic factors (Horwood, 2008). The same criticism can be 
made regarding rebuilding strategies developed solely under that paradigm.

Many structural simulation models use the YPR model as a foundation, often combined 
with a SRR. These can have many variants and additions to deal with the types of 
shortcomings listed in the above paragraph.  However, most such additions to the core 
formulation are ad hoc, and none have yet become established in routine practice.

3.1.3 Stock Recruitment Relationship (SRR) and depensation

It has been known for a long time that the stock-recruitment relationship (SRR) 
linking the size of the spawning stock (affected by fishing pressure) and the number 
of new recruits entering the fishery each year, lies at the heart of the control of fish 
populations and of the mechanism that stabilizes them and may drive them to collapse 
when excessively depleted. According to stock-recruitment theory starting from an 
unexploited stock, R tends to increase as the stock decreases, through relaxed density 
dependence (compensation38). Below some threshold stock size, however, R will start 
decreasing to zero (recruitment overfishing) (Figure 18). Without corrective measures 
to rapidly control and reduce fishing pressure to stop the decline and rebuild the 
spawning stock, dep depletion and collapse will occur (see Quinn and Deriso, 1999, for 
a review of theoretical models and related mechanisms).

38  Resulting in an increase in the number of recruits per unit of parent biomass (R/S) as biomass decreases 
under fishing or another depleting factor.

FIGURE 18
Stock-recruitment relationships showing compensation at high biomass levels 

(A and B) and depensation at low biomass (C)

A: Ricker model for salmon. B: Beverton and Holt model for flatfish. The diagonal line is the replacement 
line (R→S). For A and B, the resulting R is always above S except at the two ends. For C, R falls more rapidly 
than S below a critical threshold, possibly below the replacement line and may be zero even before S=0, 
accelerating collapse and impairing recovery. Modified from Quinn and Deriso (1999).
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The SRR is often difficult to establish empirically with any great level of confidence 
because of the variability shown by the data and the lack of data over the full range of R 
and S for which the relationship is being estimated. Consequently, theoretical relations 
have been elaborated (Figure 18, curves A, B) by Ricker (1958; 1975), Beverton and 
Holt and others but these equations were never intended to predict with precision the 
expected recruitment at every spawning biomass level.  Rather, they were heuristic 
efforts to capture the rapid rate at which R declines when SSB reaches very low levels 
and the limited ability of R to increase with SSB. These heuristic formulations were 
needed because analytical simulation tools were not available to fishery science at a 
time when the need for management reference points like MSY was recognized.

The differences among the different equations at intermediate SSB level reflect different 
assumptions about the strength of density-dependent depression of productivity as 
carrying capacity (B0 on Figure 18) is exceeded. The equations predict that the more 
strongly density-dependence depresses recruitment above B0 (on the right of the B0 
line), the greater will be the amount of recruitment produced above the replacement 
line (RS) at SSB levels moderately lower than B0 (on the left of the B0 line), a 
phenomenon referred to as compensation. The different curves usually converge 
rapidly and smoothly (monotonically) towards the origin as R declines when S falls 
below a certain size (left-hand side of the relation). This decline is implicitly assumed 
to be reversible and rebuilding S (e.g. reducing fishing pressure) is the necessary and 
sufficient condition to restore R (and vice versa). However, the convergence of the SRR 
curves as SSB reaches low levels comes from the “forced” mathematical anchoring of 
the curves at the origin. This means the slope of these curves at very low SSB may not 
provide some of the information assumed in some publications (Myers 2001), simply 
because all lines have the same origin and must increase monotonically to the highest 
production of recruits observed at some intermediate SSB level. In reality, there is no 
assurance that such increases from SSB=0 upward are monotonic, and serious reduction 
in R may occur well before zero-SSB, leading to the depensation displayed in curve C. 
A SRR with a positive x-intercept has been found by Shepherd and Partington (1995) 
for Southern Australian abalone resources.

The SRR draws attention to the need to maintain a sufficient level of spawning stock 
(escapement) to avoid recruitment overfishing. However, the exact shape of the SRR 
is often: (i) unknown and implicit (as in a SPMs; (ii) explicitly ignored (as in a YPR 
models) (iii) averaged and considered as constant within reasonable levels of fishing 
and biomass: (iv) or, most frequently, forced onto the noisy dataset, selecting a priori an 
SRR type among the many theoretically available. Through these choices, assumptions 
are made on the shape of the SRR, particularly at low spawning-stock size level, and on 
the rebuilding trajectory that may be expected when reducing fishing pressure. 

As in a large proportion of fisheries, resources are now highly pressurized or 
overfished, reduction in recruitment have become obvious and the uncertainty in the 
SRR at low stock level, a problem raised long ago, e.g. in Hilborn and Walters (1992: 
241) and its consequences for rebuilding are becoming critical.  In conventional SRRs 
(e.g. in Figure 18, curves A, B) the rapid decline in R below a certain maximum value 
as S decreases under increasing fishing pressure provides a warning about looming 
recruitment overfishing. But the same limb of the curve, usually forced through the 
origin by the theoretical model used, has the highest slope (R/S) at the origin, implying 
that the fastest increase in recruitment levels is to be expected at the lowest stocks 
levels, a property that should facilitate rebuilding from these levels. This may not 
always be the case however (see section on depensation below).
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Moreover, the empirical inter-annual variability in the SRR, under changing climatic 
conditions is likely to be as important as in SPMs and YPR models but is difficultly 
accounted for in stock-assessment and management. Because of natural oscillations and 
measurement errors, the empirical stock and recruitment data produce usually a “noisy” 
data set. It has been known for as long a time that the SRR is all but deterministic and 
that while the parental stock will determine a distribution of possible recruitments, the 
particular value within this distribution in any year will be determined by the various 
environmental factors… at some early stage (or stages) in the life of that year-class 
(Gulland, 1983: 170). These environmental factors may be particularly relevant at very 
low abundance levels, adding uncertainty and a source of possible hysteresis between 
the depletion and rebuilding trajectories.

Relation between SRR, Y/R and SPMs

There is, obviously, a relationship between the SRR and the SPM in that at any level of 
fishing pressure (and fishing regime39) the yield at equilibrium in a SPM is the product 
of the Yield/Recruit (Y/R) by the number of recruits (R) determined by the SRR. 
Depending on the parameters of the population (growth, natural mortality, fecundity) 
and of the fishery (relation between fishing effort and fishing mortality) the biomass 
corresponding respectively to the maximum productivity and equilibrium yield (BMSY) and 
to the maximum recruitment (BMAXR) may be significantly different. Except for unusual 
population parameters, recruitment is believed to begin being negatively affected by fishing 
at a level of biomass lower than BMSY. However, how much lower is not easy to predict 
and, due to measurement difficulties and climatic variability, not easy to detect empirically. 
For this reason, it is often assumed that a limit biomass (Blim) around 20 percent of B0 is the 
biomass below which significant recruitment problems may start arising.

It is important to stress that BMSY is a target stock reference value for development (in the 
LOSC) and a limit reference value for such development as well as a minimum rebuilding 
target (in the UNFSA) while BMAXR is a stock conservation reference value below 
which reproductive capacity is reduced. Between BMSY and BMAXR rebuilding might be 
straight forward and light overfishing easily reversed. Even though recruitment may be 
somewhat smaller than at higher levels of biomass, it is sufficient to rebuild and maintain 
the stock, except perhaps in case of a series of very poor climatic conditions. 

At some point below BMAXR, however, the SRR shape may change (Figure 18, curves 
C) and rebuilding be much slower than expected assuming reversibility, and even 
compromised (see below).

The concept of depensation

It has been observed regularly that some depleted stocks do not respond as rapidly and 
strongly to rebuilding efforts as assumed in SPMs or Y/R models, and remain at very low level 
despite significant reduction in fishing pressure, a phenomenon referred to as depensation, 
also referred to as inverse density-dependence or Allee effect (Hilborn and Walters, 1992; 
Courchamp et al, 1999: Quinn and Deriso, 1999; Hilborn et al., 2014). Depensation occurs 
when, below a critical spawning stock threshold, the decrease in the number of recruits/
spawner (R/S) is faster than the decrease in the spawning stock (accelerating the decline) 
(Figure 18, C). The implication for recovery of this type of depensation is that the rate of 
rebuilding of recruitment and of stock biomass, when reducing fishing pressure, might 
be much lower than expected based on historical data leading to asymmetry between the 

39  The distribution of the fishing pressure on ages.



Bio-ecological dimensions 57

rapid depletion and slow rebuilding trajectories trajectory, a phenomenon referred to as 
hysteresis or hysteresis loop (see Panels C and D in Figure 15).  

Postulated mechanisms for depensation may include density-dependant factors, many 
of which have been proposed by Hilborn and Walters, 1992; Courchamp et al., 1999; 
De Roos and Persson, 2002; Persson et al., 2007; Van Leeuwen et al., 2008; Petitgas et 
al., 2010; Pedersen et al., 2017; and Neuenhoff et al., 2018, e.g.:

1. Reproduction difficulties due to, e.g.: (i) insufficient residual spawner densities 
for successful mating encounters (frequent in sessile organisms) or for effective 
egg fertilization; (ii) sex ratio-anomalies, e.g. if fishing depletes one faster than the 
other or sex-changes are related to age; or (iii) insufficient age-related fecundity at 
low spawning stock size with truncated age structures, particularly on long-lived 
low-productivity species (disappearance of BOFFFFs40);

2. Predator-prey relationships affecting reproductive success, e.g. (i) constant 
predation on the rebuilding species’ recruits, so that their predation mortality 
increases as their number decreases. An example may be given by the predation 
of the Canadian cod by grey seals (Neuenhoff et al., 2018); (ii) increased predation 
on the juveniles of a large predator, by its own preys, the abundance of which 
has been boosted by relaxed depleted predator control (reversals of predator–
prey roles) (Fauchald, 2010) (iii) interactions that generate alternative stable 
states through interaction of size-selective predators with preys having density-
dependent growth41 (Persson et al. (2007) (see Section 3.2.5);

3. Impaired social relations e.g. in schooling or migration that affect the reproductive 
process or survival to the spawning stock as well as transmission of knowledge 
about distinct spawning and feeding areas and migration pathways from old year-
classes to new ones (Petitgas et al., 2010).

In presence of depensation, the population SRR changes shape below a threshold 
stock-size and becomes concave (Figure 18, curve C). As stated above, we know little 
on the real shape and behaviour of the SRRs of any stock in deep-depleted areas where 
depensation is more likely to occur. The depensatory SRR might pass through zero or 
intercept the x-axis or at some positive value of stock-size so that no recruits at all will 
be produced even before spawning-stock extinction. 

When projecting the likely outcomes of a rebuilding of deep-depleted stocks, the possibility 
of depensation in the stock recruitment function used [for modelling] could become critically 
important. It has been the custom to assume that there is no depensation unless the opposite 
is shown to be likely (e.g. as noted by Holt, 2008) but this is not a precautionary assumption 
and the collapsed resources might be surprisingly uncooperative in a rebuilding programme. 
The evidence of depensatory phenomena is scarce but not negligible as seen below.

Evidence of depensation

Modelling studies indicate that depensation in depleted populations is likely (De Roos 
and Persson, 2002; Persson et al., 2007; Maroto and Moran, 2014) but it has been often 

40  Big Old Fat Fecund Female Fish
41  According to Persson et al. (2007) the Allee effect and catastrophic collapses can also emerge from the 

interplay of the individual life-history characteristics of size-dependent consumer growth and size-
selective predation mortality without needing any assumption about positive density dependence to 
occur at low population densities.
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considered as difficult to demonstrate empirically. Hilborn and Walters (1992: 262) refer 
to evidence that depensation is not uncommon in salmon fisheries. Frank and Brickman 
(2001) found, by simulation of the Canadian cod stock situation, that the progressive 
erosion of sub-stocks with different SRRs, could lead to strong depensation as the 
“weakest” sub-stocks are eliminated and indeed that the aggregation of all stocks into one 
management unit indeed hides the depensatory effect at the aggregated level, impeding the 
emergence of an early warning signal. Maroto and Moran (2014), analysing the stochastic 
population dynamics of fish stocks at low stock levels and taking the Northern cod stock 
as example, concluded that the lack of recovery of that species, despite the prolonged 
moratorium, was consistent with the hypothesis of depensatory population dynamics at 
low population sizes. This hypothesis has been recently confirmed by Neuenhoff et al. 
(2018) who, through simulations, concluded that the lack of recovery of the cod stock 
was mainly due to predation by grey seals (Halichoerus grypus) driving an Allee effect, 
and reckoned that cod recovery was unlikely without a large decrease in seals abundance. 

Earlier on, Myers et al. (1995) and Liermann and Hilborn (1997) did not find clear 
evidence of depensation when looking at data available on marine depleted stocks. Keith 
and Hutchings (2012) confirmed these studies founding strong evidence of an Allee effect 
for only one over more than 100 species observed at their lowest recorded spawning stock 
biomass, and a weak evidence in another three species. Hilborn et al., (2014) looked for 
more evidence of depensation in fishery data relating to over 100 marine stocks for which 
empirical data was available and had depleted to less than 20 percent of their maximum 
observed stock size. Figure 19 shows that the probability for a stock to increase with time 
is very high when stocks are heavily depleted (lower left corner, dark green) and fishing 
pressure is low (quadrant II) while their probability to decrease in high when fishing 
pressure is excessive, irrespective of relative stock size (Quadrant 4). They found that 
82 percent of the heavily depleted stocks (B/BMSY <0.2) increased when F was <0.2 FMSY 
showing no indication of depensatory behaviour at low abundance. They did not rule that 
risk out but considered the risk as very low in reasonably well managed fisheries. 

FIGURE 19
Empirical probability of stocks to increase with time as a function of relative 

fishing pressure (F/FMSY) and relative stock size (B/BMSY)

Along the isocline (grey diagonal line; quadrants I and III) and around the intersect of F/FMSY = 1 with B/BMSY = 1, the 
probability to increase and decrease are equal (around 50 percent). (redrafted from Hilborn et al., 2014)
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They concluded therefore that:

•	 Stocks depleted to low abundance should be expected to rebuild when fishing 
pressure is reduced, if the environment has not changed. However, they also indicate 
considerable evidence that the majority of fish stocks are impacted by changes in 
productivity regimes. We conclude from this that hysteresis in rebuilding (i.e. 
asymmetrical depletion and rebuilding trajectories) due to environmental shifts 
cannot be excluded either; 

•	 If stocks are very heavily depleted and fishing pressure is not reduced to quite 
low levels, the expected recovery time is both uncertain and long, and very low 
abundance levels should therefore clearly be avoided. We can note in this respect 
that the fact that the level of effort required to rebuild a stock appears to be 
much lower than the level at which the stock started to collapse would be a good 
indication of hysteresis, whether caused by depensation or other phenomena (see 
Section 7.4); 

•	 The range of abundance where depensation might be a risk is well below 
commonly adopted limit reference points. The implications of that conclusion are 
that evidence of depensation may be scarce because most fishery stocks have not 
been driven in the depensation-risk area. 

The lack of evidence of depensation in fishery depletion cases is also confirmed by 
Murawaki (2015) on a smaller and likely overlapping set of stocks. 

In conclusion, the modelling evidence of the possibility of depensatory effects in 
severely depleted fish populations is slowly building up. The evidence remains very 
scarce, perhaps because few stocks (among those regularly monitored) have been 
depleted to the point where the phenomenon becomes conspicuous, i.e. below the 
precautionary minimum biomass limits usually imposed in fisheries. The implication 
is that if fishing pressure is significantly reduced on lightly depleted stocks, these 
should increase. However, the risk may be real at very low level, for some very 
vulnerable populations, or under particularly unfavourable climatic conditions or 
predation affecting stock productivity. Other sources of hysteresis than bio-ecological 
depensation will be discussed in Section 7.4.

3.1.4 The Single-stock Fishery Development Model (FDM)

The fishery development model can be used when only landings trends are available. 
It is used to characterize the development phases of a single-stock fishery (as in Csirke 
and Sharp, 1984).

The development phases presently identified by FAO for the development of single 
fishery resources and fisheries are: (1) Underfished or underexploited, subdivided in 
the past into undeveloped and moderately exploited or developing; (2) Fully fished 
or fully exploited; and (3) Overfished or overexploited, subdivided in the past into 
depleted, collapsed and rebuilding categories. The different terms and concepts are 
illustrated in Figure 20 and explained below, following Larkin and Wilimowsky (1973); 
Csirke and Sharp (1984); and Garcia (1984) and FAO (2006). 
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This model has been used initially as a graphic and pedagogic device to describe 
the history of an uncontrolled fishery (a graphic version of the “Tragedy of the 
commons”) explaining the emergence of overfishing, the “overshooting”42 in case of 
fast development and to connect the terminology to stock assessment. The different 
phases identified structure the trajectories of catch, effort and biomass in a standard 
SPM, but presented as separate a time series instead of relations. 

The different phases are implicitly or explicitly connected to critical points in 
indicators, related to either the analytical Yield-Per-Recruit model, surplus production 
model, stock-recruitment relationship and bioeconomic models discussed above.

3.2 MULTISPECIES CONSIDERATIONS

The deterministic and reductionist Cartesian approach used into single-species fishery 
management followed since WWII, amply justified by our limitations in knowledge of 
complex systems and in computation, has become progressively inadequate as the reality 
of Nature and the consequence of ignoring it emerged. The recognition of this fact is 
not recent. In fishery science, the whistle-blowers are numerous. Larkin (1977) wrote 
a famous epitaph for the concept of Maximum Sustainable Yield to criticise the single-
species approach to fishery management. Since then, fishery science has evolved adopting 
broader analytical frameworks, progressively accounting for interactions between species 
and with the broader environment (e.g. Saila and Parrish, 1972; Anderson and Ursin, 
1977; Larkin, 1977; Pope, 1978, 1991; Caddy and Sharp, 1986; Caddy, 1999; Hall et al., 
2006; Garcia and Charles, 2007; Holt, 2008; Horwood, 2008; Andersen and Rice, 2010; 
Collie et al., 2013).

42  The catch continues to grow even though the stock starts to collapse as efforts and possibly catchability 
continue to increase. The collapse is masked for some time, aggravating the situation.

FIGURE 20
Localisation of the categories of state of stocks used by FAO on a hypothetical 

time series of catch, biomass and fishing mortality along a fisheries 
development, maturation, depletion and recovery process

The lower panel indicates the correspondence between the 6 phases identified in early FAO documents and the 
three ones used in more recent ones. The “overshoot” is a phase in which the reaching of MSY is not noticed 
or neglected, high catch is maintained by increasing fishing power, leading to a spike in fishing mortality before 
collapse. Graph inspired from Garcia (1984) and Csirke and Sharp (1984). Slight variations may be conceived
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It has been shown that species and size selectivity of fishing interact with its intensity to 
determine the responses of communities to fishing (Andersen and Pedersen, 2010; Rochet 
et al., 2011; Rochet and Benoit, 2011) and that maintenance of ecosystem structure (the 
Balanced Harvest concept) would require controlling le level and distribution of fishing 
on species and sizes (Garcia et al., 2012, 2014). However, the potential role of fisheries 
selectivity on community rebuilding has only recently been examined (Collie et al., 2013).

Stock rebuilding has been examined in an ecological community perspective, either 
addressing the community consequences of stock rebuilding (Andersen and Rice, 
2010), or the constraints on stock rebuilding imposed by the community and food 
web dynamics (Walters et al., 2008). It was recognized that rebuilding depleted stocks 
may be insufficient if the ecosystem service of providing food fish in a sustainable way 
requires ecosystem integrity (Murawski, 2000). More recently, the connections between 
the collapse of key stock and the evolution of the species assemblage surrounding them, 
during the collapse and the subsequent rebuilding has been described in the case of the 
Canadian Cod (Pedersen et al., 2017) underlining the possibility to detect community-
level early-warning signals that might improve the effectiveness of management strategies 
in ensuring persistence of exploited marine ecosystems. However, until recently, the issue 
of restoring the community itself and the importance of that rebuilding for key target 
stocks has not been directly addressed (Collie et al., 2013; Pedersen et al., 2017). 

Emerging in the late 1970s in freshwater resources management (Regier and Henderson 
1973) and spreading into the marine environment, the concept of species assemblage 
(or community) is still a reductionist but tractable view of the exploited ecosystem. For 
management, it involved recognizing interactions between fleets exploiting different sets 
of target species within the same or overlapping species assemblages. On one hand, the 
bycatch species of some fleets were the target species of other fleets creating loopholes in 
single-species TACs and quotas strategies, calling for better coordination of competing 
fleets management. On the other hand, the predator-prey relationship raised questions 
about the value of conclusions and forecasts from single-species models. 

Operational issues in multispecies rebuilding result from interactions between species 
and fleets: (i) Species interactions (mainly predator-prey relations at all stages of the life 
cycle) affect the size and the nature of the effect to be expected from rebuilding activities 
as well as the degree of certainty with which these effects might be forecast: (ii) Species 
co-occurrence (when a non-target species is taken as bycatch in a fishery directed at 
another species, and is protected by a catch limit) may lead to closure of the target fishery 
if the bycatch limit on the non-target species is reached. In this case, the bycatch species 
is referred to a “choke species”; (iii) Similarly, the interaction of fleets operating on the 
same species assemblage with different target, creates unexpected operational, social and 
economic linkages between them and their management. For example, a target species A 
is depleted in a fishery FA and is therefore subject to a rebuilding plan with drastic catch 
limits. But it is also taken as bycatch in another fishery FB targeting a different species 
B. If prematurely reached, the catch limit imposed on species A may lead to closing the 
fishery FB even though species B is exploited sustainably. Moreover, time and or area 
management designed to rebuild a depleted species A in an area may lead to transfers 
of fishing mortality to other species in the same or other areas (domino effect). These 
effects should be anticipated and studied when analysing strategic rebuilding options, 
for example modelling fishers as opportunistic top predators with preferences for certain 
targets (“preys”) but also with a capacity to substitute species.

When exploiting a multispecies system with a growing level of fishing effort, some of the 
following changes may be expected: (i) a decline of the aggregate catch per effort, although 
not necessarily if depletion of predators increases the biomass of preys; (ii) a rapid decrease 
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and commercial extinction of the oldest fish of each species; (iii) a decrease in the average 
size of all impacted species and of the frequency of trophy sizes in the catch; (iv) an increase 
of the relative contributions of small-sized fish and preys in the catch with time, especially 
if prices are adjusted upwards by increased demand; and (v) the unexpected increase of 
previously insignificant components of the system (e.g., squids, or jellyfish). If management 
is ineffective, the overall species composition and trophic structure may be modified as 
shown globally and in multiple large marine ecosystems (Figure 21). 

Figure 22 gives an example of an indicator showing an important decline of the 
proportion of large fish  (over 40 cm in length) in the North Sea bottom species 
assemblages. In a monitoring and rebuilding strategy, the proportion before the 1980s 
may be used as a reference value (baseline) for multispecies assemblages rebuilding.

FIGURE 21
Overall patterns of production (straight line) and exploitation (green curve) against 

trophic levels in 110 Ecopath models exploited across the world since 1970

FIGURE 22
Variation in the “Proportion of large fish” (> 40 cm in length) in the North Sea

Data include only exploited functional groups. Error bars represent the 95 percent confidence limits. Small 
numbers indicate the number functional groups in each TL interval. From Kolding, Bundy et al. (2016)

The 2008 value is indicated, as well as the reference value of 0.30 for the North Sea demersal fish 
community (historical baselined defined in 1982. Circles from the Scottish Autumn Ground Fish Survey.  Line: 
international ICES Bottom Trawl Survey (IBTS). Redrawn from Greenstreet et al., 2011
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3.2.1 Aggregate surplus production model

Surplus production models have been used to assess multispecies fisheries, pushing the 
concept well beyond its original field of application. We call these “aggregate” models 
as catches and efforts are simply “pooled” together looking at the aggregated trajectory 
without explicitly accounting for interactions between fleets and species. 

Figure 23 illustrates the empirical evolution of characteristic of a multispecies multigear 
fishery when fishing pressure increases. 

As the sustained level of effort grows, the gear composition and selectivity changes (e.g. 
from lines to nets, catching smaller species), the total catch appears to be relatively stable 
or decreases slightly; the catch per unit of effort (CPUE, and index of total biomass) 
increases first as the initial species mix is expanded, then decreases as the size of the 
fish caught decreases (large species decline or disappear) together with the number of 
species caught and the unit value of the catch (cf. Ralston and Polovina, 1982; Hoggarth 
et al., 2006; Mueter and Megrey, 2006). The sequential collapse of the more vulnerable 
species –abundantly observed in lakes and rivers– and their progressive replacement in 
the catch by smaller species with higher productivity, is hidden in the apparently stable 
total catch. The same remarkably stable relationship between yield and fishing pressure 
is observed when the relation is established across numerous water bodies (Welcomme, 
1995; 2001; Laé, 1997, 1997a). That stability cannot be infinite, and it is often assumed 
that the total system (i.e. the catch and the fisheries) is likely to collapse at higher levels 
of fishing pressure even though this has apparently never been observed. The risk of 
forcing communities’ composition towards dominance of smaller and more pelagic 
short-lived species through intensive fishing (and pollution) was stressed already in 
the early 1970s (Regier, 1973; Regier and Henderson, 1973). Numerous examples of 
the phenomenon exist in Lakes. Turner (1977) for example, indicated that in Lake 
Malawi, 20 percent of the species originally present in then heavily trawled areas had 
disappeared without affecting total catch levels. 

FIGURE 23
Theoretical evolution of multi-gear multi-species fisheries parameters (catch, 

CPUE, mean size, number of species in the catch, and productivity (P/B) in 
freshwater multigear, multispecies fisheries

Based on Welcomme, 2001
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In the marine realm, an example of this evolution was given for the Gulf of Thailand by 
Gulland (1972). The theory was further developed by Pope (1978) for multispecies trawl 
fisheries in West Africa and Pope (1979) and used later by Pauly (1984)(Figure 24) for 
the Gulf of Thailand trawl fishery and Ralston and Polovina (1982) for Hawaiian line 
fisheries. 

Despite the little evidence available on multispecies assemblages collapses in large 
ecosystems, the nonlinear response of abundance and yield to fishing pressure 
suggests that extreme caution is required when interpreting aggregated fishery data as 
an indicator of status of on exploited fish communities (Lorenzen et al., 2006). This 
concern is confirmed at least by simulation models which confirm the resilience of both 
structure and yield until a brutal collapse occurs (e.g. in Zhou and Smith, 2017). 

This raises the paradox that in multispecies contexts, overfishing may not be marked by 
declines in total yield (as in a population context), even though individual species and 
system-wide sustainability may be threatened. The collapse of single species/fisheries 
as total production is maintained or increases, signals a biodiversity crisis more than a 
fisheries crisis (Allan et al., 2005). 

To some extent, the analyses of global trends in marine capture fisheries landings and 
efforts reflect a similar use of the production model (Garcia and Newton, 1997; World 
Bank and FAO, 2009) aggregating similar regional phenomena. In terms of recovery, 
the implications are daunting. Sequential depletion has become “chronic” and systemic 
and a return to more balanced conditions would call probably for drastic, systemic and 
long-term measures. 

In terms of rebuilding, one implication of the above is that multispecies aggregated 
models may not be very useful to plan a recovery strategy as the effect of reductions 
in fishing pressure cannot be easily predicted.  the situation creates a serious problem 
in that, in heavily fished and hence densely populated environments: (i) the significant 
reduction of effort necessary, can only lead to immediate loss in catch (and food 
security); and (ii) larger catches can hardly be expected as an outcome of rebuilding in 
these environments even though catch and value per fishermen should increase after 
some time, at the cost of losing a significant part of the livelihoods. 

FIGURE 24
Two different surplus production models applied to the multispecies 

landings of the Gulf of Thailand fisheries (1963-1975)

Redrawn from Pauly (1984). The figure illustrates the resilience of landings to fishing pressure
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3.2.2 Multispecies MSY (mMSY)

The multispecies MSY (mMSY) is the conceptual equivalent of MSY when considering a 
productive species assemblage instead of a single stock. As MSY, mMSY might therefore 
be considered as a rebuilding target for a depleted assemblage if only it could be easily 
defined and calculated. It has been defined as the highest (average) total catch (by weight) 
of all target species in a region, ecosystem, or trophic chain, that could be caught over time 
without causing a decline in any single species of that region, ecosystem, assemblage, or 
trophic chain43. Accounting for species interaction, it is lower than the simple sum of the 
theoretical MSY of each individual stock of the assemblage. Houle et al. (2013) using a 
size-based model, confirmed that it was not possible to simultaneously maximize yield 
of forage fishes, intermediate predators and upper predators. This is, however, a mistake 
that is implicitly made in many ‘global’ aggregated fisheries assessments, including those 
that seek to link biological and economic aspects. This problem with aggregation and 
optimization will be discussed later in this paper.

In a complex predator-prey system, the maximum yield that could be obtained 
from any one species depends on the state of its predators and preys (May et al., 
1979). It is logical to expect that culling predators would enhance the potential yield 
from preys (e.g. Fauchald, 2010) as reducing the abundance of preys should reduce 
the productivity of predators. However, this logical foundation is very difficult to 
translate into practical fisheries strategies at the community level.  Most large fish 
predators pass through multiple trophic stages from larvae to adult, so a differentiation 
into “predator” and prey” cannot follow species boundaries.  Size based models of 
multispecies assemblages provide a way around some of these constraints. However, 
the species mix in each size category depends in part on the past fishing history of the 
species complex, and it will change as fisheries strategies change (Rochet et al., 2011; 
Houle et al., 2012; Zhou and Griffiths, 2008; Gislason et al., 2008; Pope et al., 2006; 
Daan et al., 2005). The implication is that size-based models are of limited value in 
developing harvesting strategies and particularly rebuilding strategies for the individual 
species contributing to the size spectrum.  Circumventing the challenges presented by 
growth and life-history “omnivory”, using multispecies models based on life-history 
stages, is also of limited value, since such models over-emphasise community resilience 
until near collapse, and then tend to reconfigure to new states that make recovery of a 
collapsed species unlikely (Pimm and Rice 1986).  Some studies of the Canadian East 
Coast cod collapses suggest such reconfiguration of the predator-prey community 
may have happened, in fact, but cannot unconfound the incompletely quantified direct 
effects of changes in the physical oceanographic environment on the biotic community 
from possible reconfigurations of the predator-prey community due to the depletion 
of cod (Bundy and Fanning, 2005; Frank, et al., 2005. 2006).   

With the necessary empirical and modelling evidence still in early stages of exploring 
questions about sustainable community-level harvesting strategies, only general 
concepts can be used to get general guidance on multispecies assemblage’s management.  
In absence of any interference from the environment, the combined MSY that may 
be extracted from a multispecies fishery (mMSY) depends on the amount of fishing 
mortality applied and its distribution across species. For systems with a history of 
moderate or intensive fishing, the order in which the species concerned were sequentially 
depleted and the extent to which other species have benefited from a reduction in 
predation, or suffered from a reduction in prey, will also influence the mix of species 
whose yields and trophodynamic interactions contribute to the mMSY.  The likely 

43  http://www.oceanhealthindex.org/methodology/components/fisheries-catch
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implication for rebuilding of a depleted assemblage is that the rebuilding trajectories of 
the different species and the resultant mMSY at the end of the rebuilding process are 
only weakly predictable. The uncertainty is only partly due to insufficient theory to 
build such dynamic community recovery models and insufficient data to parameterize 
them. It is also in part due to the presence of such a large number of feedbacks in such 
systems that the outcomes may be both highly buffered against modest perturbations 
of the abundance of individual species, and show major reconfigurations or instabilities 
in response to large perturbations in abundance of species in key positions in the food-
web model. Consequently, the depletion process would not be exactly reversible, and 
hysteresis is expected to be present.

Worm at al. (2009) have looked at a simple model estimate of mMSY in a number 
of fished ecosystems and its related ecosystem impact in terms of biomass, number 
of species collapsed and maximum mean length (see Figure 25). Consistent with the 
argument above, MSY becomes an emergent property of a complex system, resulting 
from predation and competition. As a rebuilding target, in amount and species 
composition, it would be empirically “discovered” only once the rebuilding process is 
completed (i.e. aggregated catch stops growing). Even then, it would be only one mMSY 
among many possible ones and the trajectory to it is not precisely predictable.  What 
does not seem to have been clarified yet is the extent to which the empirical mMSY 
that can be extracted from a species assemblage would depend on the order in which 
its various components are exploited, i.e. in the traditional sequential development 
process. Fulton (Pers. Com.) indicated, based on her experience in simulations, that the 
order is likely to be relevant. An implication of this for rebuilding is that its outcome 
will also depend on (i) the order in which different species-rebuilding measures were 
adopted, and (ii) the order in which different species respond to rebuilding and the 
strength of their response. Those responses have been shown to be system-specific but 
whether the specificity relates to general dynamics of the assemblage or to the history 
of depletion of its various components is not known.   

Indeed, in a complex multispecies assemblage exploited by actors independently trying 
to optimize their yield, Farcas and Rossberg (2016) define mMSY as the outcome of 
a Nash equilibrium represented by the average long-term total catch (with its species 
profile) resulting from the actors’ interaction. These authors used Management Strategy 
Evaluation (MSE; cf. Section 7.5.6)44 methodologies to compare, through simulation, 
the outcomes of three different management strategies: (i) constant mortality FMSY; 
(ii) constant biomass BMSY; and (iii) self-optimization using a Harvest Control Rule 
(HCR) to adjust F values to monitored values of B45. The strategies were implemented 
taking species interactions into account, or not, and aiming at one of three alternative 
targets related to a balance in fishing pressure on each stock (Nash pressure) or its 
biomass (Nash state) or to maximization of total yield:

1. Nash pressure: at which each stock of the assemblage is exploited in such a way that 
its long-term yield cannot be increased by changes in the exploitation rate of any 
other single stock in that assemblage. The yields of each stock is simultaneously 
but separately maximized; 

44  MSEs were developed in the 1980s to assess alternative management strategies for whales and 
progressively expanded for application to fish (Walters and Hilborn, 1976; Hilborn and Walters, 1992; 
Kirkwood, 1997; De la Mare, 1998; Punt and Smith 1999) and have become an accepted best practice 
(Butterworth, 2007; Fulton and Link, 2014)

45  The limitation of HCRs is their exclusive use of biological parameters (usually biomass and fishing 
mortality) disregarding social and economic parameters, hence not allowing optimization in the 
rebuilding process (Hilborn, 2002; Clark, 2006).
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2. Nash state: at which each stock of the assemblage is exploited at such a stock size 
(e.g. spawning stock biomass) that its long-term yield cannot be increased by 
changes in the stock size of any other single stock in the assemblage. Again, the 
yields of each stock is simultaneously but separately maximized;

3. Maximum total yield. The strategy maximizes the summed long-term yield from 
all exploited stocks. This implies trade-offs between stocks and actors, with los-
ers and winners46 depending on both the relative productivity of the stocks and 
the relative status of the various actors prior to adopting the strategy and would 
require explicit and potentially difficult negotiations between them.

Disregarding size-selectivity, conservation constraints, fleets interactions, market forces, 
and environmental drivers, and using yields, state of biodiversity; implementation 
costs including interaction costs, and political acceptability as performance criteria, 
Farcas and Rossberg (2016) conclude: (i) Plans targeting stock biomasses consistently 
led to higher yields yielded than those targeting specific fishing pressure; (ii) Plans 
considering species interactions outperformed those disregarding them; (iii) When 
aiming at maximum yields, plans aiming at maximizing each stock production 
separately (towards a Nash equilibrium) produced total yields comparable to yields 
from plans aiming at maximizing total yield, were more robust to structural instability, 
but required more negotiations between actors. 

The work of Szuwalski (2016) and Cao et al. (2017) on Chinese fisheries suggest that 
the rebuilding of the present assemblages (from which predators have been virtually 
eliminated) towards their original composition, if possible, may be at the expense of 
total catch and food security. Garcia and Newton (1997) had made the same suggestion 
at the global level. They stressed that the global rebuilding to MSY levels might not 
produce higher catches, because of predator-prey relationships and that simply adding 
the apparent losses in each resource compartment to calculate the potential overall 
benefit of improved global management leads to significant overestimation of the 
benefits. 

The implications for rebuilding are that structural multispecies models are necessary 
to improve understanding of multispecies interactions and foresee to some extent, the 
direction of changes to be expected from rebuilding strategies. However, at least for 
the present, and possibly in the long term they will provide limited predictive power 
in forecasting the trajectory of the species and sizes in a community subjected to a 
community-level rebuilding plan.

3.2.3 Structural multispecies simulation model

The evolution of multispecies assemblages under increasing fishing pressure may be 
better addressed using structural simulation models in which species interactions can 
be explicitly incorporated. (Anderson and Ursin, 1977; Hall, et al., 2006; Worm et 
al., 2009; Andersen and Rice, 2010; Garcia et al., 2010, 2012; Collie et al., 2013; Fay 
et al., 2015). A wealth of multispecies models exists (Plaganyi, 2007) with a range of 
complexity that is not addressed here.

While it is agreed that species and size selectivity interact with fishing intensity to 
determine the responses of communities to increasing fishing pressure (e.g. in Hall et 

46  In theory, although the outcomes of the two preceding strategies may not allocate equally the outcomes 
among actors, they do not generate “winners” or “losers” in the sense that no-one in a Nash equilibrium 
could gain more than under that equilibrium.
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al., 2006), the way in which depleted species assemblages respond to reduced fishing 
intensity has got little attention (Collie et al., 2013). 

Fish communities react in complex manners to exploitation rate, when they are 
depleted and when the fishing pressure is relaxed. Phenomena that can be observed 
when depleting assemblages include: prey reversal, trophic cascades, or local extinction 
of dominant species. These changes may reverse when predatory fish are allowed 
to recover. These represent strong structuring forces that affect recovery pattern. 
Reducing effort on a multispecies assemblage to the mMSY level may help rebuilding 
some populations of some species while others may remain depleted. And rebuilding 
these stocks may require more drastic measures on fishing capacity, trading off human 
for conservation benefits (Worm et al. 2009). Figure 25 gives an example of evolution 
of the relative production and characteristics of a species assemblage under increasing 
fishing pressure.

The response curves bear some similarity with a single-species production model and 
the exact shape depends of the assemblage structure and on the distribution of fishing 
mortality on the resources system components. With increasing fishing pressure, 
the aggregated yield increases to the multispecies MSY (mMSY) level. Depletion is 
reflected by decreases in biomass, in mean maximum size of the individuals and by 
the increase in the proportion of the maximum number of species that collapse. In the 
assemblage represented in Figure 25, the mMSY of the assemblage is obtained when 
the assemblage biomass is close to 35 percent of the unfished level (BMSY = 0.35B0). 
This value may change with the nature of the assemblage but is remarkably similar 
to estimates of BMSY from many single-species models (between 30 and 40 percent 
of B0).

This model illustrates well the problem of rebuilding compared to depleting. It is highly 
unlikely that a reduction in fishing pressure can rebuild the assemblage, reversing the 
depletion trajectories of the different properties of the assemblage (biomass, collapsed 

FIGURE 25
Evolution of catch, biomass, maximum individual length and collapsed species 

(as a percent of the maximum possible) as the exploitation rate increases in the 
Georges Bank multispecies community (US North eastern shelf).

Redrafted from Worm et al., 2009. © 2009. National Academy of Sciences
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species, size and age truncation, collapsed species, spawning biomass levels, etc.), at 
least not at the same rate, and possibly not at all. This is confirmed in Collie et al (2013) 
and by Fulton (Pers. Com.) who finds a phenomenon of hysteresis in the simulated 
rebuilding process, the importance of which increases with the degree of depletion.

While we have not seen any analysis on influence of the order of depletion of 
species in an assemblage on the mMSY estimate (in a sequential depletion process) 
B. Fulton (Pers. Com.) indicates that: (i) this order will have an influence; and (ii) 
when undertaking a recovery process of a depleted assemblage, not all species will 
recover at the same speed (and some may not recover). The result is in part system-
specific but whether the differences are due to ecosystem dynamics or initial order 
of depletion in not known.

3.2.4 Aggregate fishery development model

Grainger and Garcia (1996: 24) and Garcia (2009) have considered the evolution of 
fisheries landings (and their relative rate of increase) at the level of resources clusters 
(meta-fishery) in FAO statistical divisions, classifying fisheries in 4 phases: undeveloped 
(low landings), developing (rising landings), mature (stagnating landings) and senescent 
(decreasing landings) (Figure 26). 

The analogy with the fishery development cycle given in Figure 20 is evident. A 
purposely different terminology was used to stress the fact that the relation between 
a phase in the fishery landings evolution and the state of the underlying stocks could 
only be established with additional information, as done 20 years later by Costello et 
al. (2016). The difference is, for example, that the “maturity” and “senescence” in the 
landings profiles may result from full exploitation and overexploitation of the mix of 
populations species concerned, but also to other sectoral development factors such as 
market crises, changes in government policies (e.g. regarding subsidies), changes in 
management policies (reduction of TACs), limitations in technology (limiting fisheries 
expansion on offshore components), etc. 

FIGURE 26
Idealized aggregated fisheries development stages looking at landings 

and their relative rate of growth

From Garcia, 2009. The collapsed stage was not indicated  
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3.2.5 Vulnerability of assemblages

Assessing the vulnerability to depletion of a bycatch species is not very different from 
assessing that of the target species with which it is caught, if the data are available. 
The issue is significantly more complex when assessing the vulnerability of large 
assemblages of numerous and biologically and ecologically diverse bycatch species 
(e.g. in tropical shrimp trawl fisheries). In theory, the vulnerability of the assemblage 
of species in an ecosystem should be less than that of its single components, because 
of functional redundancy (Rice et al., 2013). Nonetheless, the vulnerabilities might be 
established by species and considered as a group.

In a data-poor environment, the vulnerability of a species to depletion and hence, 
most likely, the difficulty of its rebuilding could be represented (as in Figure 27) as a 
combination of two factors:

1. Species susceptibility to capture and fishing mortality, i.e. of being caught and 
killed, related to economic value (an incentive to fish), accessibility (distance to 
shore, depth), and degree of compliance with conservation measures (distance 
from ports; jurisdiction) (FAO, 2000);

2. Species capacity to recover from depletion related to bioecological traits such as: 
(i) the species probability of successfully breeding which, itself, depends inter 
alia on their length-at-first capture; maturity ogive, maximum size reached; 
reproductive strategy (broadcast spawners vs egg bearers) and reproductive 
traits (e.g. hermaphrodism); and (ii) the level of removals and fishing mortality; 
(Stobutzki et al, 2011). 

The vulnerability to depletion of an assemblage could be represented by ranking its 
species components in terms of their individual vulnerability and approaching their 
protection prioritizing action in relation to ranking. Additional factors in such ranking 

FIGURE 27
Theoretical relation between species susceptibility to capture by the 
gear (trawl) and capacity to recover from depletion, in the Northern 

Prawn Fishery of Australia

Inspired from Stobutzki et al, 2011. The position of all bycatch species caught on the diagram (dotted square) 
allows an assessment of the level of risk of all bycatch species in a fishery.
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might be legal constraints at national level (a Species Protection Act) or international 
level (e.g. listing of a species in CITES)

The IUCN Red List assessment of threat is also based on a similar approach, 
categorizing species or defined populations with respect to threat of extinction 
worldwide, using a series of criteria including the extent of decrease of a population 
(the “decrease criteria”), area of occurrence and its fragmentation, absolute population 
size and/or quantitative estimate of probability of extinction (IUCN, 2011). However, 
while characterizing the risk of further loss, the Red List itself does not address 
the likelihood of recovery from depletion nor the specific measures that would be 
necessary, although ancillary information of that type is likely to be developed once 
the species is listed. 

Multispecies depensation?

While the term might not be appropriate, phenomena similar to depensation at low 
population level may affect species assemblages when they are depleted below some 
critical level. There is very little work on the subject in terms of both modelling and 
empirical evidence.

In species assemblages, the likely existence of hysteresis47 in the rebuilding trajectory 
has been suggested based on empirical evidence in the North Atlantic (Collie et al.; 
2008). Van Leeuwen et al., (2008) have shown that the rapid decline and lack of recovery 
of the North-West Atlantic and Baltic Sea cod stocks, following a period of large 
biomass could be ascribed to an emergent Allee effect (and not only to environmental 
factors as usually hypothesized) because of the interaction between cod and its prey 
(sprat) following the mechanism proposed by De Roos and Persson (2002). Moreover, 
Persson et al. (2007) have demonstrated experimentally the validity of their theory in 
a freshwater lake and suggested that when a predator is deep-depleted and under some 
depensation effect, the culling of its prey may be an effective way to trigger its recovery. 
This phenomenon, referred to as cultivation depensation was described also by Walters 
and Kitchell (2001). However, the rapid increases in the Canadian Atlantic cod since 
2010, following oceanographic changes but with no changes in its prey population 
seems to contradict Persson et al. interpretation (Rice, 2018). 

Gardmark et al. (2014) showed that mechanisms underlying alternative stable states 
caused by predator–prey interactions can be revealed in field data in the case of the 
Baltic Sea cod and its prey (sprat). They distinguished two types of mechanisms, 
‘cultivation-depensation’ and ‘overcompensation’, that can cause alternative stable 
states preventing the recovery of overexploited predator fish populations. Importantly, 
they argue that the type of mechanism can be inferred from changes in the predators’ 
body growth in different life stages, allowing the approach to be readily applied to 
monitored stocks of predator fish species to understand the causes of catastrophic 
collapses in marine predator–prey systems and inform managers on how to restore 
these stocks when they collapsed. 

Finally, Neuenhoff et al. (2018) showed by simulation that the lack of recovery of the 
Canadian Cod could be related to the intense predation of cod by the grey seals to the 
point that recovery was unlikely if the seals abundance does not decline significantly.

47  i.e. the rebuilding trajectory of a multispecies assemblage is different and slower than the depletion 
trajectory 
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3.2.6 Example: North Atlantic

Collie et al. (2013) compared the Georges Bank and North Sea fish communities and 
their evolution during the last decades under rebuilding strategies to assess the extent to 
which biodiversity is restored when fishing pressure on a complex species assemblage 
is reduced. The two communities have in common a history of overfishing followed 
by attempts to rebuilding. They also have similar levels of biomass and diversity but 
different community structures, hardly explained by past fishing patterns. Fishing 
pressure has been reduced in different ways and stocks have started to rebuild in both, 
faster in the Georges Bank. 

Combining multispecies simulations and trawl survey data, Collie et al. showed that 
community metrics responded within few years to a step change in fishing pressure, be 
it an increase or decrease. Total biomass was the most reactive metric and stabilized after 
two years of high fishing pressure, or recovered within five years to its unfished level 
when fishing was released. Recovery was partial and uneven. Some preys “overshot” 
their pre-fishing abundance levels. Parameters other than total biomass recovered only 
partially and recovery never reached back unfished levels. 

Modelled recovery was faster with a zero-fishing than with stepwise effort management. 
While most species recovered, some did not and species composition shifted to small, 
more abundant species. Increase in biomass does not imply re-establishment of the age and 
size structure. Some vulnerable predator species started recovering after 20 years only and 
others did not recover even after 25 years. Some species at lower trophic levels rebounded at 
higher than unfished level, probably because of the absence to top down predator control.

In real life, both communities experienced a decrease in fishing intensity, which was 
larger overall but more gradual in the North Sea. The Georges Bank community seemed 
to respond well to fishing controls. The North Sea community by contrast seemed to 
respond more strongly to environmental drivers. Recovery occurred in the Georges 
Bank where species and size selectivity decreased significantly in the process, with the 
residual fishing effort exploiting a wider range of species and sizes48 than in the North 
Sea where recovery seemed to be just starting when the analysis was being conducted.

The reason for the differences between the two communities responses cannot be known 
for sure but may involve a combination of differences (that cannot be disentangled) in: 
(1) Fishing regimes applied during the rebuilding process; (2) Environmental drivers 
evolving differently; (3) Different starting situations, reflecting possibly fundamental 
differences in the ecosystems or difference in exploitation histories; (4) Lags in 
respective communities’ responses to changes in management regimes which may be of 
6 years according to Daan et al. (2005) but also 15 or more years for large species and 
even 25 years in some simulations (results cited in Collie et al., 2013). 

In summary, on rebuilding species assemblages, Collie et al. (2013) conclude:

•	 The outcome of community rebuilding is not simply the sum of the outcomes of 
single-species rebuilding plans because of specific rebuilding rates and interaction 
terms; 

•	 Long-lived predators rebuild more slowly than short-lived preys because of 
differences in growth rates and predation release; 

48  Apparently a more “balanced harvest”, sensu Garcia et al. (2012, 2015)



Bio-ecological dimensions 73

•	 The rebuilding community structure may be unpredictably different the formerly 
exploited one (Hysteresis); 

•	 Aggregate values of abundance and biomass may be useful rebuilding indicators 
which respond quickly to reduction in exploitation and may recover to pre-
exploitation levels;

•	 Total biomass responds rapidly to rebuilding efforts but may hide large shifts in 
species composition. In contrast, size distribution and species diversity respond 
more slowly but are more are more faithful indicators of rebuilding;

•	 Community metrics measured from contemporary trawl survey data reflect the 
cumulative effects of historical and recent overexploitation regimes; 

•	 Decreasing fishing pressure is necessary but not always sufficient for community 
rebuilding. Delays between measures and rebuilding should be expected;  

•	 The community response may be confounded by regime shifts in the environment;

•	 Selective fishing can delay community rebuilding, particularly if size-selective 
fisheries target the larger species that are slow to rebuild. Species-selective fisheries 
could be part of the problem if they amplify the imbalance in species composition 
as the community rebuilds, or they could be part of the solution if faster-growing 
species are targeted while allowing the slow-growing species to rebuild;

•	 Ultimately, the need to rebuild communities depends on how society values 
biodiversity. If stocks rebuild within a community with different proportions of 
species that perform the same ecological functions, the ecological integrity of the 
system may be maintained, but fishermen would have to adapt to a different species 
mix. The ecosystem approach to fisheries management will need to articulate what 
level of community rebuilding is desirable and what level is attainable given past 
levels of depletion.

In a very complementary study, limited to the Northwest Atlantic (mainly around 
Newfoundland) Pedersen et al. (2017) analyzed jointly the trajectories of key target 
species and non-commercial species community before (1980s), during (1990s) and 
after (2000s) the “Cod collapse”. They show that the evolution describes a collapse 
that affected the entire assemblage level49. The cod collapse was simultaneous with that 
of other groundfish target species (e.g. Haddock, Plaice, Redfish), triggering trophic 
cascades that resulted in increased biomass of large benthic invertebrates and distinct 
alterations in forage fish across ecosystems. Capelin (Mallotus villosus) collapsed 
abruptly in Newfoundland (reducing pressure on juvenile cod) but increased on the 
southeastern Scotian shelf. They also indicate that initial signs of a recovery process 
in many target and non-target species are perceivable in Newfoundland, the Grand 
Banks. Overall, they showed that:

•	 Complex changes were observed, in target species, abundance, distribution and 
dominance. Non-target species showed changes in community traits (i.e. biomass, 
synchrony, composition, functional diversity and spatial structure); 

49  The authors refer to an “ecosystem-level” phenomenon but they really refer to the species assemblage.
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•	 The decrease in cod biomass had started before that of the other target species, e.g.: 
plaice, haddock and redfish; 

•	 The collapse was characterized by declining abundances of cod throughout the 
region and by the spatial homogenization of community composition (loss of 
depth stratification). The phenomenon persisted during the collapse period and has 
started to reverse to “normal” as cod started to rebuild;

•	 The associated species community biomass decreased (in the 1980s) faster than 
the community composition and functional diversity which resisted until the 
1990s when the collapse is deemed to have taken place (Figure 28). A symmetric 
phenomenon took place in the rebuilding process, as community composition 
and functional diversity recovered faster than biomass (somehow contradicting 
the intuition of Murawski (2000). Functional diversity recovered also faster than 
species composition. This seems to indicate that the community structure and 
function are more resilient than its biomass and that its function is more resilient 
than its structure;

•	 Despite the apparent symmetry in Figure 28, there is hysteresis in the depletion/
rebuilding process. There is a high and increasing synchrony among species of 
the assemblage during the depletion process, under excessive fishing pressure and 
degrading climate conditions (colder temperatures). That synchrony is lost during 
the collapse and early rebuilding periods, with spatially heterogenous and time-
variable response to rebuilding of the different species once the drivers reversed. 
The authors stress that it is not yet clear whether the pre-collapse situation will be 
entirely restored in the end, or if a new “healthy” ecosystem will be created instead;

•	 Strong similarities existed between phenomena in Newfoundland shelf and the 
Grand Banks but clear difference with the evolution on the Scotian Shelf, further 
south, that could not be explained;

FIGURE 28
Relative change of different community metrics over time scaled 

between 0 and 100, the reference value in 1981

1990 is considered the start of the cod collapse, and an important change of gear occurred in 1995. Redrawn 
from Pedersen et al., 2017. © Creative Commons 
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•	 The lack of assessment on non-target species before the collapse impeded an 
assessment of the extent of the ongoing rebuilding (lack of baseline).

Pedersen et al. (2000) concluded that the collapse and recovery of fisheries ecosystems 
might be better understood (and the chances or recovery increased) by studying the 
whole groundfish community and not only the target species and particularly the 
space-time dynamics of the different properties of the community.

3.3 ECOLOGICAL CONSIDERATIONS

Ecological considerations in fisheries rebuilding are of two types: (1) the impacts 
that fishing activities may have on the ecosystem and that may affect the delivery of 
ecosystem goods and services to fisheries stakeholders and the broader society as well 
as the rebuilding process; and (2) the effects of the broader ecosystem on fisheries, 
blurring or aggravating fisheries impact, and possibly hampering or facilitating 
rebuilding. 

Fisheries have impacts on target, associated and dependent species and, for many 
of them, on habitats, the combined and cumulative impact of which may lead to 
ecosystem-wide impacts (Pauly and Christensen, 1995; Goñi, 1998; Jennings and 
Kaiser, 1998; Kaiser et al., 2003; Cury and Christensen, 2005). For example, fishing 
has a direct voluntary impact on the target stocks and an accidental (collateral) impact 
on target and non-target stocks through bycatch or ghost fishing. Impacts include 
reductions in abundance and changes in size and species composition and possibly 
modification of population traits (forced evolution). Fishing has may also have a 
direct impact on the bottom when heavy dragging gear is used, impacting the seabed 
structure, living habitats and benthos. Indirect effects are those interconnected effects 
that are mediated by biological interactions (e.g. predator-prey relationships) resulting 
from e.g.: dumping and consumption of discards and offal by scavengers; trophic 
cascades; reduction of resilience to climatic oscillations; changes in the ecosystem 
trophic structure (Pauly, 1998; Essington et al. 2006). In most instances, the analysis 
and prediction of fishing impacts on ecosystems is complicated by the compounding 
effects of natural oscillations of the ecosystem concerned and by climate change (Cury 
and Christensen, 2005; Coll et al., 2008) (see Section 7.5.5).

According the CBD (Article 2) “Sustainable use” means the use of components of 
biological diversity in a way and at a rate that does not lead to the long-term decline of 
biological diversity, thereby maintaining its potential to meet the needs and aspirations 
of present and future generations. One implication of this requirement that has 
received little operational attention yet in fisheries is that to be considered sustainable, 
fisheries should not only meet the LOSC MSY criteria for target species and protect 
the spawning potential of non-target species, but also maintain the diversity of species 
assemblages, but also stocks structure, sub-populations, and genetic characteristics, 
which are all part of “biodiversity”.  

According to the CBD ecosystem approach, a sustainable use of biodiversity should 
maintain and restore (or minimize) the impact on ecosystem structure and function 
(cf. Section 5.2). Hence, restoration must be a realistic option. This requirement 
is acknowledged in the ecosystem approach to fisheries (EAF) (FAO, 2003). This 
recognition of the ecosystem context of sustainable use would suggest that fisheries 
are accountable for recovering not only the species they deplete but for addressing 
and mitigating the full range of ecosystem impacts resulting from fishing activities 
(e.g. on non-target species and habitats). It can be argued that “ecosystem restoration” 
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(ER), in general, is a multi-sectoral issue and responsibility, dealing with multiple 
exposures, well beyond the terms of reference of any fisheries management authority. 
Consequently, to be more effective, fisheries ecological restoration should ideally be 
undertaken within an integrated ecosystem-wide cross-sectoral framework such as 
Integrated Coastal Area Management (ICAM) or Marine Spatial Planning (MSP)50 
(FAO, 1996a; Douvere and Ehler, 2009; Sale et al., 2014; Meaden et al, 2016). 

Utilitarian ecological restoration has been practiced for centuries as part of traditional 
sustainable use and the concept has gained traction since the mid-19th century in the 
conservation of soils, water, forests and fisheries (Falk et al., 2006; Garcia et al, 2014). 
Within the last two decades, science-based ecological restoration has been receiving 
more systematic attention, particularly in technologically advanced nations, and 
scientific developments tend sometimes to be at a level of sophistication higher than 
the one managers can implement. 

This Section 3.3 of the document (i) illustrates the rising awareness of ecosystem issues 
in the fishery sector, (ii) reviews briefly the general conservation concepts of ecosystem 
restoration and Biodiversity Impact Mitigation (BIM) and (iii) examines the ecological 
impacts of fisheries and the issues of relevance in the dawning process of fishery-
specific ecological restoration, and its connection to the general ecosystem restoration 
processes and concerns, recognizing that this larger question remains to be debated and 
addressed, once the right forum is agreed.

3.3.1 Rising ecological awareness in fisheries

Before the 1970s, the fisheries environmental concerns were limited to understanding 
the reasons for natural changes on fishery resources productivity mainly as a 
perturbation, generating statistical uncertainty in a management system in which 
fishery resources were assumed to be driven mainly by fishing. 

From the early 1970s51 to the end of the 1980s and the adoption of the Precautionary 
Principle in the North Atlantic in 1987 (Roswadowski, 2002: Chapter 7), the main 
environmental focus was pollution, environmental degradation and their impact on 
fisheries (cf. Stevenson, 1973)52. 

In the late 1980s and 1990s53, the broader focus of fisheries research and management, 
initiated in the early 1970s, gained significant traction. The attention started shifting 
from pollution to species and habitat protection and the ecosystem effects of fishing: 
species interactions, predator-prey relations and the effect of climate change, opening 
the door to the application of the Ecosystem Approach (required in the 1992 CBD) 
into fisheries. In the North Atlantic, the ICES Study Group on Ecosystem Effects 
of Fishing was established in 1994. It was reluctantly agreed to look at interactions 
between fisheries and seabirds in 1993 but the movement gained traction. In 1994, 
the ICES WG on Ecosystem Effects of Fishing considered the use of closed areas for 
ecosystem recovery (Roswadowsky, 2002: 271), followed in 1999 by the ICES-SCOR 

50  Marine Spatial Planning is a public process of analyzing and allocating the spatial and temporal 
distribution of human activities in marine areas to achieve ecological, economic, and social objectives that 
are usually specified through a political process (Ehler and Douvere, 2009).

51  In the wake of the 1972 UNCHE in Stockholm.
52  The emphasis on pollution and contamination, in the fishery arena, seems to have significantly declined, 

but certainly not the impact (cf. Islam and Tanaka, 2004) which, however, remains non-assessed at the 
level of single fisheries, nationally and globally, in part because contrary to fisheries’ impact, the data 
collected are insufficient.

53  In the wake of the 1992 UNCED and the creation of the CBD
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Symposium Ecosystem Effects of Fishing (Gislason et al., 2000). The significant 
understanding on ecosystems and species interactions generated by science is beginning 
to have penetration in fisheries.  The largest contributions have been in areas of multi-
fleet, multispecies integrated management, accounting for fleet interactions (mixed 
species catches and bycatch). Accounting for species interactions (particularly policies 
for harvesting forage species) and, more recently, ecosystem caps on aggregate predator 
harvests, now play a role in quota determinations in some jurisdictions. However, 
many of the ecosystem models are finding that the oceanographic drivers and variation 
are more dominant in the short-term population dynamics than the trophodynamic 
interactions. Consequently, ecosystem studies are shifting attention to informing 
medium-term harvest strategies more than annual quota adjustments. The emphasis on 
pollution and contamination, in the fishery arena, seems to have significantly declined, 
but certainly not the impact (cf. Islam and Tanaka, 2004) which, however, remains 
non-assessed and non-integrated in fishery management at the level of single fisheries, 
national fishery sectors and globally.

In the 2000s, progress accelerated significantly with the FAO-Iceland Reykjavık 
Conference on Responsible Fisheries in the Marine Ecosystem, in 2001 (Sinclair and 
Valdimarsson, 2003), the 4th World Fisheries Congress on Reconciling Conservation 
and Exploitation in 2004 (Nielsen et al., 2008) and the IOC-SCOR symposium on 
Quantitative Ecosystem Indicators for Fisheries Management (Cury and Christensen, 
2005). FAO adopted the Ecosystem Approach to Fisheries (EAF) (FAO, 2002; 2003). 
EAF broadened the conventional fishery management paradigm, raising awareness on 
ecosystem spatial, species and demographic structures and function (i.e. biodiversity 
and productivity), ecosystem dynamics (species interactions, predation, competition, 
cannibalism; role of habitats; changes in boundaries and attributes; climate forcing, 
oscillations, regime shifts and climate change. EAF calls also for an adaptive governance 
and risk management to cope with the increased level of uncertainty. Its implementation 
has been progressing slowly both at national and regional level, in RFMOs (Rice, 2010; 
Rice et al., 2011), mainly focussing on impact avoidance and minimization within 
a risk assessment and management framework (Garcia, 2007; Bianchi and Skjoldal, 
2008; Link, 2010; Fletcher et al., 2016; FAO, 2016b) and with due regard to human 
dimensions and the connections between the human and natural subsystems (Charles, 
2001; Garcia and Charles, 2007; De Young et al., 2008; ICES, 201654). 

EAF has “revealed” to the wider audience the complexity of the relation between 
fisheries and their ecosystem, the interactions and cumulative impacts of fisheries and 
other economic sectors, and the limitations of single-species management. It has also 
been underlined, however, that a systematic and effective approach to single-stocks 
overfishing, including the reduction of fishing capacity and of unwanted bycatch, and 
the protection of critical habitats, would go a long way towards limiting the cumulative 
and collateral impact of fishing, facilitating the achievement of EAF goals (e.g. NRC, 
2009).

The need to manage fisheries in a broader spatial framework, within Integrated Coastal 
Area Management (ICAM), e.g. in FAO (1996b) and Scialabba (1998) or Marine Spatial 
Planning (MSP), e.g. in Meaden et al. (2016) has been stressed repeatedly, including in the 
UNCED Agenda 21, with limited progress. However, there has been little consideration 
yet about “ecological restoration” in fisheries, moving from the concern about the 
reduction of the ecological impacts of single fisheries, to a more holistic concern about 
the impact of whole fishery sectors whole on the entire ecosystem they use. In the 

54  http://www.ices.dk/news-and-events/symposia/MSEAS/Pages/MSEAS.aspx
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following sections, we will limit our scope to fishery-related issues of degradation and 
restoration of ecosystems, recognizing that holistic ecosystem management is a much 
broader issue than fisheries management, to be tackled at a broader cross-sectoral scale. 

Today, we understand ecosystem restoration much less than we understand populations 
rebuilding and our knowledge of the latter is far from perfect, particularly at very 
low abundance levels. However, ecosystem rebuilding becomes more pressing as it 
becomes more evident that single-stock rebuilding is deeply conditioned by processes 
at work within assemblages (e.g. trophic cascades) and their environment (e.g. habitat 
degradation and changing oceanographic conditions) (Hammer et al., 2010; Lee and 
Midani, 2013; ICES and NAFO, 2014).

The task is far from simple but the cost implications in terms of failure to rebuild 
(cf. Section 4.2.2) indicate that a significant effort needs to be made to address these 
questions for any fishery of significant value. Pragmatically, the ecosystem-based 
restoration process will implement the guidance available for single-stock rebuilding, 
adding considerations about multispecies, habitat and climatic considerations as 
“additional” conditioning aspects of the rebuilding strategy. How much gets “added” 
to the recovery planning and investments is likely to depend on how strong the 
evidence is both for the degradation of these ecosystem considerations being caused by 
the fishery (establishing responsibility) and restoration of these additional ecosystem 
factors is necessary to allow the depleted stock(s) to recover or at least for the benefits 
expected form the recovered stock to be realized (return / payoff for investment). 

One central challenge in the transition from a conventional species-based management 
to ecosystem-based management is to consider and achieve ecosystem-level objectives 
(e.g. regarding biodiversity or trophic webs structure) using conventional species-
based approaches. It has been proposed that this might be achieved to some extent by 
changing the reference values used for conventional single-stock management (Worm 
et al., 2009; Gaichas et al., 2012; Pikitch et al., 2014). For example, it has been shown 
that fishing single stocks at a level lower than FMSY would reduce the number of target 
and non-target species that are accidentally collapsed (Worm et al., 2009; Smith at al., 
2011; Pikitch et al., 2014). It has been also stressed, however, that such approaches to 
EBFM may miss many critical aspects of ecosystems.

3.3.2 Ecosystem restoration and Biodiversity Impact Mitigation (BIM)

We consider Ecosystem restoration (ER) as a large-scale cross-sectoral undertaking 
to re-establish the structure and function of ecosystems impacted by non-sustainable 
uses, a task usually covered by the mandate of institutions in charge on environmental 
management at national or regional/global scales (e.g. by the UNGA, UNEP, CBD, 
IUCN or GEF). Ecological Restoration has been defined as the “process of assisting the 
recovery of an ecosystem that has been degraded, damaged or destroyed” (https://www.
ser.org/default.aspx). This definition does not specify any target restoration reference. 
However, SER (2004) specifies that the term “rehabilitation” would be preferable for 
the process and the outcome of reparation of the ecosystem processes, productivity 
and services, while the term “restoration” would be appropriate when the outcome 
includes also the re-establishment of the species and community structures (and 
ecosystem integrity).

In fact, the recovery of a seriously degraded ecosystem to some pristine or specific 
historical ecological state may often be difficult if not impossible (Schrack et al 2012). 
Correspondingly, ER has also been defined more tractably as an attempt to return 
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a damaged ecological system to some improved ecological state that is within some 
[societally] acceptable limits (Falk et al., 2006). With this specification, ER may be 
considered as a significant contribution to the application of the Ecosystem Approach 
in general and to EAF in particular. 

Although ER has been a long-standing concern and practice for centuries, restoration 
ecology emerged as a specific facet of terrestrial and wetland ecology only in late 1990s 
and early 2000s (Palmer et al., 1997; Falk et al, 2006; Jordan and Lubick, 2012) as a 
result of the interaction between general ecological theory and restoration practice. 
Its framework might be of use for fisheries ecological restoration. It would require 
consensus on what constitutes an acceptable state, which as a minimum would include 
providing valuable reliable supply of the ecosystem supporting services (productivity, 
species diversity) and provisioning services (food, livelihoods) lost with the depletion 
of some species by the fisheries.

Key ecological restoration concepts

Most of this section is based on material from the Society for ecological Restoration 
(SER)55 and from McDonald et al., 2016). The ecosystem-independent international 
standards for ecological restoration, applicable to marine ecosystems, would 
conceptually include:

1. The rebuilding target is defined relative to reference norms appropriate for local 
native ecosystems and takes changes in environmental drivers into account56. 
ER intends to place a damaged ecosystem on a trajectory of recovery towards a 
situation in which its species can adapt and evolve (resilience), regardless of the 
time period required to achieve that target. In fisheries, information is usually 
available on early status and trends in target and associated species in the fishing 
grounds. However, less information usually exists regarding habitats and benthos, 
and the trade-offs are often not clear;  

2. Key ecosystem attributes must be identified prior to developing short- and long-
term restoration objectives. In fisheries, the basis to set recover targets is available 
for target species and a few key non-target ones.  For a full EAFM, assemblages 
must be included with attributes related to the food web and key habitats;

3. Natural recovery processes are thought to offer another reliable way to achieve 
recovery. They should be assisted or supplemented when natural recovery 
potential is impaired but can often accelerate natural processes if well designed 
and effectively implemented (Schrack et al., 2012). In fisheries, moratoria would 
represent a “natural” rebuilding approach but only if enforced. Commonly, 
rebuilding measures are supplemented by special measures, e.g. artificial reefs, 
habitat restoration, MPAs, and measures affecting predators, preys or competitors;

4. Full recovery. Restoration seeks ‘highest and best effort’ progression towards full 
recovery and the latter is achieved when all the key attributes of the ecosystem closely 
resemble those of the reference model. To capture deflections off the planned or 
expected recovery trajectory, the recovery process must be monitored. Any lower 
degree of recovery is a partial recovery. Following full recovery, ecosystem maintenance 
is required. In fisheries, the limit reference point is the minimum recovery target for a 

55 https://www.ser.org/default.aspx
56  The use of a reference local systems automatically accounts, in goal setting, for overriding and irreversible 

changes that may have occurred in and around the ecosystem in question and would prevent returning to 
historical conditions anyway.
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single species because it represents a stock size where there is a high likelihood of the 
stock being able to sustain itself if resources are kept within reasonable boundaries. 
In parallel, “ecosystem restoration” must pass the biomass limit reference points as a 
minimum for self-sustainability of the populations, but often must pass other poorly 
quantified limits for ecosystem structural and functional properties. It is not known 
if sustainability of structure and function would even be met at the mMSY level of 
biomass or higher, but this question requires exploration. Additional criteria might be 
required as well for habitats restoration; 

5. Sources of knowledge. Successful restoration draws on all relevant knowledge, e.g. 
best scientific information available and local knowledge, just as any management 
should;

6. Participation. Early, genuine and active engagement with all stakeholders underpins 
long-term restoration success, as does effective fisheries management in general. The 
parallel between ecosystem restoration and fishery resources recovery is obvious. 
Projects that focus on the rebuilding of single species (e.g., overfished target 
species, emblematic protected species) may be of value within a larger ecosystem 
restoration initiative. In ER, projects that focus solely on reinstating some form of 
ecosystem functionality (e.g. recovering some critical habitat) tend to be described 
as rehabilitation. From that angle, most eco-system-based initiatives undertaken in 
fisheries to reduce their ecological impact (e.g. allowing the regrowth of a stock, 
decrease of bycatch impact on protected species, or rehabilitating a critical habitat) 
could probably be considered as elements of rehabilitation initiatives. 

The restoration process is like any other environmental of fishery management process 
and involves target setting, planning (approaches, means, measures), implementation, 
monitoring and evaluation for iterative adaptation in a participative assessment and 
decision set-up. Phases of a restoration process, from degradation to restoration target 
include physical restoration and biological enhancement measures followed by adaptive 
maintenance once the rebuilding target has been reached (Figure 29). In principle, the 
same trajectory and phases could be considered for fishery ecological restoration.

FIGURE 29
Trajectory and phases of an ecological restoration process from a deeply 

degraded situation, figuring the restoration of ecosystem functionality with 
time, through ecological transition regimes, assisted by human intervention 

and natural processes

Barriers, abiotic or biotic are factors impeding restoration to proceed. Modified from McDonald et al. (2016). 
By courtesy of the Society for Ecosystem Restoration. 

Physical alteration:
e.g. artificial reefs

Adaptive maintenanceBiological measures: 
 stock enhancement;  

re-introduction of 
native species; 

Ecological
transition
regime

Fu
nc

ti
on

al
it

y

Time/Ecosystem condition/Role of natural procesess +

+

-

-

Types of human intervention

Reconstruction

Restoration target 

Assisted regeneration Management

A
bi

oti
c 

ba
rr

ie
r

Bi
oti

c 
ba

rr
ie

r



Bio-ecological dimensions 81

The approaches to ecological restoration depend on the level of degradation reached. 
While the principle 3 above privileges natural recovery processes, a broader range of 
restoration approaches could be considered:

•	 Natural, spontaneous. Where damage is relatively low, rebuilding is not urgent, 
or regeneration is highly likely (e.g. du to vicinity of sources of adult biomass or 
larvae for recolonization) the resources may be able to recover when the pressure 
is removed. This is a role sometimes attributed to No-Take Zones, restoring 
populations and communities in areas beyond their boundaries through spill-over 
effects;

•	 Assisted. With intermediate (or even high) level of degradation, it may be necessary 
to stop the impacting activity and actively assist correcting the degradations, 
e.g. rebuilding habitats (rehabilitation of mangroves, replanting corals, building 
artificial reefs; 

•	 Reconstruction. In terrestrial systems, where damage is high, not only do all 
pressure need to be removed but also all or a major proportion of its desirable biota 
may need to be reintroduced to drive recovery of attributes. Possibly necessary in 
some inland fisheries, this approach is needed for levels of degradation not met 
usually in ocean fisheries in which the approach might not be practicable beyond 
very coastal areas.

  
Challenges and frequent failures in implementing these approaches are linked inter alia 
to: (i) ecologically or socially inappropriate planning and implementation; (ii) poorly 
defined goals; (iii) uncertainty stemming from insufficient or inappropriate knowledge 
about ecosystem dynamics; (iv) lack of appropriate effort or implementation  resources; 
(v) excessive expectations regarding recovery time and outcomes; (vi) unacceptable 
cost/benefits ratios; and (vii) excessive (hardly reversible) degradation for which self-
recovery or outright conversion might be the only practical option.

The Biodiversity Impact Mitigation (BIM) strategy

According to the CBD, to be sustainable, the use of biodiversity should maintain and 
restore (or minimize) the impact on ecosystem structure and function (cf. Section 5.2.1). 
This ecosystem management paradigm of conservation institutions is encapsulated in 
the Biodiversity Impact Mitigation57 hierarchy (BIM) largely advocated to conserve 
biodiversity and habitats. (BBOP, 2012a, 2012b; 2013a, 2013b; ten Kate et al., 2004, 
2014b; Madsen et al., 2011; ten Kate and Crowe, 2014; Squires and Garcia, 2018).

BIM has been widely applied in Environmental Impact Assessment (EIA) and is being 
extended to sustainable use of biodiversity. It outlines a strategy, an order of priority 
and a sequence of interventions to be considered by management authorities when 
considering a development project (an economic activity) that will negatively impact 
biodiversity. The strategy develops in 4 steps58 aiming to: (1) Avoid any impact, as 
much as possible, prohibiting the activity or displacing it elsewhere where the impact 
will be nil or much smaller; (2) Reduce, minimize the unavoidable residual impact from 
(1) as much as possible; (3) Restore, rehabilitate biodiversity to correct the residual 

57  The term “mitigation” is used in this document following its Latin meaning ‘‘to make impacts less severe’’ 
and should not be confused with “compensation” as is sometimes the case. In this book, “compensation” 
is one of the ways in which impacts can be mitigated.

58  BBOP (2010) considers 6 steps: (1) Avoid; (2) Reduce, moderate and minimize; (3) Rescue, relocate 
and translocate; (4) Repair, reinstate and restore; (5) Offset; and (6) Compensate. Various authors have 
changed the number of steps (between 3 and 6) regrouping or separating them as convenient for their 
purpose.
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impact from (1) and (2); and (4) Compensate for the final residual impact of the 
process. Offsets have been proposed as market-based instruments, for compensation 
and their use has been very controversial for at least two decades.

The BIM is called a “hierarchy” because the prescribed steps reflect an order of 
priority, a sequence of actions, to be undertaken in that order, without exception, 
during the process of authorization of the activity. In particular, compensation and 
offsets are deemed to be applicable only as measures of last resort when the 3 preceding 
steps have been implemented to the maximum possible and practicable.  

These prescribed types of action, although never presented as a sequence, are also 
foreseen in conventional fishery management, and a fortiori in EAF, to: (1) Avoid 
overfishing of target species, threat on reproduction of non-target species, and impact 
on critical habitats; (2) Reduce these impacts to levels or thresholds prescribed in law 
(e.g. BMSY or Blim); (3) Rebuild resources and habitats when the impact is too high. 
Actions (1) to (3) are undertaken using simultaneously a broad set of instruments (see 
Section 8.2)correction of the impact through rebuilding strategies using a broad set of 
tools (cf. Section 8.2). However, compensation using offsets (off-site and on another 
stock) are, a priori, not allowed in fishery management as all species, target and non-
target must be maintained or restored above threat level (Squires and Garcia, 2018). 

Origin of the sequential hierarchy

As the prescription of the sequence has been controversial and still is in some 
conservation quarters, it is important to remember where it comes from. What follows 
has been drawn mainly from Hough and Robertson (2008) unless mentioned otherwise 
and refer to USA. 

The principles of biodiversity impact mitigation developed from wetlands protection 
following the adoption of the 1972 Ramsar Convention. The legal requirement for 
mitigation of impacts on wetlands –dumping, dredging and filling– emerged in the 1972 
and 1977 amendments to the Federal Water Pollution Control Act (FWPCA), renamed 
the Clean Water Act in its 1977. 

The impact mitigation sequence (avoidance, minimization, reduction, restoration, and 
compensation) is now abundantly referred to and its origin goes back to the 1978 US 
National Environmental Policy Act (NEPA) regulations (§1508.20) which defines 
‘‘Mitigation’’ as including five types of action needed to reduce environmental degradation: 

1. Avoiding the impact altogether by not taking (prohibiting) a certain action or 
parts of an action if a non-impacting alternative is available or if the project would 
jeopardize a threatened or endangered species, or violate requirements imposed 
to protect a marine sanctuary. In practice, “avoidance” was understood as making 
the impact as small as possible … and prevent significant degradation (including 
individual or cumulative impacts to human health and welfare; fish and wildlife; 
ecosystem diversity, productivity and stability; and recreational, aesthetic or 
economic values. However, the but the idea of an unavoidable, residual impact 
was contemplated, as shown in the following requirements;

2. Minimizing impacts by limiting the degree or magnitude of the action and its 
implementation. “Minimization” was understood as making an unavoidable 
[residual] impact [from Step 1] as innocuous as possible. In practice this meant 
that developments would be prohibited unless appropriate and practicable steps 



Bio-ecological dimensions 83

had been taken to minimize potential adverse impacts on the aquatic ecosystem, 
introducing de facto a mandatory sequence; 

3. Reducing or eliminating the residual impact over time by preservation and 
maintenance operations during the life of the action. This intended to avoid 
progressive build-up of cumulative impact with time as the development is 
pursued;

4. Rectifying the residual impact [from steps 2and 3] by repairing, rehabilitating, or 
restoring the affected environment, obviously on-site; and 

5. Compensating for the final residual impact by replacing or providing substitute 
resources or environments. This could be achieved by applying ecological 
restoration measures. It was later established (FWS, 1981) that compensations to 
be considered first should be on-site and in-kind, i.e. applied in the area where the 
residual impact occurs (or very close to it) and of the same nature.  

The 1978 NEPA regulations established clearly (§230.10d) that any action potentially 
impacting the environment is prohibited unless all possible measures have been taken to 
reduce the impact. Hough and Robertson stress that the way in which the five actions 
above were organized in a mandatory three-steps sequential mitigation strategy (avoidance, 
minimization59 and compensation) is unclear but understandable as it is disagreeable to 
many people to assume damage without some attempt at protection first. The Fish and 
Wildlife Service (FWS, 1981: p. 7660) policy stated that ‘‘These means and measures 
[Avoidance, Minimization, Rectification, Reduction and Compensation] are presented 
in the general order and priority in which they should be recommended by Service 
personnel”. In the 1980s, mitigation measures began to be systematically required before 
authorizing developments in coastal wetlands by the National Marine Fisheries Service 
(NMFS), under the Fish and Wildlife Coordination Act and Endangered Species Act.

Through the 1980s, conflicts emerge within the US agencies in charge of environmental 
protection about the mandatory (or purely advisory) nature of the sequence above and 
the role and priority of “compensation”. The concept of compensation for damage 
to biodiversity (wetlands) can be traced back to the 1972 Ramsar Convention (§ 4.2; 
Hrabanski, 2015). The concept, with its preference for compensations provided in-kind 
and on-site (preferably to off-site and out-of-kind) developed in the early 1980s with 
the rise of market-based mitigation instruments (offsets) and green banking (Corps and 
EPA, 1990; Hough and Robertson, 2008; Robertson and Hough, 2011). By the end of 
the 1980s, the mandatory nature of the sequence became more firmly established (Corps 
and EPA, 1990).

No Net Loss

The ultimate goal of the impact mitigation activities is to achieve No Net Loss (NNL) 
or some Net Gain (NG) over the current biodiversity status (see Bull and Brownlie, 
2015). The term is not used in the 1972 Ramsar Convention. The NLL criteria appeared 
as a slogan in the late 1980s and in the USA, following the realization of the staggering 
area of wetlands that had been lost to development. (Hough and Robertson). First 
mentioned in 1985, NNL was indeed recommended as a goal for wetland’s policy 
1987 at the US National Wetlands Policy Forum, embedded in President H. W. Bush 
electoral campaign slogans in 1988-1989, formally agreed as a criteria and goal in 1990 
(Corps and EPA, 1990), together with the step-wise sequence and understanding that 

59 including apparently “reduction” and “restoration” as ways to “minimize”
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each step had to be pursued to the maximum extent appropriate and practicable. It was 
further endorsed by Presidents W. Clinton (1993-2001) and J.W. Bush (in 2002).

In Canada, since 1986, the Policy for the Management of Fishery Habitats of Fisheries 
and Oceans Canada contains “no net loss of productive capacity of fish habitat” 
(including wetlands) as a guiding principle to avoid any further loss efforts of Canadian 
aquatic resources due to habitats loss or damage. The Principle was also adopted in The 
Federal Policy on Wetland Conservation of 1991. 

Introducing the key notion of a ‘‘net’’ accounting of wetlands loss, NNL incentivized 
policies to look at the importance of compensation (and hence of offsets) as an 
important element of impact mitigation (BBOP, 2010; Hrabranski, 2015). 

Extension of the concepts to biodiversity

Just as the creation of UNEP in 1972 after the UNCHE in Stockholm, reflected and raised the 
global concern about environmental degradation, the adoption of the Ramsar Convention 
on wetlands in 1971 and most decisively of the CBD, in 1992, following UNCED in Rio de 
Janeiro, expressed and raised concern about the biodiversity degradation and the risk that 
such degradation represented for development projects and economic development. The 
assessment and management framework provided by the Mitigation Strategy for dealing 
with environmental degradation and risk and projects certification, was rapidly transferred 
to biodiversity, conservation banking, offsets, etc. (BBOP, 2010). In 2002, facing the threat 
of increasing biodiversity loss, CBD COP 6 adopted the 2010 Aichi Targets to achieve “a 
significant reduction of the current rate of biodiversity [and ecosystem services] loss at the 
global, regional and national level as a contribution to poverty alleviation and to the benefit 
of all life on Earth”. The mitigation hierarchy became regarded as a best practice approach 
to managing biodiversity risk (BBOP, 2010) under governmental authority, as part of an 
Environmental Impact Assessment (EIA) or better an Environmental and Social Impact 
Assessment (ESIA), in a Biodiversity Action Plan (BAP, in CBD Art. 6). The elements 
of the BIM and the concept of last-resort compensation and No Net Loss are foreseen in 
the CBD (2006) voluntary guidelines on biodiversity inclusive impact assessment. In the 
Guidelines, the purpose of mitigation in EIA is clearly stated as: to look for ways to achieve 
the project objectives while avoiding negative impacts or reducing them to acceptable levels 
(CBD, 2006: 26).

The 2003 FAO Ecosystem Approach to Fisheries does not include an explicit reference 
to the BIM but the hierarchy is de facto relevant when dealing with non-targets species, 
protected species and habitats for which the CBD is a relevant legal frame.

3.3.3 Ecosystem overfishing and collapse

Ecosystem impacts

As mentioned in the introduction to this main section, fisheries impact the ecosystem 
structure, e.g. target and non-target resources, trophic chains and habitats. Whether 
these impacts result in “ecosystem overfishing” and call for restoration is a central 
question, the response to which implies that: (i) the impact can be measured at 
ecosystem-wide level; (ii) there is agreement on what “ecosystem overfishing” means 
and (iii) the impacts can be reversed.

It has been proposed to measure the level of impact fishing on an ecosystem (its 
“footprint”) in many ways, for example: (i) Exploitation intensity (Bundy et al, 2005); (ii) 
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Species richness (Bundy et al., 2005); (iii) Primary Production Required (PPR) to sustain 
marine catches (Pauly and Christensen, 1995; Swartz et al., 2010) eventually normalized 
to the total primary production available (%PPR) (Tudela et al., 2005); (iv) Mean Trophic 
Level of catches (TLc) describing changes in the trophic levels composition of catches 
possibly related to changes in the ecosystem (Pauly, 1988; Christensen and Walters, 
2004) and/or evolution of fisheries selectivity (Essington et al., 2006); (v) Fishing in 
Balance index (FiB) (Christensen, 2000) combining the TLc of the catch and the Transfer 
Efficiency (TE) of energy flows in the food web to evaluate if exploitations is ecologically 
balanced over time (Libralato et al., 2008; Coll. et al., 2008). 

Referring to the Biodiversity Impact Mitigation (Section 3.3.2) many of the impacts of 
fisheries cannot be avoided if food is to be taken but they should, at least, be reversible 
(FAO, 2003). The impact might also be minimized, and Bundy et al. (2005) proposed 
to do so by exploiting all trophic levels equally an idea extended through the concept 
of “Balanced Harvest” (Garcia et al., 2010, 2012, 2015). 

We have seen above that rebuilding a stock becomes legally, ecologically and socio-
economically pressing when the stock is overfished, dangerously modifying its 
age structure spawning biomass, etc. We have seen also above that ecosystems are 
“transformed” to some extent by fishing. By analogy with populations overfishing, we 
could assume that ecological restoration of fished ecosystems should be required when 
ecosystems have been “overfished”, if that state could be precisely defined.

Ecosystem overfishing

The term “ecosystem overfishing” was coined by Pauly (1988) to refer to changes 
caused by intensive fishing in the trophic chain. Tudela et al. (2005) proposed to 
combine the %PPR (relative amount removed) and the average TLc of the catch (i.e. 
its structure in trophic levels) to assess ecosystem-level sustainability (Figure 30) and 
calculate an Ecosystem Based Maximum Sustainable Catch (EMSC) or ecosystem MSY 
(EMSY), offering a way to define ecosystem overfishing if the norm could be agreed.

FIGURE 30
General theoretical framework for ecosystem overfishing based on %PPR 

(exploitation rate) and TLc (average TL of the total catch)

Redrafted from Tudela et al., 2005
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The analogy with populations overfishing is obvious as overfishing is defined by the 
combination of how much is taken from the stock or ecosystem (the exploitation rate) 
and how it is taken (the fishing pattern). Figure 30  has no scale as there is limited 
understanding and data to define the limits reference curves and their shapes (Tudela et 
al., 2005). However, the figure illustrates that the same TLc may be obtained extracting 
different levels of PPR and vice versa and that some of the combinations may be 
sustainable (in green in the Figure) while other may not (see below and Figure 31 for 
sustainability criteria). 

Using the EBMSY concept for fisheries management would imply, however, the 
identification of an ecosystem-wide reference level established in ecological science 
and/or by law. The only legal norm available for sustainable use of biodiversity, at the 
moment, is the CBD requirement to minimize adverse impact on ecosystem structure 
and function. This requirement indicates a direction for the action, not a quantified 
target or a limit identifying “ecosystem overfishing” beyond which restoration would 
be mandatory or at least advisable. Multiple indicators of ecosystem state have been 
proposed (Cury and Christensen, 2005) as well as frameworks for their selection 
(Rice and Rochet, 2005), and a conceptual approach for setting reference points on 
ecosystem indicators for which functions are documented (Rice, 2009). Candidate 
symptoms of ecosystem overfishing have been suggested (Hall, 1999): (i) reductions in 
diversity; (ii) reductions in aggregate production of exploitable resources; (iii) decline 
in mean trophic level; (iv) increased by-catch; (v) greater variability in abundance of 
species; and (v) greater anthropogenic habitat modification.

If the goal of managing fisheries in an ecosystem were to get the highest aggregate 
economic benefit consistent with other biological objectives, as suggested in Murawski 
(2000), the balance required implies difficult trade-offs. There is no unique metric 
that can describe multi-dimensional ecosystem “overfishing” (but see Worm at 
al., 2009). The multidimensional issue of “overfishing” exists also for populations 
overfishing when all dimensions of sustainability are considered. For want of a simple 
encompassing definition, Murawski (2000) proposed the following interconnected six 
criteria (see below) to measure the cumulative effects of the different evolutions of 
fisheries in an ecosystem: 

1. Excessive biomass depletion. Biomasses of one or more important species 
assemblages or components fall below minimum biologically acceptable limits, 
such that (a) recruitment prospects are significantly impaired, (b) rebuilding times 
to levels allowing catches near MSY are lengthened, (c) prospects for recovery are 
reduced because of [modified] species interactions, or (d) any species is threatened 
with local or biological extinction;

2. Reduced diversity. Diversity of communities or populations may decline 
significantly as a result of sequential ‘‘fishing-down’’ of stocks, selective harvesting 
of ecosystem components, or other factors associated with harvest rates or species 
selection; 

3. Increased variability. The pattern of species selection and harvest rates leads to 
greater year-to-year variation in populations or catches than would result from 
lower cumulative harvest rates; 

4. Reduced resilience. Changes in species composition or population demographics 
as a result of fishing significantly decrease the resilience or resistance of the 
ecosystem to perturbations arising from non-biological factors; 
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5. Loss of ecosystem services. The pattern of harvest rates among interacting species 
results in lower cumulative net economic or social benefits than would result 
from a less intense overall fishing pattern or alternative species selection. Loss in 
aggregate production;

6. Threats to vulnerable species. Harvests of prey species or direct mortalities 
resulting from fishing operations impair the long-term viability of ecologically 
important, non-resource species (e.g., marine mammals, turtles, seabirds);

7. Habitat degradation. The impact on critical habitats and mainly living habitats 
would need to be added to Murawski’s six points above, e.g. impact of fisheries on 
tropical coral reefs, sea-grass bed and algal beds, deep-sea cold coral and sponge 
reefs, etc. 

However, defining the level in these indicators (individually and jointly) beyond 
which a fished ecosystem could be declared overfished, is not an easy matter, given 
how little is quantified about the functional relationships between the amounts of 
specific ecosystem properties and the integrity of ecosystem structure and function. 
Murawski indicates, however that ecosystems can be considered overfished when 
cumulative impacts of catches… non-harvest mortality, and habitat degradation result 
in one or more of the [above] conditions, establishing de facto an extremely conservative 
framework that has been used by Libralato et al. (2008) and Coll et al. (2008) (see 
below).

These criteria are logical but qualitative and without any agreed quantitative reference 
values. Murawski recognizes that it would be difficult to conclude that an ecosystem 
was being overfished just because for a few species are exploited above their optimum 
fishing mortality. More generally, if violating any one of these criteria would be sufficient 
to ascertain that an ecosystem is “overfished”, most if not all fished ecosystems today 
would have to be considered as such, a conclusion reached by Coll, et al. (2008) because 
of the value at which they set the “ecosystem overfishing” (see below).

Having a single ecological index would simplify the operational management tasks, 
although the effectiveness of such an approach would hinge completely on the 
sensitivity and specificity of the index (Rice and Rochet, 2005). 
 
Libralato et al. (2008) and Coll et al. (2008) proposed a way to calculate the state of the 
ecosystem in relation to fishing through a single index: the total primary production 
exported from the ecosystem in the form of catches and hence withdrawn from the 
marine food chain. This quantity, labelled as a “loss” of secondary production, is 
summed over all fisheries and trophic levels. Calculated relative to the total primary 
production of the ecosystem, this relative export is a sort of ecosystem rate of depletion, 
conceptually similar to a rate of exploitation of a single population (Libralato, Pers. 
Com.). Ecosystems showing equal relative “loss” would be considered equally affected 
by fishing even if subjected to different types of fishing regimes and impacts as all 
catches are expressed in comparable primary production units. The authors suggest that 
the “risk of ecosystem overfishing”, i.e. the probability (Psust) that a given ecosystem 
exploitation, might be sustainable60, could be obtained using the relation between the 
“loss” calculated in 51 well known LMEs and their state (i.e. “sustainably fished” or 
“overfished”) a priori determined using Murawski’s criteria above (Figure 31).

60  With “sustainability” defined as the capacity to maintain ecosystem trophic structure
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The approach proposed requires still broader consideration by the scientific and 
managers’ communities before being considered for implementation, but it helps 
flagging some key questions in relation to ecosystem overfishing and its detection, as 
well as ecological restoration:

1. The EMSY reference risk: the results obtained depend to a great extent on the 
probability selected as “sustainability” reference, arbitrarily fixed at 75 percent in 
the figure. On the one hand, obviously, a 50 percent probability to be sustainable 
(equivalent to flipping a coin) would not be very reasonable as a sustainability 
reference target and higher figures make sense. On the other hand, the sustainability 
probabilities corresponding to the various “loss” levels appear as very low for 
much of the ecosystems considered, possibly because meeting only one of the six 
criteria proposed by Murawski is enough to declare an ecosystem “overfished” 
so that most ecosystems are de facto and a priori declared overfished, leading to 
question 2;

2. The ecosystem overfishing criteria. In line with Murawski (2000) the authors 
considered that it was enough, for any ecosystem, to meet one of the six criteria of 
ecosystem overfishing above to classify an ecosystem as “overfished”. This may 
be seen as a drastic interpretation of the need to maintain structure and function. 
How does the risk of critical ecosystem loss of function (and reversibility) connects 
with the number of criteria met? And what is the level of risk would be considered 
acceptable, and why? On the one hand, determining arbitrarily that one criteria 
is enough creates a very “unforgiving” norm. On the other hand, if no species 
should suffer any adverse impact in relation to the six criteria, then the formal 
“sustainability” of any ecosystem –which may have little to do with its capacity 
to deliver abundant catches in the long-term- can only be very limited, and only 
very limited ecosystem-wide “exploitation rates” would be “sustainable”;

FIGURE 31
Relation between the probability of an ecosystem being sustainably fished 

(Psust) and the relative primary production exported as catches

On this graph, a Psust below that considered as “sustainable” (fixed at 75 percent on this figure as an 
example) would be considered as indicating ecosystem overfishing and the large majority of the ecosystems 
examined by the authors would appear overfished. Modified from Coll et al. (2008).
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3. Multiple optimal patterns. As illustrated in Figure 30, the sustainability of a 
fished ecosystem and the maximum sustainable catch (EMSC) it could produce 
can be obtained in a number of ways, acting on two “cursors: (i) The exploitation 
rate (the PPR) and (ii) the species composition. The dilemma is the same as the 
one met for single stocks at a much higher level of complexity. Conceptually, the 
“magic” fishing pattern would be the one that would distribute on each species 
in the ecosystem a fishing pressure commensurate to its natural production rate. 
This pattern has been coined as Balanced Harvest (Garcia et al, 2010, 2012, 2015) 
but the ball is still out as to its practical implementation and costs/benefit ratio.

Ecosystem collapse?

The concern about the risk of ecosystem collapse is rather recent. A fundamental book 
on ecology (e.g. Odum, 1971) does not seem to refer to it. Paraphrasing Rockström 
(2015, 2017) when referring to environmental events, we could say that “ecosystem 
collapses” are catastrophes involving thresholds beyond which there will be rapid 
transitions to new states that are very much less favourable to human existence than 
current states. The associated notion is that humanity’s ‘business as usual’ can only 
continue so long as it remains within some ‘safe operating space’. 

Would it be possible, by analogy with populations collapse (cf. Section 2.2), to conceive 
an ecosystem collapse because of excessive fishing? This catastrophic event would 
require a drastic, possibly permanent structural change, with significant biodiversity 
change and possibly loss (including extensive extinction of populations and species), 
possibly reductions in carrying capacity and, from a human point of view, in the 
production of ecological services. For fisheries, the main concern would be a significant 
reduction in the capacity to produce food. 

The concept, of “planetary boundaries” to human development proposed by 
Rockström and advocated by WWF (2016) stress the risk of global ecosystem collapse 
beyond some “tipping Points” which determine a “safe operating space” for human 
development. Both concepts have been criticized (e.g. in Montoya et al., 2017 and by 
Professor S.L. Pimm, Duke University, in Braun, 2017), as scientifically implausible, 
based on arbitrary defined thresholds, and leading to dangerously confident policies. 
We do not intend to enter here in the controversy but note that while expressing 
doubts about the plausibility of very large-scale ecosystem collapse occurring at 
predictable thresholds, the critiques recognize that models of single populations and 
local communities can show thresholds, but these neither deal with extinction rates nor 
global processes (Montoya et al., 2017:1).

The issue is can only be considered by policies and management plans if (i) the 
likelihood of this happening is confirmed, (ii) thresholds may be determined for 
variables that can be monitored and at which (iii) specific actions may be taken to avert 
the risk to fall into hardly reversible situations.

Conceptually, a fished ecosystem collapse would be possible if biodiversity was reduced 
to the point where functional redundancy (Rice et al., 2013) becomes insufficient to 
maintain ecosystem resilience and main functions. Deforestation, agriculture, flooded 
valleys, drained wetland and polluted or filled lagoons and dead zones (suffering from 
eutrophication and oxygen depletion) are examples of drastic conversions leading 
to “forced” collapse of the original ecosystem. Fisheries, however, intend to use the 
ecosystem in the long-term and their survival is tightly linked to the conservation of 
ecosystem productivity. They may not have been yet responsible for species extinction 
but have provoked the collapse and extinction of many localised populations (cf. 
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Section 2.2), we should consider whether, beyond these aspects, they might threaten 
productive local ecosystems even though they might only modify some aspects of the 
larger ones to which they belong. 

We have seen that intensive selective fisheries modify the ecosystem structure, in terms 
of relative abundance between species and trophic levels – hence energy flows within 
them– as well as habitats. However, such ecosystems have continued to produce fish 
and food for decades and centuries under growing fishing pressure. While many stocks 
collapses have been described (see Section 2.2), collapses of entire species assemblages 
or ecosystems have not been reported yet to our knowledge. One can argue that 
ecosystems used by fisheries have been transformed in different places, to an extend 
depending on the nature of the ecosystem and the intensity of fishing, but they have not 
“collapsed”, unless environmental conditions have been drastically changed by other 
human activities, as in the Aral Sea (by river diversion) or the Zuiderzee (by damming 
and draining).  Pitcher and Pauly (1998) referred to a progressive simplification61 of 
ecosystems in favour of smaller, high-turnover, lower trophic level fish species adapted 
to withstand disturbance and habitat degradation. 

In the marine domain, there is little claim of ecological collapse. Myers and Worm 
(2003) reported that, globally, fisheries had reduced the biomass of fish communities 
by 80 percent in 15 years, residual biomass in 2003 was between 5 and 24 percent 
(average 10%) of pre-exploitation levels, and initial compensatory growth of faster 
growing species had been reversed within a decade or less. The authors asserted 
that their analysis demonstrated a high risk of progressive “ecosystem collapse”. The 
analysis and conclusions were challenged by many authors, who stressed the absence 
of such “collapses” in tuna fisheries ecosystems, despite removal of 50 million tonnes 
of large pelagic fish since 1950 (Hampton et al, 2003; Hampton, 2006; Sibert et al. 
2006). More recently, Kolding et al (2016) showed the relative levels of distortion to the 
species composition -resulting (presumably) from fisheries in numerous large marine 
ecosystems across the world but no case of functional collapse. 

Cases of near-simultaneous depletion of many fishery resources are known, such as 
the collapse of the Canadian cod and of many demersal fish resources in the 1990s 
in the North-eastern American shelf.  In that case, biological collapses led to socio-
economic collapses of coastal fishing communities, but the natural and human sub-
systems demonstrated capacity to adapt and rebound (resilience) when appropriate 
conditions occurred (Finlayson, 1994; Kurlansky, 1997; Frank et al., 2011; Rice, 2018). 
Thurstan and Roberts (2010) described the ecosystem meltdown in two centuries of the 
Firth of Clyde, in Scotland, where practically all resources but two (Norway lobster 
and scallops) and specialized fisheries have sequentially collapsed under competition, 
technological development pressure and mismanagement. However, after two centuries 
of extensive changes in this area, a “recovery” of the human system could be unlikely 
for many reasons other than the depletion of the fish stocks, and even “recovery” of the 
fish community would be under conditions very different from two centuries earlier, 
so resilience would be hard to assess. 

Based on the limited empirical evidence and initial efforts by ecosystem modelers to 
look for limits to perturbations of ecosystem structure and function beyond which real 

61 The term “simplification” might not always be appropriate as high-turnover degraded systems 
dominated by short-lived communities might be more unpredictable and difficult to manage than the 
original ones.
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collapses might be expected, the following might be expected (based on E. Fulton, Pers. 
Com., April 2017, in italic):

1. As the relation between ecosystem structure and function is not well established, 
maintaining ecosystem functional diversity and structure may be treated 
separately. Maintaining functional diversity [at species assemblage level]62 is more 
fundamental for fisheries (and probably for society’s survival) than maintaining 
structure. However, it is much easier to monitor structure than function, at 
least in fish assemblages and habitats, and it is likely that a loss of structural 
diversity would be obvious before functional loss would be demonstrated. The 
management questions would be: (i) Could it be demonstrated that maintaining 
the “fish” resource structure will maintain its function (e.g. production)? (ii) To 
what extent can this structure be modified before essential functions are lost? 

2. There are non-recovery points, i.e. hysteresis [slower and delayed response to 
rebuilding] does exist in exploited ecosystems with multispecies fisheries. As 
exploitation intensifies, [and species composition is affected] a broad plateau in 
the capacity to deliver functions is observed before a sudden drop in provisioning 
and other services. Once this point is reached, rebuilding is very difficult;

3. There are some early indicators of ecosystem collapse (e.g. increased abundance 
of jellyfish and increased variability/shifts in biomass and catch composition in 
scientific surveys and/or catch), but these appear to be system specific and it is too 
early to see general rules. 

This preliminary consideration of ecosystem collapse focused on examining possible 
parallels between major reductions in ecosystems or large suites of interacting fish 
species and major reductions in single species or stocks, with regard to, e.g.: (i) loss of 
roles in ecosystem structure and function; (ii) loss of restoration likelihood if fishing 
pressure were removed; and (iii) loss of “control” of the flow of energy in the system.  
It has not addressed depensation although, as argued in Section 3.1.3, depensation is 
one of the greatest concerns in single-stock collapses, and retrospectively, one of the 
strongest indications that a tipping point has been passed.

Fisheries impacts on the bottom and the benthos and living by gears with heavy 
contact with the bottom such as trawls, need to be given more attention (Jennings 
and Kaiser, 1998; Young and Glaister, 1993; Pitcher and Pauly, 1998). Their potential 
contribution to depletion and rebuilding is not well known. The impact may 
be consequential on maintenance of some benthos-feeding demersal species. In 
temperate and deep-water areas, they have been shown to be substantial (Thrush 
and Dayton 2002; Heath and Speirs 2012) and Ditchmond et al. (2013) have shown 
that the impacts ranged from insignificant to very important. Collie et al. (2000) 
showed that bottom fishing, on average removed half of the bottom populations but 
impact and recovery rates depended on gear (e.g. types of dredges and trawls) and 
type of habitat (stable mud, gravel, or biogenic habitats). Dredges impacted more 
than trawls. Consolidated sediments were more impacted than less consolidated 
ones. Recovery rates appear faster in less consolidated sediments inhabited by more 
opportunistic species but if fished more than 3 times a year even the latter will likely 
remain permanently altered. 

62  At higher level, we note that Montoya et al. (2017) stress the fact that problems of definition apart, 
reliable estimates for anything resembling functional diversity is impossible to obtain at regional to 
global scales.
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Despite some controversy (see Loreau, 2004), it is generally agreed that functional 
redundancy does enhance ecosystem resilience (e.g. Walker, 1992; Lawton and 
Brown, 1993; Naeem, 1998; Micheli and Halpern, 2005; Rice et al., 2013). How 
much impact fishing has on redundancy in the marine ecosystem is not known and 
we do not know either how much redundancy loss must occur before an ecosystem 
collapses. 

In fact, the emerging evidence of hysteresis (above) means that there might be important 
dissimilarities in the dynamics of the species interactions, between the depletion and 
rebuilding processes that would point to a high risk of depensation at ecosystem level 
beyond some critical point of degradation of the species composition (and of critical 
habitats). More modelling and analyses of cases of presumptive ecosystem collapse 
might benefit from looking for potential depensatory mechanism and associated 
tipping points. If found, they would present a sound basis for identifying ecosystem 
limits, as they do in single species dynamics.

Meanwhile, if history is of any use for fisheries management, the risk of occurrence 
of a large-scale ecosystem collapse because of over-developed fisheries seems remote, 
particularly in highly diverse species communities. The most prudent way to limit 
the risk of hardly reversible impacts on ecosystems is probably to maintain as much 
as possible the structure of the species assemblage and trophic chain, and to limit the 
impact on critical habitats at thresholds informed by historical data. 

Ecological restoration issues in fisheries

Ecosystem restoration science emerged apparently only in the 1980s, on land (Jordan 
and Lubick, 2012; Young et al., 2005; Collie et al., 2008). It intends to stop and 
reverse degradation, rebuild ecosystem structure and function, and re-establish its 
sustainability, e.g. through rehabilitation of habitats, re-introduction of native species, 
elimination of invasive species, clearing streams, etc.  Fisheries commonly benefit from 
ecosystem restoration e.g. through rehabilitation of spawning or nursery grounds. 
Today, with the endorsement of the broader Ecosystem Approach to biodiversity 
conservation (UNEP/CBD, 1998) and in fisheries (FAO, 2003), ecological restoration 
is getting momentum, particularly in advanced nations, even if mainly through impact 
reduction and mitigation. The fisheries perspective is progressively (and slowly) 
broadening from the rebuilding of single stocks to rebuilding of species assemblages, 
accounting for species interactions, better protecting critical habitats and vulnerable 
stages of the life cycle. It is also being realized more fully that human and naturals 
systems interact, co-evolve and should be managed as social-ecological systems (Berkes 
and Folke, 1998; Ostrom, 2009) with implications that are only emerging from the 
available theory.

Many other human factors are responsible for degradation of ecosystems used by 
fisheries, e.g.: land-based pollution and contamination; water flows diversion; sediment 
mobilization; urban and economic coastal development and related degradation; oil 
and gas industries; ocean mining; and climate change (including sea-level rise, coral 
bleaching and acidification). These factors reflect the fact that many other economic 
activities, many of them more politically and financially powerful, compete with fisheries 
for coastal and ocean space to generate wealth (and degradations) while contributing to 
wellbeing. Altogether, these activities have contributed very substantially to the marine 
ecosystem degradation and may have modified beyond repair the biological potential 
of fisheries to rebuild to historical abundance levels. 
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Nonetheless, fisheries should, at their level, contribute to the Biodiversity Impact 
Mitigation efforts and avoid, minimize, restore, and eventually compensate (when 
possible), its own impacts on populations, habitats, and ecosystem structure and 
function. This is especially the case since well-managed fisheries should neither 
significantly degrade marine habitats nor excessively deplete populations (whether 
target or not-target), whereas some other uses of marine systems that contribute 
importantly to human well-being may be impossible to conduct without irreversible 
impacts on habitats or at least local populations, and environmental legislation 
commonly require them to apply the full mitigation hierarchy in their work.  

Restoration of whole ecosystems can only be achieved if all major cross-sectoral 
interactions and impacts are accounted for, and is therefore not an exclusive mandate 
for fisheries agencies. However, a narrower EAF-based restoration would need to 
account for, at least, interactions between fisheries, between species (predation-prey 
relations) and environmental changes, including inter-annual oscillations, critical 
habitat degradation and climate change.

The challenge has not been ignored in fisheries, though, and has been addressed from 
two angles: (1) the impact of stock rebuilding on the wider array of multispecies 
communities; and (2) the constraints imposed on stock rebuilding by the fish community, 
predator-prey relationships, and in some cases the oceanographic conditions. These 
studies do not yet address directly the issue of restoring whole species communities 
(Collie et al, 2013). The restoration of biodiversity that occurs in marine reserves after 
exclusion of fisheries, rebuilding biomass, abundance, diversity, habitats, etc. has been 
abundantly described. However, the outcomes of such reserves and the impacts they 
have outside their boundaries (referred to as spill-over) depend on conditions before 
the creation of the reserve, the species concerned, the enforcement of the reserve and 
the quality of fishery management (and often of other sectors) outside the reserve 
(Hilborn et al., 2004; Garcia et al., 2013). 

Scientific issues

Fisheries research and management have progressively integrated ecosystem 
considerations in operational fisheries management in a protracted historical process. 
The ecological elements that need to be integrated when designing an EAF rebuilding 
strategy for species and assemblages include: (1) technical interactions (by-catch) 
between fleets with overlapping fishing profiles; (2) biological interactions, including 
predation and density dependence; (3) the impacts of abiotic factors (e.g. climate) on 
species and fisheries; (4) spatial processes and structures (patchiness) i.e. the geographic 
range of stocks and fisheries, and patterns of density and catchability; subpopulations 
and metapopulations); (5) the state of the habitats:  and (6) time dynamics, e.g. the 
variability at seasonal, annual, decadal and multi-decadal scales.

Some of the issues that have emerged in the restoration process at ecosystem level are: 
(i) the modelling framework (Plaganyi, 2007); (ii) the eco-physiological constraints to 
restoration; (iii) the existence of metapopulations; (iv) food-web considerations; (v) 
multiple states, oscillations and other shifts in productivity and resilience at decadal 
and multidecadal scales (Klyashtorin, 1998, 2001; Schwartzlose et al., 1999; Beaugrand, 
2005; Alheit et al., 2014a, 2014b); (iv) non-linearities in processes that may cause 
depensation and hysteresis; (v the role of marine reserves and other spatial (in contrast 
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to population and community); measures and (vii) effect of climate change (Genner et 
al. 2004, Collie et al., 2008). Many scientific questions have emerged, e.g.: 

•	 Biodiversity and ecosystem functions: Can a single restoration site maximize 
species richness, ecosystem functions and factors of concern to fisheries (such as 
MSY and MEY) on a community scale? Issues relate to: Relationship between 
diversity and stability; functional diversity; functional equivalence; redundancy; 
interface between community and ecosystem ecology; ecological insurance and 
ecosystem reliability;

•	 Modelling and simulations: How predictable are restoration outcomes? Issues relate 
to stochastic influences on deterministic processes, non-linearities particularly 
at low levels of key populations, uncertainty, natural range of variability, spatial 
interactions, heuristic and simulation models, multivariate statistics; 

•	 Research design: Can we design rebuilding experiments? If not, can we find 
“experiments” of opportunity? Replication, power analysis, sample size, general 
statistical framework, time series and repeated measures, chronological sequence 
analysis, multivariate characterization, estimating effect size, BACI design, 
development of appropriate Null Hypotheses for inherently dynamic systems; 
tolerance for Type I and Type II errors (which often translate into management 
misses or false alarms (see Section 7.5.2);

•	 Impact of the context: Large-scale ecological processes, species and population 
migrations over time and space, ecosystem size and community diversity/
structure, cross-system fluxes; climate change (could it be predicted? Integrated?); 
Socio-economic contexts into which the necessary measures (constraints on 
harvests and livelihoods, requirements for funding for both active interventions 
and monitoring). 

Restoring degraded habitats may be particularly challenging. Some basic guidance can 
be taken from the evidence that: (i) coarse, soft, and mobile sediments will probably 
recover faster than hard bottoms; (ii) closed areas (or gear restriction) are probably the 
most practical ways of restoring benthic populations, particularly sedentary ones; and 
(iii) active restoration of seafloor vegetation often facilitates recovery of populations 
which use such vegetation in one of more if their life history stages. What is not clear, 
however, is the impact of benthos degradation on fish productivity, although there 
is some evidence that some fish species require special habitat features (especially 
emergent vegetation) and some scavengers may be favoured by disrupted benthos.

3.4 TAKE-HOME MESSAGES 

The literature on depletion and rebuilding is heavily “imprinted” by their origin in the 
natural resources framework used in fishery science and management. The models used 
to represent the system during the last 70 years have shape the terminology and more 
importantly the conceptual frames within which fisheries assessment and management 
are designed and implemented, including for rebuilding.

The surplus production models (SPMs) or stock-based models have been the 
foundation of stock-assessment and management for decades with the advantages and 
inconveniencies of simplification and reductionism. They helped crystallize available 
understanding on populations productivity and response to fishing, offering a simple 
way to determine a maximum sustainable yield and define overfishing. Useful when 
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considering the regulation of inputs (effort) and output (catch), they have also rapidly 
led to realization of the problems raised by inter-annual climate-driven variations and 
oscillations and illustrated the problem of partial reversibility of depletion trajectories 
in rebuilding processes. 

The Yield-per-Recruit (YPR) models, also rather simple and reductionists, were 
conceived at about the same time and provided a more flexible way of representing 
stock production under fishing pressure, underlining the importance of the fishing 
pattern (distribution of fishing mortality on ages) in addition to fishing pressure, 
on the performance of the fishery and stock rebuilding. They opened the way to 
rationalization and mathematical testing of more sophisticated sets of management 
measures including distribution of mortality on ages and in space and time. They 
involuntarily also led to relegating climatic effects to the back-burner. They offer a 
simple way to predict rebuilding effort outcomes when climatic and stock-recruitment 
relationships are neglected. At high fishing mortality level, however, when depletion 
and rebuilding are considered, this neglect may be tragically misleading. 

The stock-recruitment relationship (SSR) models offer a conceptual bridge between 
YPR models and SPMs as the combination of YPR and SRR models generate analytical 
production models offering a lot more flexibility and richness than original SPMs for 
the study of depletion and rebuilding trajectories, through computer simulations, 
for example for Management (and rebuilding) Strategies Evaluation (MSE) (Section 
7.5.6). The use of SRRs which only account for stock and recruitment data, has 
focused attention on the impact of climatic conditions (stochastic and oscillatory) on 
reproduction and on the possible existence (and effects) of depensation at low stock 
abundance.

The Fishery Development Model (FDM) is directly at the origin of the terminology 
used today to define stages of development of a fishery (undeveloped, developing, 
mature or fully developed, overfishing or senescent, and economically collapsed) 
and the related state of the stocks they exploit (e.g. underexploited, fully exploited, 
overfished, depleted, collapsed, rebuilding. Useful to track the evolution of the fishery 
system, they do not provide unambiguous inferences on the state of underlying stocks.
 
The more recent focus of fishery science on multispecies assemblages and their 
modelling has opened the way to consider, with obvious difficulties, the impact of 
interactions between species (particularly predator-prey relationships) and between 
fleets (bycatch issues) on stocks and fisheries assessments. These issues led to important 
questions regarding the maximum sustainable yield of multispecies assemblages 
(mMSY, usually lower than the sum of individual stocks MSYs), and the perspective 
of producing food while having to maintain species composition (as a key ecosystem 
structure). The multispecies issues have serious potential for conditioning the difficulty, 
success or failure of stocks and assemblages rebuilding strategies. The development of 
a multispecies awareness paralleled the development of concerns for fisheries collateral 
impact on charismatic or threatened species opening avenues for considering the needs 
of these species for their own rebuilding and the impacts of these needs on conventional 
fishery stocks depletion and rebuilding. The complex models developed to study 
multispecies considerations have helped flagging issues such as the relation between the 
assemblage structure and production, the optimal distribution of fishing pressure on 
species assemblages (and trophic chains), the rebuilding of depleted assemblages, and 
the related depensation-like phenomena and hysteresis in their rebuilding trajectories. 
Ecological considerations affect the reflection on fisheries rebuilding in two areas: (i) 
the impacts of fishing on ecosystem services to fisheries, the broader society and on 
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the rebuilding process itself; and (2) the effects of the broader ecosystem on fisheries, 
blurring or aggravating their impact, and possibly hampering or facilitating rebuilding. 
The first area starts being better known and is closely connected with multispecies 
considerations (see above) and habitats degradation. The second relates to climatic 
inter-annual variations (natural oscillations and climate change). 

Ecosystem awareness has arisen rapidly in fisheries from the early 1970s, following 
UNCED and the successive United Nations cross-sectoral summits. The adoption of 
the CBD in 1992 is a legal milestone for biodiversity conservation and its requirement 
for sustainable use to maintain ecosystem structure and function has called for a general 
broadening of the scope of economic activities responsibilities and management. 
The adoption of the Ecosystem Approach to Fisheries in FAI, in 2001, is a formal 
international milestone and provided the framework for mainstreaming ecosystem 
concerns in fisheries. The idea to avoid, reduce and mitigate the collateral impact 
of fisheries on ecosystems (e.g. using the Biodiversity Impact Mitigation hierarchy) 
and hence on fisheries themselves is progressively operationalized. Impacts on the 
trophic chain and critical habitats are the forerunners. The idea of integrating fisheries 
management (and hence rebuilding plans) in integrated space-based management 
frames (e.g. ICAM, MSP) is also slowly growing but remains generally far from 
being operational.  The principles of ecological restoration are similar to fisheries 
rebuilding: determination of rebuilding limits and targets references connected to key 
ecosystem attributes, partial and full recovery, multiple sources of knowledge, people’s 
participation. No single metric exists to define ecosystem-wide maximum sustainable 
yield (eMSY), ecosystem overfishing, although some criteria have been proposed. Both 
depends significantly on societal decisions about the desirable ecosystem composition 
and services. The role of fisheries ecological restoration, trophic chains and critical 
habitats as well as ecological instruments as MPAs, on fisheries rebuilding and 
ecological restoration need further research and international agreement.  
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4. Human dimensions

While the multi-dimensional reality of human wellbeing – and of fishery objectives 
(Lawson 1984) – is well established, this is not always explicit in fisheries and biodiversity 
conservation objectives (Garcia et al., 2014). Fisheries are social-ecological systems 
and the fate of their natural and human components are strongly interconnected. The 
expression “human dimensions” has been used to refer to the social, economic and 
institutional dimensions of fisheries to counter-balance the traditional emphasis on 
bio-ecological and environmental dimensions (e.g. in De Young et al., 2008; Charles, 
2014). Human dimensions are implicit in many of the discussions to this point in the 
document, but in this section of the document, the focus is squarely on the human 
dimensions of rebuilding and restoration. 

In this Chapter, the nature of human dimensions is first outlined (Section 4.1), then 
economic and social considerations are explored respectively in Sections 4.2 and 4.3. 
Institutional aspects and governance, will be treated in more detail in Chapter 5. Of 
course, it is recognized that there are strong linkages among these three interconnected 
dimensions of the human sub-system. 

4.1 INTRODUCTION TO HUMAN DIMENSIONS OF FISHERY REBUILDING

The human dimensions of fisheries rebuilding, and the principles and good practices 
needed to take them into account, are not very different from those advocated for 
fisheries management in general, of for the Ecosystem Approach to Fisheries (De 
Young et al., 2008), the implementation of MPAs in and around fisheries (Garcia et 
al., 2013; Charles et al., 2016; 2016a; Westlund et al, 2017) and even in conservation in 
general (Woodhouse et al., 2015). 

A consolidated human point of view of fisheries rebuilding is very important, in our 
view, for many reasons: (1) fisheries represent a very important human activity and, 
within the fishery social-ecological system, humans, resources and the environment 
co-evolve in close interaction; (2) humans are both the origin and the solution to the 
overfishing problem; (3) the most extensively examined dimension of rebuilding, up 
to now, has been the narrow bio-ecological one; (4) the purely economic (financial, 
monetary) dimension is rapidly getting traction with the globalization of the liberal 
economic paradigm and ‘solutions’ that link the  ecological and economic dimensions 
are emerging, with a risk of “forgetting” the social pillar; (5) in democratic systems, 
rebuilding strategies –including the ‘solutions’ mentioned in (4)– can only be successful 
if the humans involved agree with their objectives and collaborate fully in their 
implementation. In addition, an integrated human dimensions approach is in keeping 
with the nature of sustainable development generally, and specifically of the Sustainable 
Development Goals (United Nations, 2016a). 

The distribution of economic and social costs and benefits among stakeholders and 
across time is essential. An important issue, however, is that the costs usually attributed 
to the rebuilding process (short-term economic stress, loss of employment and 
livelihoods, etc.) are in fact the cost of overfishing without which rebuilding would not 
be necessary. However, for the fishers’ concerned and the impact on their lives, it does 
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not make much difference. The parties to “blame” will generally be the actors’ short-
term preferences, the State’s inadequate governance, and often the climate vagaries. 

Social and economic dimensions explain a great deal of the difficulty in managing fisheries 
and specifically of rebuilding them. Conflicts between competing interest groups and 
organizations, economic factors related to vested interests, balancing short term interests, 
different attitudes towards risk, the inherent value of fishing as a livelihood and as a 
way of life, the social and cultural importance of fish and fishing communities, and the 
corresponding political and electoral implications contribute to these difficulties in most 
fisheries. For those fisheries that are depleted or collapsed, and those in a rebuilding 
context, human dimensions tend to be especially exacerbated, even to the point of 
creating serious crises, as will be discussed below. However, empirically determining 
the impacts of rebuilding strategies on human wellbeing is complicated by the fact that 
the interventions happen in the context of complex dynamic processes occurring at 
multiple scales. The analyses are complicated as well by the lack of data, requiring a mix 
of qualitative and quantitative methods. Trade-offs exist between human and ecological 
wellbeing but also between different elements of human wellbeing itself. 

Present benefits from fisheries

To understand the human dimensions of rebuilding a depleted or collapsed fishery, it is 
crucial to first understand the range of benefits produced by fisheries generally. Indeed, 
fisheries contribute to human wellbeing in many ways, e.g. in terms of production, 
food supply, employment and livelihoods, recreation, etc. This array of benefits being 
presently drawn from fisheries potentially might be eroded by further overfishing, and 
enhanced (or decreased) by rebuilding, depending on the strategies adopted.  It helps to 
reflect on two central questions to be raised in any rebuilding programme: To rebuild 
what? For whom?

The production of world marine fisheries has stagnated around 80 million tonnes for 
the last decade, with small oscillations (FAO, 2016). This production is underestimated 
because part of the landings originating in IUU fishing might not be reported 
anywhere. This also does not account for discards the amount of which was around 7 
million tonnes in the 2000s (Kelleher, 2005). About 78 percent of the production goes 
through international trade, 37 percent of which originates in the developing world 
which exported 80 billion US$ of fishery products in 2014 for a net value to their 
economy of USD 46 billion (FAO, 2016). The world economic activity in the value 
chain amounted to USD 500 billion in 2010 (FAO, 2010).

The food supply of fisheries in terms of proteins and nutritional balance is essential. 
About three quarters of the world landings are used for human consumption. Total 
food supplies from fisheries have outpaced population growth, rising at 3.2 percent per 
year since the early 1960s increasing per capita supply from less than 10kg in the early 
1960s to about 20 kg in 2015. Fish provide more than 20 percent of the animal protein 
consumed by 2.6 billion people in developing countries (up to 50 percent for some 
nations and coastal areas) and brings important micronutrients, fatty acids and minerals. 
With global production having stagnated around 80 million tonnes, even as the world 
population continues to grow, and with about 20 million tonnes of that going to fish 
reduction in fishmeal and fish oils, the current contribution of marine capture fisheries to 
food security was about 8.2 kg per capita in 2014, not counting the indirect contribution 
through mariculture. The contribution might improve marginally if predator-prey 
relationships within a global rebuilding process yield a net increase in production. 
Without accessing unconventional resources such as plankton, mesopelagic fish or ocean 
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squids, the potential of which is huge (Gulland, 1971; Sethi et al., 2010), the situation is 
unlikely to change significantly for the better. 

Employment and livelihoods provided by fisheries are particularly important in rural 
areas and in the developing world. According to FAO (2016) and FAO statistical data 
(J. Gee [FAO], Pers. Com.) 39.3 million people worked directly in capture fisheries of 
which 17.9 million on marine fisheries. Considering the proportion of the time used 
for fishing in each category63 we estimate the total full-time equivalent employment is 
9.9-14.4 million jobs (Table 6).

TABLE 6
Number of jobs provided by the marine fishery sector

JOB CATEGORIES

Full-time Part-time Occasional Unidentified Total

Employed (106) - - - - 17.9

Categorized (%) 42 16 19 23 100

Unidentified (%) 12.5 4.8 5.8 - 23

Total (%) 54.5 20.8 24.8 - 100

Employed (106) 9.8 3.7 4.4 17.9

% Work time/year 90-100 30-90 1-30 - -

Equiv. full time 8.8-9.8 1.1-3.3 0-1.3 - 9.9-14-4

Source FAO data, 2016 

Following the reasoning in World Bank and FAO (2009) that one job in the 
primary production sub-sector induces three additional jobs in secondary activities 
(postharvest, processing, marketing and distribution), the total full-time equivalent 
employment generated by the capture fishery sector in 2016 would be between 39.6 
and 57.6 million jobs. While this number may give an idea of the economic value of the 
sector, it under-represents the much larger number of households that depend totally 
or in part on fisheries mainly in poor coastal communities and in Asia (84 percent 
according to FAO, 2016). For many decades, fisheries have “successfully” absorbed a 
significant amount of excess labour in developing countries (Béné et al., 2010).

The fishery fleet size is both an asset and a liability. Rebuilding usually requires resizing 
fleets to reduce overcapacity. The world fleet is about 4.6 million vessels, 75 percent 
of which in Asia. In 2014, 85 percent of the motorized vessels are below 12 meters 
(FAO, 2016). The number underline the problem posed by any resizing of that fleet, 
the importance of small/scale fisheries, and the region that would be most impacted by 
a radical economic reform.

The current benefits from fisheries include not only the above direct use of resources 
(for food, revenues, employment and livelihoods) in the capture fishery sector, but also 
benefits accruing along the entire value-chain. Furthermore, there are important human 
benefits also in recreational and non-consumptive uses (e.g. eco-tourism) of fishery 
resources, sometimes in conflict with conventional food-focused fisheries. Finally, 
the non-market values from fisheries – such as existence and option values – are very 
relevant and motivating in many traditional coastal communities, and are important in 
advocating conservation, even though they are hard to assess and accordingly rather 
controversial. 

63  On average, between 2009 and 2014, the employment provided by marine fisheries were full-time (42%), 
part-time (16%), working 60% of the time, and occasional (19%) working 15% of the time. Other 23% 
could not be categorized. Assuming the observed distribution in categories applies to these as well, the 
distribution of employment in job categories becomes 54.5% full-time, 20.8% part-time and 24.8% 
occasional. (FAO data. Gee, Pers. Com.) 
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Values, goals, and objectives of rebuilding

Societal values of sustainability, environmental preservation, human wellbeing and 
overriding policy goals on environmental, economic, or foreign policy matters have 
a driving effect on the concern about overfishing, the demand for rebuilding and the 
nature of the rebuilding strategy that is adopted in response. Therefore, choices about 
rebuilding options need to be rooted in societal (and in some cases, local) values.  

Typically, those values lead logically to a set of multiple goals and objectives being 
pursued – in fishery management generally, and in rebuilding more specifically. In the 
‘real world’ there are always conflicts, and trade-offs involved across these multiple 
objectives. Often, however, perhaps for simplicity, discussions may revolve around 
single targets, such as maximum sustainable yield (MSY), maximum economic yield 
(MEY) or even an undefined ‘Maximum Social Benefits’. Rebuilding to any one of 
these targets has different implications. A rebuilding target of MSY usually implies 
more employment and support for more livelihoods than rebuilding to MEY, which 
requires significant reductions in fishing capacity (fleets and people). An equivalent 
Maximum Social Benefits may imply a preference for an economically sub-optimal but 
more equitable solution.

Some countries have formal legislative requirements to account for socio-economic 
implications of management measures but there is very rarely an obligation to do so. 
Australia is an exception. That nation adopted MEY as its central objective and reference 
point, which emphasizes maximum economic efficiency, but uses compensation and 
buyback schemes to limit impact on those excluded by the process.

Generally, however, in most countries, even developed ones like in Europe, 
incorporation of socio-economic data (e.g. on revenue, costs, gross value added, 
profits, and employment) and analysis at the early design stage of rebuilding plans 
is still limited (OECD, 2012: 94). In USA, for example, the Magnusson-Stevens Act 
includes discretionary provisions designed for ordinary management that might 
apply to rebuilding plans, such as the requirement (for limited entry programs) to 
consider: the present participation in the fishery, historical fishing practices, degree of 
dependence on the fishery, economics of the fishery, the capability of fishing vessels 
used to engage in other fisheries (malleability), the cultural and social framework, etc.

4.2 ECONOMIC CONSIDERATIONS

An economic perspective on fisheries rebuilding is necessary (OECD, 2010; 2012) to: 
(1) place rebuilding in the general context of fisheries management and sustainability; 
(2) increase the focus of rebuilding strategies on economic performance and their 
contribution to reverse the “rent drain”64; (3) justify the greater investments needed 
in fisheries management; (4) raise additional awareness and support from treasury and 
economics ministries; (5) and increase the consensus on the need for rebuilding to 
benefit fully from the potential of Blue Growth and fulfill the Sustainable Development 
Goals (SDGs) beyond bio-ecological terms (World Bank and FAO, 2006).

The evolution of fishery resource depletion at the global level has been described in 
Section 2.1. The economic theory of overfishing and rent dissipation, for example 
in conditions of open access or with inadequate management provisions, is well 

64 The “rent drain” can be defined as the difference between the current resource rent (likely to be negative 
in a situation of depletion) and the maximum resource rent available at the level of the maximum 
economic yield (MEY) (World and FAO, 2006).
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established (see Section 4.2.1). Within that framework, a rebuilding process may aim 
at maximizing yield (rebuilding the stock to the mandatory MSY level), or maximizing 
revenues or rents (rebuilding at the MEY level).  The latter approach (usually referred 
to as fisheries reform) would try to achieve the highest cost-benefit ratio possible 
across the various possible rebuilding trajectories, based on their ex-ante evaluation. 
This considers the Net Present Value (NPV) of the resource and maximization of 
social welfare as the criteria (e.g. in Larkin et al., 2011; Costello et al., 2012; Hilborn 
and Costello, 2017). Such an economic approach would tend to look for least-cost 
rebuilding strategies, e.g. combining top-down regulatory measures (performance 
standards) with incentives and disincentives. It should also be sensitive to issues of 
scale, e.g. expanding the rebuilding perspective from stocks to whole fisheries (e.g. in 
Larkin et al., 2011), entire sub-regions or national sectors. However, such economic 
approaches are not without debates, as there are choices to be made concerning the 
breadth of the analysis. For example, a narrow ‘industry’ perspective is often adopted, 
neglecting regional economic effects on coastal areas and communities. The coverage 
of the value chain is often only partial, perhaps omitting post-harvest considerations. 
It should be noted, however, that the effects of depletion and collapse are likely to be 
progressively less perceptible as one moves-up along the value chain compartments, 
from processing to marketing and consumption, as these tend to be progressively less 
“specialized” in particular stocks or species, have higher opportunities for substitution, 
and are therefore less threatened by collapse and its cascading chain of effects.

Economic analysis may also often neglect non-market values and benefits, and 
distributional aspects of costs and benefits among actors (issues of equity) calling for 
critical attention when considering their results for decision.   

The economic performance of fisheries rebuilding could be assessed in two ways: 
(1) Empirically, analyzing fishery-dependent and independent data collected during 
the rebuilding process (e.g. see Collie et al., 2013); and (2) Theoretically, using 
bioeconomic models to simulate realistic fisheries (e.g. Sumaila and Suatoni, 2005; 
Costello et al, 2012a; Bonini et al., 2011). Empirical economic data on rebuilding is very 
scarce and experience indicates that in complex fishery systems evolving in changing 
environments with multiple interactions and drivers, establishing accurate cause-effect 
relationships between a change in management in one fishery and its outcomes may be 
very problematic. For both reasons perhaps, a major part of the information available 
in economic rebuilding performance is model-based. These, as well, may be missing the 
broader ingredients described above, and thus must be treated with caution. 

Resource depletion has costs and also some unsustainable benefits. Rebuilding of a 
stock, an assemblage or restoration of an ecosystem also has costs and benefits, in the 
short and long terms, with important distributional issues. Some of these aspects and 
ways of analysing them are addressed in the sections below. 

4.2.1 Approaches to the economic analysis of rebuilding

Modern economic theory of fisheries and the concept of economic overfishing have 
been developing since the work of Warming (1911, in Andersen, 1983), expanded 
by Gordon (1954), Scott (1955), Christy and Scott (1965), Clark (1990), Hannesson 
(2008) and Bjorndal and Munro (2012). Many allude to the ill-named “tragedy of the 
commons” (Hardin 1968; 1998) to motivate the call for economic rationalization, to 
avoid depletion and economic waste. 
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In mainstream theory, exploiting a renewable natural resource generates a rent 
that may be maximized if the total cost of fishing (the number of entrants in the 
fishery and the technology they use to catch and process fish) can be controlled and 
maintained at MEY level. The Gordon-Schaefer surplus production model has been 
used intensively to elaborate simple “economically optimal” management strategies 
aiming at maximum economic yield and rent extraction (Figure 32) In case of failure, 
the stock is economically overfished, usually before it becomes biologically overfished. 
As the sustained level of fishing effort increases, the rent at first increases and then is 
“depleted” (dissipated) resulting in a rent drain (Munro, 2010a). 

The economic rent (defined loosely as the net economic return on the natural capital) 
is the economic surplus over and above fishing costs and payments to fishing labour 
and capital. It reflects the intrinsic value of the resource, and can, in theory, be collected 
from the fishery to support coastal populations in various ways. Alternatively, it can 
be left within the fishery, in which case it may be used as a source of finance to sustain 
investments in other forms of capital (produced and human capital) (Munro, 2010a: 3). 
These two uses are in tension and the object of a trade-off when making management 
decisions. Although so-called “win-win” solutions are always actively sought, there 
seem to be practically always losers in the system, often overlooked. The same 
principles and tensions will be at play in rebuilding policies but in a more constraining 
bioeconomic viability envelope with extremely fragile resources and sectors.

The related management theory is also well developed. The reasons for failure, i.e. the 
sources of unsustainability, have been studied for decades (e.g. in Swan and Greboval, 
2005) as well as the factors of successful management (e.g. in Cunningham and Bostock, 
2005; Munro, 2010a). The liberal economic paradigm advocates solutions involving 
allocation of market-based exclusive fishing rights to individuals or group of individuals 
(communities, unions, etc.). For commercial large-scale fisheries, this approach has 

FIGURE 32
 A simple, deterministic, reversible bioeconomic models illustrating 
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been adopted in many locations65. However, there are difficulties in implementing this 
paradigm in international fisheries, particularly on Highly Migratory Species (HMS) 
where exclusion of new entrants in Regional Fishery Management Organizations 
(RFMOs) is difficult. The factors of successful management are more contested in 
small-scale fisheries where the objectives being pursued are often much more diverse 
(with more balance among social, cultural and economic aspects) than in large-scale 
fisheries, and where exclusion of poor, dependent people from their only livelihood (a 
typical result of allocation of market-based exclusive fishing rights) is both non-ethical, 
socially explosive, and hard-but-not-impossible to implement in practice.

The above economic analysis is an example of bioeconomic modelling, which has 
long been advocated as an important tool in managing fisheries for determining 
the sustainable levels of catch and effort and the exploitation path to achieve those 
equilibrium levels, particularly for rebuilding (Gordon, 1954; Clark, 1985, 1990; 
Hannesson, 1993; Seijo et al., 1998; Anderson and Seijo, 2009).

Bioeconomic models are used to assess and compare alternative rebuilding courses 
of action that are consistent with policy goals and identify the “optimal” rebuilding 
plan. However, because of the inherent limitations of the models, this “optimum” 
remains purely advisory and may not be what should be implemented (Larkin et al., 
2011) because…although bioeconomic analyses emphasize the problem inherent in the 
exploitation of fish resources, namely the dissipation of the resource rent, the economic 
analyses suffer from an inability to give indications of what should be done in complex 
fisheries with regard to fish stocks and fishing technology (Frost and Anderson, 2006). 
There are ways to broaden bioeconomic analysis through examining a wider range 
of fishery objectives – including social and socioeconomic aspects, not just resource 
rent. This can be either by ‘optimizing’ over more objectives (e.g. Charles, 1989) or 
by shifting from optimization to simulation analysis that allows the exploration of 
multiple scenarios (e.g. Charles, 2010).

With the development of computers and data bases as well as increased demand 
(at national level) for economic advice, bioeconomic models have become more 
structural, multidisciplinary and complex.  Such models become essential when 
shifting from rebuilding single stocks to rebuilding fisheries, and for the evaluation 
of in rebuilding strategies (Larkin et al., 2011). In rebuilding, bioeconomic models 
might be used to calculate the impact of fleet reductions at equilibrium. Rebuilding 
pathways and trajectories (transitions) can better be addressed and optimized with 
more dynamic models, incorporating age structures, stock-recruitment relationships, 
fleet segments, fishing time management, changes in catchability (selectivity); supply/
demand relationships, etc. Economic multispecies models are also becoming more 
important as EAF implementation increases in depth, to account for interactions in 
mixed species fisheries or where trophic relationships are important (Eggert, 1998; 
Agar and Sutinen, 2004). 

In the context of resource rebuilding, simple static bioeconomic models can be used to 
explore what will be an appropriate target rebuilding objective (e.g. at MSY, MEY or any 
similar reference rebuilding level) and calculate the theoretical outcomes at equilibrium, 
limiting the considerations to the interaction between stock biology and economic values, 
and not expecting quantitative results.  More complex dynamic models are necessary 
to examine the possible pathways and time horizons for rebuilding, comparing their 

65  There has been and still are discording voices about privatization of public resources, as shown in 
Ostrom (1999), Hannesson (2010) or Sabau and de Jong (2015) specifically for the Canadian cod 
restoration case.  



104 Rebuilding of marine fisheries - Part 1: Global review

efficiencies in terms of harvests as well as along the value chain, and in bioecological as 
well as socio-ecological terms. These models may consider tensions between economic, 
social, and cultural dimensions and risks in optimizing rebuilding plans (Larkin at al., 
2011; Bonini et al., 2011). They can also be used to analyze the impact of external drivers 
of fisheries evolution such as (i) technological progress in fishing, (ii) increasing demand 
for fish, and (iii) increasing supply of farmed fish, as well as the interplay of these driving 
forces under different scenarios of (limited) fishery management effectiveness (Quaas 
et al., 2016). For example, Larkin at al. (2011) stressed the usefulness of age-structured 
bioeconomic analysis for rebuilding e.g. to examine dynamically how key parameters 
affect the optimal rebuilding time horizon and trajectory, accounting for foreseeable 
change in conditions and model parameters (of the stock and the fishery) with time 
due to: e.g. density-dependence in growth; dependence of reproduction on abundance 
of old females; relations between biomass and fishing costs and between market prices 
and yields or fish size. Similarly, space-structured models might be useful to optimize 
rebuilding on spatially structured resources. Finally, these approaches help assessing 
ex ante the potential benefits of adopting a special rebuilding regime compared to only 
tinkering with the ordinary management regime.

It is also important to understand the limitations of the global bioeconomic models 
used for most analyses of rebuilding (and underlying much of the results presented 
subsequently in this section). These suffer from the assumption that an assemblage 
of thousands of distinct stocks and fisheries, at different and changing stages of 
development, in multiple weakly connected ecosystems, involving peoples with 
different culture and different political systems, and feeding different markets, could 
be treated as one fishery on one homogenous resource, exploited by one homogenous 
fleet. The aggregated fishery development models (Section 3.2.4) used to describe 
the evolution of world fisheries are more empirical and avoid some of their flawed 
assumptions but do not lend themselves to bioeconomic analyses. While global models 
are useful to elaborate a large scale strategic vision of the sector, and to raise awareness 
on present state and advocate reforms, their aggregated conclusions should not be taken 
as applying mutatis mutandis to all national and local fisheries even though the key 
messages that emerge are of general value. More elaborate dynamic multidisciplinary 
models are offering the possibility to compare rebuilding pathways and trajectories 
offering more perspectives for decision-making.

4.2.2 An economic perspective on the benefits and costs of rebuilding

Benefits and costs of rebuilding can, in principle, be considered at the global, national/
EEZ/sector, and fishery levels. There is only one global fishery, but tens of fishery 
regions, hundreds of EEZs and thousands of single fisheries. The number of pieces of 
information available on cost and benefits of rebuilding should increase exponentially 
from the global to the fishery level. However, this is not the case yet in the formal 
literature which appears to be abundant at the global level, very scarce at the aggregated 
national/EEZ/sector level, and slowly growing at the single fishery level. 

Three other caveats should be noted: (1) The literature on biological analyses relating 
to rebuilding is relatively abundant, while the economic analyses of costs, benefits and 
benefit/cost ratios are quite rare and mainly at a global level. (2) Within this limited 
economic literature, there are studies of the potential gross benefits of rebuilding, 
over the last 2 decades, but information on the potential costs of rebuilding has been 
very limited and is just emerging. (3) Empirical studies typically focus either on the 
ultimate equilibrium situation, often a considerable number of years in the future after 
a rebuilding program is complete, or on discounted sums of benefits and costs over 
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time, while crucially important transition costs are often neglected, or downplayed. 
These points will be considered in detail in a subsequent section on social aspects.

In this sub-section, after first examining the range of benefits and of costs of rebuilding 
separately, we review the limited global and national empirical studies of rebuilding 
economics, then finally discuss the balancing of benefits and costs.

Rebuilding benefits

The multidimensional benefits of rebuilding depleted fisheries have been abundantly 
described in academic works and fishery management manuals, at least at the capture-
level of the value chain. Successful rebuilding of fishery resources and fisheries is usually 
presented as ecologically, economically and socially beneficial. Properly conducted, 
rebuilding should lead to fisheries that are better adjusted to resources productivity, 
with reduced collateral impact on biodiversity, more stable and predictable production, 
more stable livelihoods for fishing and coastal communities, improved recreational 
opportunities and food security, and reduced waste of human, physical and natural 
capitals, contributing to blue growth (Kelleher, 2014)66. This is of course what the FAO 
Code of Conduct for Responsible Fisheries and Ecosystem Approach to Fisheries also 
intended to achieve if well implemented, avoiding or correcting overfishing. 

Global studies point to some conclusions which, subject to local ground-truthing, 
might be generally applicable: (1) A modest increase in yield (and food provision) 
might be expected in most areas of the world with current harvesting technology and 
spectrum of exploited specie and sizes67, and (2) Substantially larger economic benefits, 
in terms of return on investment, might be achievable, in the order of billions of dollars 
at global level and of millions of dollars at national level68.

Rebuilding costs

The multidimensional costs of rebuilding have been studied much less and very 
recently. They relate to: (1) the reduction of excessive fleet size, e.g. through buy-back 
schemes, may incur high costs as this might involve eliminating about 2 million vessels 
globally if 50 percent of the vessels must be eliminated; (2) the eventual reduction of 
the excess coastal infrastructure, e.g. in processing and in support industries such as 
maintenance, provisioning of gear, vessel electronics and other supplies; (3) additional 
management costs such as in VMS equipment and facilities, improved monitoring 
control and surveillance, as well as research programmes; (4) social and economic 
safety nets needed to mitigate the effect of millions of lost livelihoods, creating new 
livelihood alternatives, compensating people in the transition period; (5) potential civil 
turmoil and disobedience (sea pirating; poaching, involvement in arms and drug deals; 
increased IUU); (6) potential irreversible loss of markets to competitors (other species 
or sources of supply69). 

66  http://www.fao.org/3/a-i3958e.pdf;%20https://www.slideshare.net/FAOoftheUN/blue-growth-initiative)
67  Indications, so far, are that: (1) In target fisheries, rebuilding is usually followed by increases in catch, 

after the initial decrease due to effort reduction; (2) In mixed fisheries (e.g. multispecies bottom trawl 
fisheries), total catches may not increase, particularly if a full recovery of the least productive species of 
the mix is pursued (Hilborn, Pers. Com.). 

68  According to Hilborn and Costello (2017), over half of the estimated global potential benefits from “blue 
growth” foreseen in fisheries can come from rebuilding fisheries, particularly in regions that have not 
aggressively implemented new [rights-based] fishery management.

69  The California sardine has rebounded in the 1990s after 40 years of collapse, but catches remained low, 
in part because the industry itself had disappeared and the market, following the collapse, had moved to 
the Peruvian anchoveta. (Hannesson, 2008).
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It is important to realize that many of the so-called rebuilding costs are not really the 
cost of rebuilding the resource but the cost of its depletion without which rebuilding 
would not be needed. Munro (2010) argues that the rebuilding cost is an investment in 
natural capital rebuilding. As usual, therefore, relevant questions exist relating to the 
origin of investment (private or public), expected returns on investment, and discount 
rates. 

It has been shown that avoiding depletion costs much less that rebuilding after 
depletion.  Costello et al. (2016) confirm that business as usual fishery governance will 
not improve the forecast for future fisheries and that a significant change is needed 
in any case, a conclusion with which Quass et al. (2016) agree and which was made 
already in FAO (1992) 10 years only after the LOSC was formally adopted and about 
20 years after it had been implemented de facto as international customary law. 

Long-term reduction of fisheries overcapacity (reducing the number of vessels) has 
become a well-accepted goal in the face of significant overfishing, though the rationale 
for this is often unclear. Consider a situation in which a 40-50 percent reduction of 
the world’s fishing pressure is deemed necessary (Garcia and Newton, 1997; World 
Bank and FAO, 2009; Sumaila et al., 2012; Ye et al., 2012). This implies the need to 
reduce fishing effort, and the issue is what is to happen to the fishing fleet. Realistically, 
this depends on each fishery. In some cases, where, for example, fishers are currently 
capturing above-normal rents, or where the opportunity cost of labour is minimal and/
or maintaining employment is crucial for social stability, an effective solution may be 
for each vessel to fish less, rather than to remove vessels. On the other hand, such an 
option may be neither effective nor economically efficient in other fisheries. For the 
latter, a large reduction of the fleet may be needed, and thus the cost of decommissioning 
vessels is a central rebuilding cost (OECD, 2012: 38), unless there is an alternative use 
of those vessels. Considering that the world fleet is about 4.6 million vessels (FAO, 
2016), if the response to overcapacity were simply fleet reduction, this would imply 
removing about 2 million vessels. The 40 percent reduction option implies a cost of 
about 162 billion US$ (130-195)70. Achieving this before 2020 to meet Aichi Target 6 is 
simply not reasonable in any terms. 

Reduction of employment would follow from reducing fleet sizes. Assuming a 40-50 
percent reduction in fleet size implies a reduction in employment in the capture sector 
of roughly the same magnitude. In developed countries and large-scale fleets in the 
developed world, such reduction might be feasible, given enough time. At the global 
level, we have seen (in the introduction of Chapter 4) that the marine fisheries sector 
employs about 18 million people for occasional to full time work, representing about 
10-14 million full time jobs in the capture sector and 30-58 million people in the value 
chain.  Sumaila et al (2012) calculated that to rebuild global fisheries at MSY, 15-22 
million jobs would need to be eliminated or redirected to another economic sector71. 
About 90 percent of these job losses would have to occur in the developing world 
and particularly in poor coastal rural areas of Asia. The induced cost of that reduction 
would be in developing alternative livelihoods (an uneasy task as already demonstrated 
in the last 30 years) and setting up social and economic safety nets for an unknown but 
long time. Conscious of the problem, Sumaila et al. (2012) suggest weighting the effort 
reduction more on large scale fisheries than on small-scale ones, e.g. reducing more 
technological than human capital. This reduction remains a huge challenge, but the 

70  This adjustment costs includes the cost of vessel buybacks and compensations for fishers to ease their 
transition to alternate employment. http://doi:10.1371/journal.pone.0040542.t006

71  A limited option considering the non-malleability of capture fishery competencies
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authors underline the fact that it might be preferable to undertake that reduction as part 
of an investment for transitioning to more economic fisheries before a collapse than as 
part of a rebuilding programme once resources have collapsed and cannot contribute 
much to the effort. 

Additional fishery management costs may be needed in a rebuilding process. In their 
analyses, Sumaila et al (2012) have considered increasing by 25 percent the management 
costs to meet the new needs. This looks very low when one considers the MCS and 
scientific monitoring systems that will be needed to support a radical global reform 
compared to those existing today. These additional expenses may be hardly bearable on 
small island countries and even in many coastal nations unless their cost in internalised 
in fish prices, with some impact on demand and accessibility to poor people. Arnason 
et al. (2000) found that management costs ranged from 3 to 25 percent of gross revenues 
in Iceland. It is hard to extrapolate this wide-ranging figure anywhere else, but it 
indicates that they can be substantial, particularly in the case of modern sophisticated 
management.

We have not found any global assessment of the other costs listed at the beginning of 
this section such as the eventual reduction of the coastal infrastructure (processing, 
supporting industries in maintenance, provisioning of gear, electronics, food supplies, 
etc.); the safety nets needed to mitigate the social and economic effects of fishing capacity 
reduction; the potential civil turmoil and disobedience triggered by the perspective of 
losing one’s livelihood; the potential irreversible loss of markets to competitors even if 
and when the stock rebuilds. Some information is available in rebuilding case studies, 
but the amounts differ greatly between fisheries. 

Global-level empirical analyses

Francis Christy (in FAO, 1993) was the first to stress the apparent global economic 
loss of about 54 billion US$ in global fisheries in 1989. This loss was at the capture 
sector and did not include related losses likely to exist in the value chain. Grainger 
and Garcia (1996) concluded their analysis of global fishery resources stating that, if 
overfishing was eliminated and disregarding predator-prey interactions, landings of 
the early 1990s (about 83 million tonnes) might be increased by 0, 18 and 43 million 
tonnes respectively, depending on whether the analyses were conducted respectively 
at global level, by ocean or by FAO statistical division. One year later Garcia and 
Newton (1997) expanded Christy’s snapshot analysis to develop a simple bioeconomic 
surplus production model for the world fisheries with data from 1970 to 1989. They 
concluded that the world “stock” was fully exploited in 1989, confirming an apparent 
economic loss of about USD 46 billion per year at the end of the 1980s, and suggesting 
a global overcapacity of about 30 percent (when using a biological model) and 53 
percent (when using a bioeconomic model). Comparing peak landings in smoothed 
landings time series to current landings Grainger (1999) estimated that depletion costs 
amounted to a loss of USD 8–16 billion or 9–18 percent of the actual gross value of the 
landings at that time. Updating the Garcia and Newton analysis in a more powerful 
modelling framework, the value of economic loss (rent drain) of 50 billion US dollars 
was confirmed a few years later. Along similar lines, Ye et al. (2012) concluded that the 
rebuilding of global fisheries to MSY would lead to an increase in world yield of 16.5 
million tonnes, and a rent of USD 32 billion. However, this would require reducing 
fleet capacity by 36-43 percent from the 2008 level – approaching the recommendation 
of World Bank and FAO (2009) and Munro (2010), in the study above, for a 50 percent 
reduction in the world fleet – producing a loss of 2-15 million jobs, and USD 95-358 
billion spent on buy-backs to reduce the world fleet by about 40 percent. As noted 
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above, this also does not account for the transition stage, in which there can be a loss 
of yield, income and food supply, in addition to losses in employment. 

Sumaila et al. (2012) revisited the global depletion and recovery issues using a large 
database of empirical data (including the FAO landings database) and assessed both 
costs and benefits. They calculated that rebuilding world fisheries to their MSY 
level would increase their economic performance (resource rents) from the present 
(negative) value of USD -13 billion US$ to a positive one of USD 54 billion per year 
(a 67 billion increase), resulting in a net gain of USD 600-1,400 billion in present value 
over fifty years. The global cost of this rebuilding would be about USD 130–292 billion 
in net present value. In 50 years, the yearly landings would rise on average from 80 to 
89 million tonnes (an 11 percent increase) and their yearly value would increase from 
USD 88 to 101 billion (a 25 percent increase). Yearly fishing costs would be reduced 
by about 50 percent, from USD 73 billion (range: 50-96) in 2012 to USD 37 billion 
(range: 29-44). Returns on investments would grow from USD 3 to 16 billion (a 400 
percent increase). This study confirmed the ‘order of magnitude’ earlier estimates 
of rent dissipation and the need to reduce fishing capacity by roughly 50 percent to 
recuperate it. 

Costello et al. (2016) provided a comprehensive analysis of costs, benefits and trade-
offs of contrasting rebuilding strategies (Figure 33): (1) Business as Usual (labelled as 
BAU), for which the current management strategy72 is maintained in the projections; (2) 
Yield Maximization (labelled FMSY) in which fishing mortality for each stock was set 
constantly at F=Fmsy; and (3) Economic Reform (labelled REF) through generalization 
of rights-based fisheries management, in which fishing pressure is managed to maximize 
long term economic value, using cooperatives, territorial rights or ITQs. The analysis 
is made by fishery, country and globally, with 2050 as time horizon. The trajectory of 
the different scenarios is given in and conclusions were as follows:

1. The BAU strategy applied to all stocks of “conservation concern” (i.e. with B< 
BMSY and/or F>Fmsy) fisheries increases the proportion of stocks below rebuilding 
target (B=0.8 BMSY) from 53 percent today to 88 percent in 2050. Overfished 
stocks increase from 64 to 84 percent; 

2. The REF scenario leads to an increase in catch (14%), biomass (37%) and profit 
(79%) compared to the 2012 levels and to simultaneous gains in catch, profit, and 
biomass for 56 percent of the stocks. Through this scenario, 98 percent of the 
world stocks are brought to a healthy state by 2050, with a recovery time for each 
fishery ranging from 4 to 26 years (average 11 years);  

3. The most depleted stocks produce the largest benefits from rebuilding unless they 
were depleted beyond recovery;

4. Global fishery profits are 29 percent higher under right-based management than 
under FMSY when only stocks under conservation concern are reformed, and 64 
percent higher when all stocks are reformed.

Their overall conclusion is that in nearly every country, fishery recovery would 
ultimately increase food provision, fishery profits, and fish biomass in the sea. 
Unsurprisingly, they also find that, for fisheries in depleted equilibrium (fisheries 
stabilized at B<Bmsy and F>Fmsy) individual or communal access rights to fishery 

72  Not knowing exactly how each fishery in the world is managed, the BAU option consisted in applying 
one of the three options: (i) RBFM when the fishery is known to use catch shares; (ii) Constant current 
F policy for non-catch shares policies; and (iii) pure open access for al all other fisheries.



Human dimensions 109

resources can align incentives across profit, food, and conservation. However, as with 
the Sumaila et al. study and most others, the results presented in this analysis do not 
focus on the negative impacts in the short-term transition costs, i.e. losses in yield, 
income and food supply that can persist over multiple years.

While some conservative assumptions and model adjustments were made (e.g. 
regarding predator-prey relationships impact on the results), two issues made it still 
optimistic (Hilborn and Costello (2017): (1) the partial consideration of the interactions 
between stocks of predators and preys73, assuming implicitly that they could be rebuilt 
independently, gaining on both sides; and (2) the unavoidable imprecision of assessment 
and management, even in well-equipped countries and well-aimed management plans. 

Hilborn and Costello (2017) updated the work of Costello et al. (2016), evaluating the 
potential for “Blue Growth” in different regions of the world and for different types of 
fishery resources, considering the same three scenarios (BAU, FMSY and REF). Results 
vary, as expected, between types of fisheries and socio-economic systems. Furthermore, 
the analysis continues the pattern, noted above for these analyses, of paying less attention 
to the negative impacts and dislocations of the transition stage. Under the reform 
scenario, total catch would increase by 13 percent, biomass by 36 percent, and profit by 
81 percent - values similar to those obtained by Costello et al. (2016). 

The forecasts indicate also: (1) Little change in any of the scenarios for major tuna 
and forage fish species; (2) potential for increased yield of whitefish species; and 
(3) considerable room for increased profit in most of these fisheries from better 
management. 

Increased yield will come from (1) rebuilding overexploited stocks; (2) reducing 
fishing mortality on stocks that are still abundant but fished at too high rates; and (3) 
from fully exploiting stocks that are rebuild or abundant but underexploited (mainly 

73  The authors reduced arbitrarily the theoretical MSY of forage fish by 25% to account for their 
consumption by rebuilt stocks of predators 

FIGURE 33
Timing of projected recovery under alternative policies for recovering 

global fisheries of conservation concern (see text for details)

RBMF

Profit/year ($Billion)

%
 S

to
ck

s 
ab

ov
e 

0.
8 

B/
BM

SY

Year

-10 80

20

0

40

60

80

100

1990

88
49

1980 20102000 2020 2030 2040 2050

FMSY

BAU (conservation concern)

Total harvest (MMT)
BAU (all stocks)

Circles’ size and colour indicate global catch and profit by year, respectively. Source Costello et al. 2016. 
© 2016. National Academy of Sciences



110 Rebuilding of marine fisheries - Part 1: Global review

in Europe and North America). Asia provides the greatest opportunity for increased 
fish abundance and increased profit by fisheries reform. We would add that this is 
also the region of the world where pure economic reforms would have the maximum 
cost in terms of lost livelihoods and decommissioning of fleets. All regions show 
potential increase in abundance and except for Peru and Chile show the potential to 
approximately double fishery profits.

National-level empirical analyses

Most rebuilding analyses are undertaken at single-fishery and/or single-stock level. 
However, an integrated approach, combining a range of policy measures would provide 
a more stable foundation for rebuilding, with core measures (to reduce capacity) and 
flanking measures to enhance rebuilding, plus appropriate mechanisms, to ensure the 
protection of the investments and control distributional outcomes to ensure equity 
and protect vulnerable communities. Integration also requires the review of all relevant 
policies to align them, from harvesting to processing and trade, from fisheries to 
conservation of coastal environments, and from resources to habitats (OECD, 2010: 27).

The types of costs and benefits attached to national rebuilding programmes are, a 
priori, not different from those described in global-level analyses above and the types 
of costs and benefits identified in global analyses, and the key issues identified at that 
level are likely to be valid at the EEZ/fishery sector level. The magnitude of the impacts 
is obviously expected to be one or two orders of magnitude lower at national than 
ay global level. The outcomes depend on the size of the fishery system, the size and 
market value of the resources available, their status, the history and parameters of their 
exploitation, the state of the environment, the political regime, governance capacity and 
many other socio-economic parameters. 

While there is an abundant literature on national fisheries sustainability policies and 
management frameworks, we found practically no multi-disciplinary analyses of 
rebuilding, combining all fisheries and resources at national/EEZ/sectoral level, for 
systemic efficiency. The reasons might be that: (i) the sweeping assumptions made 
in global-level analyses would be too sensitive if used also at the national level; (ii) 
the more realistic disaggregated approach that is needed to combine comprehensive 
fishery-by-fishery analyses into a national assessment is only starting to be available 
(cf. Costello et al., 2012; 2016; Hilborn and Costello, 2017; see below); or (iii) the 
significantly different responses to rebuilding of the large range of fisheries normally 
available in a national sector or EEZ may reduce the usefulness of integrated ex-ante or 
ex-post analyses that would mix the results of fast and slow and more or less productive 
rebuilding initiatives, hiding for example fishery-related realities that would be essential 
in prioritizing costly investments. Nonetheless, systemic perspectives of rebuilding 
could be useful when systemic measures are needed, such as sector-level reductions in 
fishing capacity (to look at fleets interaction) or development of a network of MPAs 
which will interact with all fisheries at the same time.

Milazzo (2012) provided a synthetic analysis of US rebuilding performance at the 
national level, showing successes and failures, in term of control of fishing pressure 
and biomass rebuilding outcomes, with some discussion about mandatory rebuilding 
times, but did not provide an updated economic analysis on national/sectoral costs and 
benefits of the systematic approach to rebuilding in the USA. 

Costello et al. (2016) have analysed rebuilding scenarios at the national level but 
based on disaggregated fishery-by-fishery analysis and implementing a rights-based 
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reform optimization. Figure 34 shows the enormous potential of China’s immense 
fisheries. Other prominent fishing nations in Asia, such as Indonesia, India, Japan, 
and Philippines, also would secure large benefits along all three dimensions. It should 
be noted that seven of the ten countries would derive at least 50 percent of the new 
profits from resources presently classified at FAO as “Not Elsewhere Identified” 
(NEI), i.e. resources not properly identified in landing declarations (in red on the 
figure), generally of low value. Results suggest that nearly every country in the world 
stands to gain from fishery recovery regardless of its objectives (e.g. maximum yield or 
profit). All reasonable recovery policies are expected to give rise to increases in biomass 
of fish, albeit to different levels. However, the RBFM reforms which focus on highest 
economic returns, also achieve the highest levels of biomass. The FMSY policy, aiming 
at maximum yield, would achieve maximum catch at the expense of biomass and profits 
and with slower recovery times. The aggregated catch, profit, and biomass under each 
policy scenario illustrates that trade-offs across policies are small for the aggregated 
global fishery.

Balancing costs and benefits

This section on the benefits and costs of rebuilding has highlighted the importance 
of an integrated analysis that includes both the benefits and the costs, in contrast to 
many studies that focus only or primarily on the benefits. Indeed, while the gross 
economic benefits of rebuilding are assumed to be commensurate with the losses due 
to overfishing, when the latter is suppressed, the net benefits need to account for the 
cost of rebuilding itself. In addition, as rebuilding is a protracted process –the length 
of which depends on the resources and the rebuilding strategy– discount rates need to 

FIGURE 34
Absolute changes in projected biomass, profit, and catch (color), projected at 

the 2050 horizon, for the ten countries with the greatest increase in profit 
under economically optimal harvest strategy (RBFM) compared with the 

business as usual strategy (BAU) for stocks of conservation concern

Circle size = MSY in million metric tons. Names in red indicate countries for which >50% increase in profit 
comes from resources falling in the FAO category “NEI”. Redrawn from Costello et al. (2016: Fig.2). 
© 2016. National Academy of Sciences
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be applied, leading to assessing the performance of rebuilding processes in term of the 
Net Present Value (NPV) of the rebuilt resources (net of rebuilding costs). Thus, the 
net balance between benefits and costs in the short and long terms is a central issue. 

Rebuilding costs have been assessed only recently and can be very substantial (up 
to hundreds of billions of dollars). However, according to Costello et al. (2012), 
the cost of repairing overfishing may be 27 to 176% higher that rebuilding costs. In 
addition, Sumaila et al. (2012) concluded that, on a 50 years’ rebuilding time-horizon, 
the potential benefits of rebuilding global fisheries far outweigh the cost (benefits 3-7 
times higher than costs). Of course, this long-time horizon tends to enhance long-term 
gains over short-term costs. Sumaila et al. indicate that costs surpass benefits during 
the first 12 years, a very consequential delay for any business with current discount 
rates. Indeed, taking a “normal” business horizon of 10 years, the results look much 
bleaker, as most costs will have to be immediately faced while benefits will be delayed 
for an uncertain amount of time. This seems certainly an unbearable period of stress 
for the fishermen and their families, if not helped by the State (see the discussion of 
social impacts and see Section 7.4.2 for a discussion on the rebuilding time frame and 
discount rate). 

4.3 SOCIAL CONSIDERATIONS 

4.3.1 Introduction to social considerations

There are several crucial reasons for focusing on social aspects in rebuilding. 

First, the impact of the rebuilding measures may dramatically affect social conditions, 
at various scales, from households and local communities to society overall (e.g. 
changes in fishery access, living conditions, distributional impacts and inequalities). 
While the costs of rebuilding are largely the consequences of chronic mismanagement 
and overfishing, which must be faced at some point, rebuilding may lead also to a local 
redistribution of wealth, opportunities and power as better equipped actors survive. 
In its wake, issues of equity and social justice in the distribution of benefits and costs 
become painfully prominent. This has potential impacts in terms of wellbeing, health, 
politics, etc., and economic indicators such as income, employment, and consumption 
are too narrow to capture the complexity of these human wellbeing considerations 
(Woodhouse et al., 2015). 

Second, deep depletion and collapse of fisheries call for significant and rapid changes 
in the legal, policy and management frameworks which, in the absence of specific 
safety nets, may be beyond the absorption capacity of the most vulnerable human 
communities, creating a high risk for their well-being. Thus, the influence of social 
conditions (e.g. family relations, work satisfaction, training, age distribution, local 
ethnic and cultural conditions, social cohesion) on this absorptive capacity may affect 
the efficacy of rebuilding policies and programmes (Rey-Valette and Cunningham, 
2003).

Third, in rebuilding, even more than in ordinary management, the full collaboration 
of the actors will be essential, and this strongly involves social considerations. A 
discussion of participation in rebuilding is provided below. 

Assessing and incorporating social aspects in fishery rebuilding involves considering such 
factors as (based on Rey-Valette and Cunningham, 2003): (1) socio-economic driving 
forces enhancing or reducing effectiveness; (2) income and employment, particularly 
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in poor communities; (3) inequalities (or equity) particularly for disadvantaged target 
groups (notably women, children, elders); (4) human development in terms of improved 
capacity and resilience; (5) the scale of human organisation at which the analyses are 
made (from the individual and the household to larger scales; (6) the societal values 
(ethics), goals and operational objectives; (7) the instruments used and their differential 
impact on people’s livelihood (e.g., user rights; incentives); (8) the expected and real 
costs and benefits and their distribution among groups of stakeholders (equity), (9) 
participation in decision-making and transparency in the decision-making process, and 
(10) characteristics of the communities. The latter includes dependence on fisheries (for 
livelihoods, food security, cultural identity), their vulnerability to significant changes 
in their access to fishing opportunities (limited assets; low malleability), and their 
resilience to such changes. Migrant fishermen will usually be more vulnerable as they 
tend to work full-time in fisheries and cannot count on part-time agricultural activities 
to support the household in case of reduction in fishing activities. At the same time, 
within fishing communities, women and children might be most affected. Furthermore, 
these communities may already have their own management measures and use rights 
(often neglected by central administrations).
    
The extent and nature of the social consequences of a collapse, and hence the stakes 
in a recovery programme, are highly case-specific and depend on: (i) the size of the 
nature of resource: small or large; of high of low value; shared or not; etc.; (ii) the 
production and its destination: local or international markets; for human or pet foods, 
or aquaculture feeds; (iii) the size and complexity of the investment: in catching and 
processing sectors, small- and large-scale; and (iv) to some extent, the political and 
governance system (from military-controlled to democracies) which also constrains the 
nature of the rebuilding options, the process used to select and implement them, and 
the equity in distribution of costs and benefits. 

4.3.2 Key social factors in rebuilding

Human scale from household to international institutions

Fishery rebuilding can involve levels of intervention and involvement from the 
individual, household and community through to national and international 
institutions, including the United Nations. However, the impact of rebuilding is likely 
to be felt most at the lowest scales of human organisation (by individuals, households 
and communities) and it is at these scales that vulnerability and resilience concepts 
have their strongest relevance. It is important, however, to keep in mind that fishing 
communities sensu stricto are not the only groups of people affected by rebuilding, 
the wake of which may propagate into the whole value chain and the broadest coastal 
community which may also suffer from perturbation in fisheries or benefit from them 
if that have different objectives and assets than fishers.

Equity

Accompanying the accounting of social benefits and costs of rebuilding, there is the 
ubiquitous issue of their distribution: equity. This is a key social (as well as economic) 
consideration as important in rebuilding as in fishery management more broadly. 
The distribution of costs and benefits is fundamental not only in terms of typical 
social goals, but also in determining buy-in and compliance with rebuilding regimes. 
Changes in the current distribution of benefits and costs are serious sources of distress 
and conflict. Thus, it is crucial to understand: Who receives the benefits? Who incurs 
the costs? How are benefits and costs distributed spatially and across the community 
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structure? When do the various benefits and costs occur (short-term versus long-
term tensions)? If the reduction of fishing pressure is minimized to reduce stress 
on communities, will it be sufficient to obtain rebuilding as expected? What is an 
optimal rebuilding time, satisfying requirements of equity across resources and across 
people while minimizing risk to the resources (and hence people)? What happens to 
those fishers excluded (temporarily or permanently) from the fishing activity by the 
rebuilding strategy? Is the pressure transferred elsewhere? What compensation will 
be available for lost livelihoods? What alternatives might be proposed? Overall, what 
possible strategies are considered fair? (based on Charles, 2010).

It will be recalled that in earlier sections on economic benefits and costs of rebuilding, 
most attention in the literature has been on aggregate (gross) benefits, without much 
attention to costs, nor to the distribution of benefits (and costs). Thus, most of the 
questions raised above were not addressed in that work. Yet it is very possible that 
increasing use of market-based mechanisms for fishery use-rights allocation could lead 
to transfers of fishing rights out of the hands of the poor – who become “losers” – and 
into the hands of a few rich “winners”. Furthermore, on a global basis, the real benefits 
may indeed be exported from poor countries to rich markets through international 
trade. 

Given this, caution is needed with decision-making about rebuilding, and in particular 
whether the set of involved ‘stakeholders’ is expanded beyond the local fishers and 
fishing communities. For example, wealthy entities may become involved to contribute 
the large investments needed for systemic rebuilding, and these stakeholders may well 
come from other quarters of society than the fisheries sector and the State. By bringing 
such players into the decision making, this may change significantly the distribution 
of costs and benefits, leading to less favourable outcomes for fishers, who may become 
a minority with weak political support and less bargaining power than the wealthier 
at the table. The risk for small-scale fishing communities and small-scale fishery 
businesses is that of dispossession of traditional rights and loss of livelihoods if robust 
tenure systems are not in place to maintain use-rights in the community.
 
The equity question becomes even more difficult to address in a regional context 
involving relatively poor and fishery-dependent coastal developing nations (in which 
small-scale fisheries and cash income through fishing rights if often a priority) and long-
range fishing nations (using exclusively large-scale fishing fleets for which profitability 
is a must). The rebuilding targets may have very different implications for the coastal 
and long-range parties which, however, in a regional environment, can generally only 
use negotiations on explicit biological rebuilding targets to try to achieve their implicit 
socio-economic ones, generating tensions. A case in point might be the management 
tuna fisheries in the South Pacific, within the WCPFC74 but the differences in socio-
economic objectives between parties is a reality in most RFMOs. 

The assessment of costs and benefits will also depend on the time frame of rebuilding, 
affecting people’s attitudes to the rebuilding strategy. Over a time-horizon of 50 years, 
Sumaila et al. (2012) calculated that rebuilding benefits would be 3-7 times higher than 
costs, but recognize that for the entire first 12 years, costs surpass benefits. Typically, 
such a situation represents an unbearable period of stress for current fishermen and 
their families (if not helped by the State), and a lack of equity across generations, since 
those in the future benefit at the cost of those today. 

74  Movick. J.T. 2017. Rebuilding fisheries in the Pacific Islands region- Presentation made at the FAO-FEG 
Side Event on Rebuilding fisheries for people and the environment. UNGA. New York, 5 June 2017.
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Participation

Participation is a social mechanism that should be fundamental in ordinary fishery 
management, and even more so in a rebuilding exercise where control, accurate 
information and reactivity are essential. Thus, it is important to view participation in 
rebuilding (as in other fishery management) as requiring suitable governance structures. 
There is also a need for social analysis to best design, implement, monitor and enhance 
participatory processes, so that suitable social science expertise should be utilized. 
There are many forms of participation possible in rebuilding efforts, including:

•	 Peer-to-peer surveillance: particularly when, as in Japan, the objective of rebuilding 
is to improve the benefits of the whole community. New technologies like VMS, 
GPS, cell phones, radar and internet may help foster that process (Nakanishi and 
Sugiyama, 2002);

•	 Voluntary measures. Self-imposed measures are more likely to be least-cost 
and therefore more likely to be adopted by fishers. This has been shown in 
Japan, where voluntary measures adopted by fishers’ organizations successfully 
supplement the national and prefectural regulations. Voluntary measures may 
be technically authorized or endorsed by the government, but higher-level 
endorsement is rarely sought because the official authorization (legislation) process 
is lengthy and burdensome, compromising implementation flexibility, and also 
because compliance is usually high anyway. For example, the 3-year moratorium 
on the sailfin sandfish fishery (Akita Prefecture) was voluntary (Nakanishi and 
Sugiyama, 2002);

•	 Consumer support. Consumer support through buying certified sustainable 
fishery products is not yet a well-established process, and consumer agreement 
not to buy a species during a moratorium is even less common. This happened, 
however, in the Akita sailfin sandfish rebuilding in Japan. During the 3-year 
moratorium voluntarily adopted by fishers, the community ceased to eat that 
species as a support to fishers, and to protect its market. After the reopening, 
market competition resumed, and prices decreased under imports from other areas 
of Japan and Korea (Nakanishi and Sugiyama, 2002); 

•	 Institutional adaptation. It will be argued (in Chapter 8) that it is preferable to plan 
the rebuilding process as a precautionary extension of the ordinary management 
system to put the social capital accumulated to good use. It should also be stressed 
that the adaptation needed should rather be developed from within with central 
support existing participative institutions than forced in from the top;

•	 Scientific support. Fishers can be involved in the identification and analysis of 
alternative rebuilding options. Their knowledge on the resources and the fishery 
system should be validated and used in the simulations. All objections should be 
considered, ranked and dealt with transparently.

Instruments used and their differential impact on people’s livelihood (incentives)

Rebuilding instruments, as all management instruments, are not “innocent”. 
Instruments may be technological (e.g. special gear); legal (legislation, regulations); 
economic (financial incentives and disincentives); social (cultural values, social pressure) 
and institutional (cooperatives, use rights, devolution, conflict resolution). These 
instruments aim at rebuilding, obviously, but may have different types of collateral 
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impacts variously affecting different components of the community. Adopting the 
“fishery” as the unit to rebuild (as opposed to the stock) would help integrating 
impacts of instruments across the three main dimensions of fisheries (social, ecological 
and economic). Usually multiple measures will be needed to balance rebuilding impacts 
across these dimensions. Special problems are created for rebuilding due to the high 
risk for resources and for people in a collapsed situation, thereby exacerbating existing 
attitudes and tensions (cf. Section 8.2).

4.3.3 A social perspective on the benefits and costs of rebuilding

Potential benefits and costs from rebuilding were discussed from an economic 
perspective in Section 4.2, while here the focus is on the social considerations. As 
with economic considerations, social benefits have been better studied than costs, and 
indeed, while the social costs of rebuilding may be significant, they have been rarely 
estimated.

Rebuilding Benefits

The social benefits of rebuilding arise through improved ecosystem services, particularly 
food supply and support for livelihoods (employment, revenue) along the value chain, 
as well as nutritional security and health. That impact is particularly important for 
the poorest communities (including migrant fishers’ communities) with little or 
no alternative outside of fisheries, so there may be a distributional benefit as well. 
Rebuilding fisheries would also help maintain functional rural communities in their 
environment, reducing urban drift and “deruralization”, and thereby increasing social 
stability. Healthy fisheries are also a source of interest for tourism and recreation, 
diversifying revenues in coastal areas. Food output and employment have been implicit 
policy goals in most fisheries for centuries and these goals will remain important in 
the developing world for decades, underscoring the need to maintain healthy artisanal 
fisheries which have been an effective regulator of excess manpower for decades of 
demographic and economic development (Béné et al., 2010). The increase in biomass 
and biodiversity, from fishery rebuilding, may have benefits in terms of adaptation 
of the ocean ecosystem to climate change, thereby increasing fishing community 
resilience (Berkes and Ross, 2012; Armitage et al., 2017).  

The role of fisheries as a provider of protein-rich food will increase with the crises 
expected in agriculture because of climate change (Godfray et al., 2010). Fisheries are 
of high importance for poor countries and island States that are extremely dependent 
on them for a large part of their supply of proteins and other essential nutrients. 
Accordingly, food security – which has been mentioned many times, in passing, in 
this document – is a key potential benefit to consider from rebuilding. Food security 
is not only a human benefit but a right and an absolute necessity. The Right to Food 
in enshrined in the 1948 Universal Declaration of Human Rights (Article 25)75 
which provides that everyone has the right to food and to security in the event of 
unemployment, loss of livelihood or other circumstances beyond his control. This right 
has been further defined in the following decades, and the understanding of famines (as 
dramatic failures of that Right) has shifted from being accidents driven by abnormal 
climatic conditions to situations resulting from ill-defined government policies (Sen, 
1981; World Food Summit, 1996; FAO, 2005). The right is also recognized in the 1966 
International Covenant on Economic, Social and Cultural Rights (ICESCR) which calls 
on signatory States to: (i) ensure that right; and (ii) take action to: improve methods 

75 http://www.un.org/en/universal-declaration-human-rights/ 
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of production, conservation and distribution; develop or reform tenure systems; and 
ensure equitable distribution of world food supplies. However, food security is a 
complex issue. It cannot be treated comprehensively in this section, but an effort will 
be made to indicate two opposing perspectives on the interaction of rebuilding and 
food security, here and under ‘rebuilding costs’ below.  

In terms of potential food security benefits, these are often equated with the difference 
between the MSY(s) of the depleted stock(s) concerned and the current landings (e.g. 
in Garcia and Newton, 1997; Grainger, 1999; Garcia and Grainger, 2005; Srinivasan 
et al., 2010; Costello et al, 2016). Such estimates reflect the idea of increasing food 
production, but they usually do not account for: (i) uncertainties in individual stock(s) 
MSY estimates; (ii) the natural fluctuations in MSY(s); (iii) biases in reported landings;  
(iv) interactions between target stocks of predators and preys which affects the value 
of any MSY and of their aggregation at national or global level, and (v) the loss of 
buying power (to buy food) of those who lose access to the resources through the 
recommended reforms. The consequence is that aggregated food security “losses” and 
trends and the potential benefits of rebuilding have a large unassessed variance76. 

Rebuilding Costs

Continuing the discussion of food security, the above approach to describing potential 
benefits of rebuilding raises two concerns in terms of social impacts. First, global food 
security figures do not speak to what is really important for human impacts (and 
sometimes tragically so) - local food security, which relates to access to fishery resources 
or markets and buying power in the fishery, and the community within which that 
fishery operates. Rebuilding, if not done carefully, could actually reduce local access to 
resources, supplies of food, revenues, etc. Second, there are both short-term and long-
term aspects of food security. Merely comparing current landings with a possible long-
term state (e.g., MSY) does not tell us about the impacts of rebuilding on food supply in 
the immediate future. Very often, rebuilding involves reducing or eliminating catches in 
the short term (typically for several years), in order to reduce pressure on the resource, 
so it can grow. There is accordingly less food available for those years. Depending on 
the fishery, this could have major negative impacts on food security, particularly when 
fishing communities use fish for their own subsistence. The problem is like the one 
encountered when creating marine protected areas (Westlund et al., 2017). 

Beyond the issue of food security, perhaps the major social cost of rebuilding – which, 
as noted in Section 4.2, could imply large reductions in fleet capacity – is the loss of 
access to traditional fishing grounds (due to a stock collapse or deep depletion), which 
is a serious blow to fishing communities. This loss of access may happen directly, 
e.g. through a fishery rebuilding moratorium, or even establishment of a no-take 
zone), but can also happen through policy measures, e.g. a process of market-based 
privatization of public resources, which is sometimes argued to be needed as part of a 
rebuilding program. In either case, there are cascading consequences: loss or reduction 
of livelihoods/employment, revenue flows to households, communities and coastal 
regions, buying capacity, social identity, resilience, health, etc. These impacts can result 
when fishing is cut back, with fleets and employment correspondingly reduced, having 
significant costs to coastal fishing communities in which fishing may well provide 

76  Srinivasan et al. (2010) using non-FAO data, estimated global catch losses to 9.1 (range: 6-36) million 
tonnes or 17% (range: 7%–36%) of the actual tonnage landed in 2000, estimating that 20 million people 
might have been affected in their food security. Srinivasan et al. (2014) revised this figure to be 36 million 
tonnes and 66% of that tonnage. Costello et al., (2016) estimated the global potential to 98 million tonnes 
and present depletion losses to 18 million tonnes (22%).
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a last-resort livelihood for the poor. The induced costs include those involved in 
developing alternative livelihoods and setting up social and economic safety nets for an 
unknown but long time. 

Of course, this may be happening precisely where overfishing and collapse of fisheries 
already had devastating economic impacts for the same coastal communities – certainly 
in developing countries but also, for example, in Canada (McCay and Finlayson, 1995). 
As an example, when Canada instituted a moratorium on cod fishing in 1992, following 
its cod stock collapse, 40,000 fishermen and other workers became unemployed, at a 
cost to the Canadian government (in financial support) of more than CAN$ 4 billion 
(i.e. 2.8 billion US) over a 20-year period. With the collapse of the cod, many harvesters 
were forced to give up fishing; thousands of individuals have left the fishery for work 
in other trades or professions, and in many cases, other parts of the country (MPA 
News, 2003). 

It is important to highlight two associated concerns in fishery rebuilding. First, as noted 
above, there are tendencies in some quarters to advocate market-based privatization 
of public resources as a policy path needed as part of a rebuilding program. The 
implications of loss of fishery access, described above, call for caution before jumping 
into policies such as these. In fisheries which have collapsed because of inadequate 
science and are neither unmanaged nor under open access (Ostrom, 1999; McKay 
and Finlayson, 1995), correcting overfishing does not necessarily imply the need for 
privatization and exclusion of people. In fact, stock collapses do not happen solely 
in open access non-managed fisheries –the Canadian cod being a case in point– and 
therefore the solution may not automatically call for market-based rights, if a broader 
set of objectives are adopted (McCay and Rudel, 2012). In any case, community-based 
rights, jointly owned, would reduce the risk to see poor fishers dispossessed of their 
rights through the market during a financially stressing transition period. 

Second, in the developing world, the labour-buffer function of small-scale fisheries 
(Béné et al. 2010), i.e. the capability of the fishery to absorb surplus labour, plays a 
crucial role in providing for human welfare, as well as social stability. Narrow advocacy 
for rent maximization as the sole objective to accompany rebuilding, as is suggested 
by some, comes with great risks. Not only are the welfare and stability functions 
threatened, but those authors show that such actions have a monetary cost as well – if 
50 percent of the labour-buffer function of small-scale fisheries were eliminated, by 
reducing fisher participation in an attempt to extract the economic rent that could 
potentially be produced, this would cost the relevant States about USD 61 billion/year 
(Béné et al., op. cit.). That cost would presumably have to be sustained until alternative 
livelihoods have been generated or fishery-dependent populations have declined or 
migrated to richer countries where safety nets might exist. The estimate is no more than 
a ballpark figure but, if its order of magnitude is correct, it indicates that the potential 
rent of world fisheries has not been “sunk” or “lost” (as implied in World Bank and 
FAO, 2009) but de facto invested in a very important labour-buffer system, particularly 
in developing countries and for poor rural communities. 

It is important in this respect to realize that investing preferably in more effective 
technology and future rents often implies disinvesting on people, reducing the value of 
the human capital. While employment is a central concern and full employment is an 
explicit objective in all countries, particularly in developing ones, it is considered as a 
cost in most bioeconomic models used in fishery management (cf. Charles, 1989 for an 
exception).  Obviously, correcting overfishing through rebuilding requires cutting on 
both fishing power (technology) and employment, requiring in most cases a temporary 
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intervention by States (safety nets). But between rebuilding at MSY and at MEY, a 
trade-off exists between rents and employment and the final strategic choice depends 
on national as well as local considerations.

While in some cases, the labour-buffer function may not be sustained when overfishing 
becomes chronic, without a major change in management practices, or unless 
supported by subsidies (which use funds that are then unavailable to provide other 
public services), a key issue remains in developing nations. As Béné et al. (2010) note, 
the economic and institutional conditions inside and outside the fishery sector are not in 
place to ensure the effective ‘capture’ and redistribution of this rent in most developing 
countries and suggest a gradual approach whereby the welfare function of small-scale 
fisheries, that is, their capacities to provide labour and cash-income to resource-poor 
households, should be preserved until the appropriate macro-economic conditions for 
rent-maximisation and redistribution are fulfilled. 

In terms of rebuilding strategy, this issue implies that, when vulnerable communities 
are threatened, some assistance from the State will be necessary (e.g. in the form of 
compensations for lost livelihoods and social and economic safety nets)77 to improve 
the human conditions during the transition phase and avoiding the emergence of 
acute poverty78. That assistance should be used as much as possible to re-structure the 
sector, helping to mitigate the collapse consequences while at the same time putting in 
place measures that will avoid sliding back after rebuilding has been completed. The 
strategy, in these cases should be one that optimizes rebuilding while minimizing stress 
on livelihoods. 

Finally, in terms of social rebuilding costs, it should be noted that working conditions 
may worsen in periods of high unemployment as fishers and related workers, e.g. in 
processing, come under pressure to maintain or find employment in an environment 
of cutbacks, and may be forced to accept undesirable working conditions. The impact 
may relate to: (i) increased work-related accidents: due to aging equipment subject 
to breakdown and with reduced maintenance; under-sized and under-trained crew; 
absence or non-use of safety equipment or arrangements; problems with landing 
equipment or port installations (ii) diminished labor law: illegal termination of 
employment and/or lack of work contracts, insufficient transparency in share systems 
or in payment arrangements to crew; (iii) precariousness of work, e.g. weakness 
in training and absence of on-the-job training, or poor seasonal employment; (iv) 
length and harshness of work periods, e.g. longer trips and more rapid turnaround, 
thus restricting rest periods, or increased tasks onboard related to processing, lack of 
protection against noise onboard, lack of sanitary equipment onboard.

4.4 HUMAN DIMENSIONS OF REBUILDING: CROSS-CUTTING ASPECTS

It was noted earlier (Section 4.3.1) that the human dimensions of fisheries rebuilding 
were unlikely to be different from those identified as relevant for fisheries management 
in general or for conservation. Addressing human dimensions of management of 
human communities (in conservation and fisheries, including rebuilding) many 
“lessons learned” have been identified (see references below). In this section, we will 
discuss very briefly some of these lessons that are relevant to rebuilding. 

77  E.g. in terms of temporary welfare; unemployment benefit; promotion of additional or alternative 
income generating activities (AIGAs)

78 http://www.worldbank.org/en/topic
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Entry points

Adequate ‘Entry Points’ into the human dimensions question could be (drawing on 
De Young et al., 2008): (i) Identifying people’s objectives as driving forces behind 
their attitude to sustainability and rebuilding; (ii) Addressing both costs and benefits 
of rebuilding to individuals and society; (iii) Identifying the social, economic and 
institutional properties of available rebuilding  instruments (e.g., incentives; use rights); 
(iv) Recognizing that human dimensions can play supporting or constraining roles in 
acceptance of and compliance with rebuilding efforts; and (iv) Developing an effective 
governance with meaningful participation is a key. 

Balancing multiple objectives

The idea of Pareto Efficiency79 is to find an equilibrium point or ‘frontier’ that 
effectively balances among multiple objectives, avoiding excessively low levels in any 
objective. This approach might be a pragmatic way to balance between ecological, 
economic and socials goals and constraints in fishery rebuilding. A recent analysis by 
Jacobsen et al (2016) in five Large Marine Ecosystems (LMEs), with well-managed 
fisheries, measured the Pareto Efficiency of these fisheries, in relation to yield, profits 
and ecosystem objectives. They conclude that three LMEs (North Sea, Barents Sea and 
Benguela Current) are nearly Pareto efficient in terms of yield and ecosystem impact 
after progressive reduction of ecosystem impact since the 1980s, at the expense of 
total yield. Two LMEs (Baltic Sea and North-East US Continental Shelf) are Pareto 
inefficient and would require reductions in fishing pressure to improve efficiency. They 
also found that, in economic terms, the North Sea and Baltic Sea LMEs could improve 
efficiency and that win-win opportunities remain in profits and conservation. This 
analysis may be the first to analyse fisheries efficiency at an ecosystem level; it offers 
an example of the sort of analysis that might be developed to utilize when analysing 
and comparing rebuilding strategies. However, to achieve the goals of sustainable 
development (and triple bottom line thinking), as well as to meet the CBD criteria 
for sustainable use of biodiversity, i.e. to maintain ecosystem structure and function, 
such an approach would need (i) to fully incorporate social objectives, and (ii) find 
suitable means to specify the CBD requirement formally (cf. Garcia et al., 2010, 2012, 
2014; Zhou et al., 2014). If these issues were resolved, nearness to the Pareto Efficiency 
Frontier could be a potentially useful criterion for rebuilding strategy evaluation.

Driving forces enhancing or reducing effectiveness

Many social, economic and institutional factors may affect the outcome of a rebuilding 
programme. These factors may be internal to the community: e.g. its composition, 
nature, history, capacity, resilience, political inclination, livelihood, lifestyle (migrating, 
sedentary); tenure system; consumption habits. They may also be external to it: 
political system; political commitments to comply with international commitments; 
coordination of environmental and fishery policies; demography; general economy; 
existence of conflicts; climatic and other catastrophic events; “deruralization” and 
migration flows towards urban centres and coastal areas; urbanization and degradation 
of coastal areas; pollution and contamination. These factors support or constrain 
rebuilding efforts, buy-in, capacity to collaborate, perception of the future, degree of 
compliance with harder measures, capability to move to other activities (malleability). 
The list of potential factors driving fisheries managers, a fishing or coastal community 

79 Pareto efficiency: a state from which it is impossible to improve with respect to any of the pursued 
objectives without regressing with respect to at least one of the others.
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or a society in a rebuilding process is extensive and so is the type and extent of reaction 
to them by people. Furthermore, all the drivers are present within a dynamic system, a 
social-ecological system that is never in equilibrium. In fisheries that have reached deep 
depletion levels, the changes that have taken place are not necessarily reversible, and 
the nature of the complex systems and the uncertainty of rebuilding pathways imply 
that there may be social and economic impacts which have not been addressed yet, and 
indeed may yet to be properly understood. 

Costs and benefits 

Costs matter as much as benefits (Charles and Wilson, 2009) and both need to be 
identified early in the process. Two sets of key questions are: (1) What are the key 
socio-economic drivers and constraints conditioning the rebuilding options? What 
are the spatial/temporal scales (the individual, the household, the fishery, the local 
community, etc.), and eventual cross-scale interactions?  What are the spatial and 
temporal considerations and their impacts? (2) What are the socio-economic costs 
and benefits of the alternatives? How much more (or less) yield, value, employment, 
stability, etc. will the rebuilding process generate compared to the status quo or 
business-as-usual management strategies? What are the metrics of measurement – e.g. 
money, jobs, political turmoil and other factors? How could non-market and cultural 
benefits and costs be approached and realistically integrated?. 

Potential costs, real or perceived, are a strong disincentive for rebuilding, particularly 
the immediate costs. Most studies of rebuilding limit the analyses to income and 
employment (Rey-Vallette and Cunningham, 2003) but special attention is needed to 
disadvantaged groups, and distributional impacts (winners and losers) – see below. 
Furthermore, assessment of alternative rebuilding trajectories must consider not only 
their direct costs to fishers (the value of forgone catches and of the vessels; additional 
costs due to changes in the fishing activities, displacement, reconversion; potentially 
irreversible loss of markets) but also their opportunity costs (of alternative use of 
their skills; of moving out on other economic activities). Other costs rarely accounted 
for in economic analysis relate to behavioural change eventually induced by the new 
regime, depending on the capacity of the communities to absorb its impact. Such costs 
include those from: (i) increased non-compliance (IUU); (ii) potential civil turmoil; (iii) 
involvement in illegal activities (fisheries-related organized crime) such as sea piracy, 
involvement in immigrants, arms and drug deals; increased IUU). These have been 
occasionally observed but are not reported in the fishery literature.80 

Distributional effects 

Distributional effects of the rebuilding process tend also to be underplayed in most 
analyses. They relate to:  (1) how benefits and costs are to be distributed among actors, 
categories of fishers, fishers and other actors, i.e. who are the winners and the losers 
and how can a suitably equitable balance be established (cf. Charles 2010); (2) creation 
of a small club of “winners” and a much larger number of “losers” through business 
reforms and concentration, as well as through the eventual transfer of rebuilding 
benefits from the developing to the developed world, e.g. through international trade 
of loans. In terms of equity issues, in some arrangements, existing fishers bear in the 
short term the massive costs of reducing “excessive” capacity while, many years later, 
a much smaller number of privileged rights owners will draw all the benefits. Adding a 
perception of discount rates to this may explain the reluctance of fishers to undertake 

80  But see http://www.unodc.org/unodc/about-unodc/campaigns/fisheriescrime.htm 
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costly rebuilding programmes unless adequate compensations are provided, or a 
collapse eliminates all other alternatives. 

Diversity of situations 

It is expected that the potential social and economic costs and benefits of rebuilding, 
through changing management practices, e.g. by returning to FMSY and BMSY or 
focusing economically on rebuilding to FMEY, differs considerably among regions and 
countries, affecting the validity of many global conclusions for any country. Moreover, 
many global costs and benefits estimates need to be taken with a good pinch of salt 
because they generally neglect many interactions, such as: (1) the relation between 
supply, demand and price, if stocks rebuild as expected; and (2) the interactions 
between species in the trophic web, the accounting of which would significantly 
increase the uncertainty and the probability of counter-intuitive and negative outcomes 
of rebuilding efforts (Agar and Sutinen, 2004; Larkin et al., 2011). In addition, until 
recently, the rebuilding economic analyses at best recognized that the reform would 
have political, social and economic costs but did not assess them (e.g. in Garcia and 
Newton, 1997; World Bank and FAO, 2009). For these reasons, there is a need to 
analyse rebuilding costs and benefits and their distribution case-by-case and to proceed 
cautiously and progressively, identifying pathways based on consensus, transparency 
and equity (Wold Bank and FAO, 2009: xxi).

Furthermore, strategic differences in rebuilding approaches may be needed between 
developed and developing nations as well as between small-scale and large-scale 
fisheries. The most radical and allegedly most economically effective reforms might be 
impractical in most developing countries. Their small-scale fisheries –many of which 
are essentially subsistence fisheries or fisheries supplying the local markets– represent 
a major component of their fishery system. No national social security or other 
safety nets exist in most cases and little or no alternative sources of livelihood and 
food security are available. The feasibility of the needed rebuilding may require very 
carefully considered strategies and trajectories to minimize the stress to populations, 
reduce the risk to be dispossessed of their traditional rights and livelihoods, adopt time 
frames for rebuilding that balance risks to the resources and the coastal communities, 
protecting particularly vulnerable ones. 

Scale and fishery systems

A ‘fishery system’ approach to rebuilding is needed. Depletion has impacted many 
important fisheries and, probably, a large part of unassessed resources. It affects not 
only the capture segment of the fisheries but the entire value-chain. Finally, it can be 
argued that depletion of natural resources and their rebuilding is not just a matter of 
relevance to the fishing community (in its broadest sense) but to the whole society. 
A more systemic approach, across the fishery ecosystem and value chain aiming at 
optimizing the long-term contribution of fisheries to social welfare should be the 
framework within which each fishery rebuilding programme should be nested, making 
economies of scale, addressing interactions between fisheries, between capture and the 
rest of the value chain, between fishery policy and other national overarching policies. 
This broader view of rebuilding outlines a more realistic but more difficult endeavour. 

Local and community issues

It was noted earlier that the impacts of rebuilding may be especially great at a local 
level, e.g. within fishing communities and coastal areas. Given this, there is a need to 
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ensure better support to communities to facilitate (foster) their effective participation 
in assessments, decision-making and implementation. This will require, in turn, 
coherent programmes (and clear guidelines) and capacity support for recovery efforts, 
as well as eventual alternative livelihoods, relocation opportunities, estimation of 
compensation locally, and suitable and equitable eligibility criteria for who will 
benefit from that compensation. Alongside that, and in keeping with good governance 
principles (UNDP, 1997), there is a need to encourage local leaders, local participation, 
engagement among the principal actors, as well as with non-principal actors (e.g. 
non-fishers; fishers from neighbouring fisheries, or neighbouring States (if shared or 
migrating stocks). 

A major issue locally and in small-scale or community-based fisheries generally, is to 
deal with a lack of secure tenure for fishing communities, compounded by conflicting 
policies and enforcement issues. One concern relates to the displacement of fishers 
from areas subject to rebuilding (an issue also with implementation of MPAs). This 
can increase fishing costs and risks, and there is a challenge of relocating people to 
other areas or activities in manners that may affect people already operating in those 
areas. Another related concern is the threat that if rebuilding is accompanied with other 
policy changes, e.g. privatizing use rights (as in ITQs), then local communities may be 
dispossessed of their rights. Maintaining the rights in the community, to avoid their 
capture by wealthy players outside the local area, may well be needed for the success 
of rebuilding. Community-based rights would be an insurance against dispossession.
 
Finally, in terms of local issues relating to rebuilding, there is the classic issue of using 
local ecological and technical knowledge in fisheries – and not only in SSFs in the 
developing world, but worldwide. It is important to recognise that even while many 
management agencies have insufficient capacity to assess local resources and fisheries, 
and thus to monitor progress of the rebuilding process, at the same time there is often a 
justifiable pride in the local and fisher knowledge built up over time in the community. 
Utilizing all sources of knowledge, in a participatory manner, can be key to success in 
rebuilding. 

4.5 TAKE-HOME MESSAGES ON HUMAN DIMENSIONS

Fisheries are social-ecological systems and their natural and human dimensions 
are strongly interconnected, co/evolving through fishing operations, management 
and, when needed, rebuilding and ecological restoration. Costs and benefits, values 
and beliefs, traditions and modernization, objectives and constraints, services and 
obligations, community assets and private rights, are some of the axes along which 
human dimensions create tensions and call for difficult trade-offs. 

Fisheries have been providing substantial and essential net benefits to humans 
for centuries –in terms of employment, food supplies, revenues, livelihoods and 
recreation– that may be reduced or lost, through depletion or collapse. Global and 
local societal values of sustainability, environmental preservation and human wellbeing 
as well as overriding policy goals on environmental, economic, or foreign policy 
matters, have driven the concern about depletion, the demand for rebuilding and the 
strategy adopted in response. Accounting explicitly for socio-economic implications 
of management (and depletion and rebuilding) is exceptionally a formal requirement 
of law (e.g. in Australia where economic performance and MEY has been adopted as 
management objective and rebuilding reference value). 
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Economic considerations

An economic perspective on fisheries rebuilding is necessary to: (1) replace rebuilding 
in its more general management concept; (2) increase rebuilding strategies’ focus on 
economic performance; (3) justify the investments required; (4) raise awareness and 
support financial institutions; and (5) increase consensus on the need for rebuilding. 

In simple terms, based on the basic well-established economic theory of fisheries 
management, economic rebuilding may typically aim to return to maximum yield, 
revenues, rent and employment. However, there are inherent tensions between 
rebuilding objectives, and difficult trade-offs are needed (e.g., maximum rents cannot 
be obtained together with maximum sustainable employment). Much of the analysis 
to date has been based on simple biological models, in relation to single stocks or 
fisheries (at capture-level), with little or no attention to additional multispecies and 
ecosystem considerations). In reality, however, the economics of rebuilding should be 
based on integrating the interactions between species (in ecosystems and in markets) 
and between fisheries in the same sector and ecosystem. Rebuilding considerations 
may be necessary as well, not only in the harvesting sector, but across the value chain 
level (including processing, distribution and trade, and consumption) – even though 
these system components tend to be less specialized as one moves from capture to 
consumption, with easier substitution, which may dampen the effects of depletion, 
collapse, rebuilding and collapse.

In considering the costs of rebuilding, conventional fishing and related costs (direct, 
indirect and opportunity costs) are well established and studied, but the total costs 
of rebuilding to society are just beginning to be addressed. These costs, in reality, 
mirror those of depletion. In other words, the cost of rebuilding is, de facto, the cost 
of depletion in the first place. Further, it is usually higher than the cost of avoiding 
depletion through good management, even when special rebuilding costs may be 
incurred. Major categories of costs include the long-term reduction of fishing capacity 
(a huge cost at the global level but also at the national level, especially in cases where 
open access was prominent) and the reduction of employment, when needed (which 
is loaded with social issues, particularly for vulnerable communities in the developing 
world). 

The benefits of rebuilding are now well known, at least at the capture level of the value 
chain. Globally, a modest increase in yield is expected but a much larger increase in rents 
may be expected if that is the objective, yielding billions at global level, and millions 
at national level. The total cost of this depends on whether the objective of rebuilding 
is the extraction of maximum rents (MEY) or a societally acceptable balance between 
rents and employment (between MEY and MSY). Their scale may be similar to that of 
the benefits when all the costs are considered, including financial compensations, safety 
nets, and the cost of alternative employment opportunities, unless the process takes 
place in a particularly favourable development context.  

Overall, performance may be measured by long-term Net Present Value, but only 
if the ‘value’ includes all relevant aspects. Notably, non-market values vary between 
stakeholder groups and are difficult to estimate accurately and integrate. In particular 
cases where extensive data is available, bioeconomic analyses may be useful to explore 
possible rebuilding pathways and strategies, the costs and benefits of rebuilding and 
their distribution, the tensions between potential outcomes, and the potential trade-
offs and acceptable options.
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Social considerations

The impact of rebuilding measures may dramatically affect social conditions, at various 
scales, from households and local communities to society overall (e.g. changes in 
fishery access, living conditions, distributional impacts and inequalities). Rebuilding 
affects not only the amount of wealth that can be extracted during the process, but 
also its distribution among actors, in the short- to medium-term during the rebuilding 
process as well as in the long term when allocations are permanently modified, and 
the matter of who “survives” is crucial. Most importantly, fisheries collapses call for 
significant and rapid changes in the legal, policy, economic and management contexts 
which, in the absence of specific safety nets, may be beyond the adaptive capacity of the 
most vulnerable human communities. This risk may be better appreciated and partly 
mitigated through empowerment of the actors.

Key lessons include: (1) Socio-economic driving forces may enhance or reduce 
rebuilding effectiveness;  (2) Adopting the right scale of human organisation for the 
analyses is important, and the scale at which most costs will be incurred is fundamental; 
(3) Societal values (ethics) should help frame broader goals and operational objectives, 
again at the appropriate scale;  (4) Income and employment are essential concerns 
in poor communities; (5) Rebuilding instruments are rarely neutral and may have 
differential impacts on people’s livelihood; (6) Distribution of costs and benefits among 
impacted stakeholders (equity) is as important if not more than their value, and this is 
a crucial factor for disadvantaged target groups, notably women, children, elders and 
migrants; and (6) Appreciation of the characteristics of the communities concerned and 
their active participation in the decision-making process are sine qua non conditions of 
success, such that development of capacity for that purpose is essential. 

The extent and nature of the social consequences of a collapse, and hence the stakes in a 
recovery programme, are highly case-specific and depend on: (1) the size and the nature 
of the resource (small or large; of high of low value; shared or not; etc.); (2) the type 
of production and its destination (local or international markets; for human or animal 
use, e.g. aquaculture feeds); (3) the size and complexity of the investment (in catching 
and processing sectors, small- and large-scale); and (4) to some extent, the political and 
governance system (from military-controlled to democracies) which also constrains the 
nature of the rebuilding options, the process used to select and implement them, and 
the equity in distribution of costs and benefits.

Social benefits of rebuilding stem from ecosystem services and include food supply, 
recreation, livelihood, community stability. Social costs of rebuilding include: (1) Loss 
of part or all these benefits (in case of total exclusion); (2) a temporary or permanent loss 
of traditional assets (including fishing grounds); (3) Increased work-related accidents 
due to increased poverty (e.g. reduced maintenance of the boat and safety equipment, 
and longer travels to farther and less known fishing grounds); (4) New problems with 
decaying landing equipment or port installation; (5) Reduced compliance with labor 
law and increased precariousness of work; and (6) reduced salaries as labour supply 
overtakes demand (as access to resources declines). 

Most of these costs, if not all, are depletion costs which, without rebuilding, would 
have occurred anyway, at some point and could have been partly avoided and better 
distributed in time through better and more timely management and/or fishing 
practices.
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Special attention should be accorded to: (1) Migrant fishers which tend to lack land-
based assets and are often exclusively dependant on fisheries for livelihood; (2) The 
impact of privatization (through fishing rights allocations) on redistribution and 
dispossession of assets in the rebuilding process; (3) the risk of disappearance of the 
labour-buffer function of small-scale fisheries in rural areas. 

In the developing world, the economic and institutional conditions inside and outside 
the fishery sector may not be conducive to an appropriate capture and redistribution of 
the rebuilding rent that may be generated by fundamental reforms. This suggests that, 
even in the course of rebuilding depleted resources, the small-scale fisheries’ capacity 
to provide labour and cash-income to resource-poor households should be preserved 
until appropriate macro-economic conditions for rent generation and redistribution 
are fulfilled. 

The rebuilding process is affected by driving forces. Internal driving forces relate to 
the fishers’ community, its nature, composition, history, capacity, resilience, political 
inclination, livelihood structure (dependency level), lifestyle (migratory, sedentary); 
tenure system; and consumption habits. External driving forces include: the type 
of political system; leaders’ political commitments to comply with international 
commitments regarding resources and human rights; the coordination of environmental 
and fishery policies; the local demography; the general economy of the region or the 
country; the existence of ethnic or economic conflicts; climatic and other catastrophic 
events; “deruralization” and migration towards urban centres and coastal areas; 
urbanization and degradation of coastal areas; pollution and contamination.

In the end, economic and social benefits and costs of depletion and rebuilding are 
highly correlated –  sometimes synergistic, sometimes antagonistic. The availability and 
amenability of the fishery sector and fishing communities to undertake and participate 
actively in a rebuilding programme depends on the way in which the issues mentioned 
above are addressed.
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5. Governance framework

Governance has been defined in many ways. A synthetic and systemic definition is: the 
exercise of economic, political and administrative authority that encompasses: (i) The 
frameworks, i.e. the infrastructure of socio-political economic and legal institutions 
and instruments, as well as decisions on who is to be participating in the governance; 
(ii) The policy i.e. the guiding values, principles and high-level goals of the sector, 
both conceptual and operational; (iii) The strategy with the operational objectives, 
indicators, and ways (approaches) and means of organisation and coordination to 
achieve them; and (iv) The implementation plan with its specific targets, the nature and 
modus operandi of the processes, the actors in their respective roles, and measures, 
as well as the control and surveillance details, the performance appraisal and adaptive 
processes (slightly modified from Garcia, 2010). The degree of participation in the 
process depends on national political systems. 

The terminology may vary between countries as well as the components of what we 
call here “policy”, “strategy”, and “plan”. But overall, the sequence of what needs to be 
done is the same everywhere. Most often, the policy incorporates the legal requirements 
and provides the framework for the development of a strategy that requires a plan to 
be implemented. The problem is that the policy-strategy-plan sequence leading from 
decision to action takes place at different levels of governance (e.g. global, national, 
local) so that the policy guides the strategy, but lower-level policies may be necessary 
to implement a higher-level strategy. 

In general, however, the rebuilding policy is decided at top decision-making level 
(Government and Ministry) with little direct involvement of the actors beyond 
lobbying. The rebuilding strategy and the implementation plan are usually elaborated 
at the level of delegated agencies and Departments with significant participation of 
representative bodies of the sector and civil society. Their developments are closely 
related and sometimes undertaken together, with feed-back loops between the two 
processes as strategic and practical considerations interact. Discussions on strategy 
and plans tend, therefore, to overlap. In practice, it is also possible to consider the 
development of the rebuilding plan as including a strategic planning phase which 
would produce the strategy and would be followed by an implementation planning 
phase which looks at practical implementation details. 
  
In fisheries, global policies and strategies are formulated in generic terms at the level 
of international institutions (UNGA, FAO, CBD, and the World Bank) and are 
eventually transcribed into federal or national policies, in fisheries and conservation, 
for inland, territorial or EEZ waters, for national, shared or straddling stocks, etc. 
down the implementation path. Typically, the fishery management strategy is a core 
element of the policy that (1) summarises the process for monitoring and assessing 
the stocks’ condition and (2) sets the rules that control the intensity of fishing 
according to the biological or economic conditions of the stock (called control rules). 
In defining these rules, it articulates in practice (gives effect to) the main approaches 
and instruments used: EAF/EBFM, Ecological risk assessment (ERA), Precautionary 
approach, input or output controls, MPAs, economic incentives, etc. On the other 
hand, and to complicate matters and terminology a bit more, a policy may be adopted 
to establish what the strategy is. For example, the Commonwealth Fisheries Strategy 
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Policy is a policy that states components of all fishery strategies to be elaborated in 
the Commonwealth jurisdiction: e.g. (1) F should be below FMSY and catch below 
MSY; (2) Reduce F if B is below 0.4B0; Stop targeted fishing if B falls below 0.2B0; 
(3) avoid overfishing and overfished stocks with 80-90 percent probability and apply 
the precautionary approach in case of uncertainty; (4) advocate the use of these rules 
as “best practices” in international fisheries in which Australia is a party (Australian 
Government, 2007).

With respect to rebuilding specifically, we can view policy, strategy and plans as follows:

The Policy gives the high-level goals and constraints and the articulation with other 
overarching national policies. It may be sector-wide and some of its elements (e.g. 
maximum rebuilding time; post-rebuilding provisions) may be fixed in law. 

The Strategy gives the specific rebuilding objectives, constraints and approaches, i.e. 
the frames of the rebuilding implementation that would require policy decision to be 
changed. Its characteristics depend on the types of resources concerned. 

The Plan, articulates the tactical aspects of implementation of the policy, the means 
needed to reach these objectives, the interim targets, the role of the actors, the 
institutions at play, the “rules of the game” (regulations, enforcement and penalties), 
including the formal process of evaluation of the outcomes and of the strategy itself. 
It may need some specific regulations but should be rapidly adaptable without 
intervention of the policy decision level. Each plan is fishery specific even though 
blueprints may be developed at resource-type level. 

The task of governance in a rebuilding regime, as in ordinary management regime, is to 
enable the elaboration of the best (most effective and efficient) policies, strategies and 
plans and to oversee their implementation and performance, triggering changes in the 
policy or legal frameworks as needed.  

Lessons from the history of fisheries worldwide indicate that the most important factor 
of success or failure is governance, with more impact on fisheries performance than 
the nature of the resources, the fisheries operations, the market or the data and science 
available. The same applies to rebuilding, with a caveat: environmental factors which 
in “normal” situations, with reasonable levels of fishing and stocks, are secondary 
controls responsible for fluctuations in production and revenues, may operate, for 
deep-depleted stocks, as absolute switches between rebuilding success and failure.

Smooth implementation of policies and strategies requires the support of a legislative 
framework. Legal and policy frameworks exist both al global, regional and national 
levels under various forms. In the following sections, we will look at the high-level 
principles, the legal and policy frameworks within which rebuilding takes place, and 
the rationale of a rebuilding regime.

5.1 PRINCIPLES

The high-level principles of rebuilding are not that different from those of 
good fisheries management.  Because of the risks, costs and benefits involved in 
rebuilding, Good Governance principles should be applied, notably: (i) Legitimacy: 
representation, participation, empowerment, consensus-building, definition of roles; 
(ii) Direction: strategic vision; (iii) Performance: responsiveness, effectiveness and 
efficiency; (iv) Accountability: Legal responsibility; communication, transparency; 
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(v) Fairness: equity and rule of law (Graham et al., 2003). More specifically, fisheries 
rebuilding should be: 

1. Sustainable: obviously, fisheries rebuilding should be sustainable, avoiding the 
risk of sliding-back to depletion and degradation once the rebuilding regime is 
over;

2. Responsible: following the FAO Code of Conduct for Responsible Fisheries, 
rebuilding of the resource system, fishery economy and the peoples’ livelihoods 
should be pursued in concert. The State is responsible for rebuilding, as reflected 
in the LOSC and the CBD;

3. Coherent: the legal and policy frameworks developed for fisheries management 
and biodiversity conservation interact, explicitly or implicitly, in situations 
of severe depletion. Development of a legal and policy frame for rebuilding 
integrating the two is essential to reduce institutional and improve outcomes 
(OECD, 2012); 

4. Equitable: the costs and benefits of rebuilding should be equitably allocated, in 
space, in time, and between stakeholders. The access to information, appeal and 
judicial processes should be ensured for all concerned;

5. Reasonably systemic: while focusing on the depleted elements, it should consider 
interactions within and between the human (fisheries and other economic 
activities) and natural (species interactions; environmental drivers) sub-systems 
of the ecosystem81, to foresee and correct or mitigate the most likely cascading 
effects and feed-back loops, identifying potential synergies and perverse collateral 
impacts;

6. Risk-adverse: uncertainties and risks for the depleted resources and endangered 
communities should be explicitly assessed. Rebuilding resources and supporting 
dependent communities are priorities. Awareness, reactivity and flexibility are 
indispensable;

7. Formally planned: at national level and within the mandatory management plans, 
or as a special regime, with coherent objectives, consistent instruments (used in 
ordinary management or specific to the case and initiative).

More discussion about rebuilding principles is available in OECD (2012).

5.2 LEGAL FRAMEWORKS

The legal framework provides the instruments that define the rules for what can be done 
or not, and to some extent, also how can this be done. Legal and policy frameworks 
work in interaction and some important policy matters (e.g. the time allowed to rebuild 
a stock) may be framed in law to underline its mandatory character, reinforcing the 
policy. The function of the legal framework is, inter alia, to make the rules, to make 
them explicit, and through them to reduce interaction costs between stakeholders 
by specifying the right and the cost of non-compliance, avoiding lengthy and costly 
controversies, and providing the basis for rapid conflict resolution. It is particularly 
important in the difficult situations found in rebuilding initiatives. 

81  In this book, we take the humanist (integrative) perspective and definition of the ecosystem which 
includes humans and hence might be conceived as composed of two interacting human and natural or 
ecological sub-systems.
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The international and national legal frameworks are connected, since national legal 
issues may be raised at the international level to receive a general solution and most 
international legal agreements need to be translated into national law and regulations 
to be effectively implemented.

5.2.1 International level

At the international level, the two most relevant legal frameworks that connect fisheries 
and biodiversity conservation, and together make rebuilding of overfished target and 
non-target resources as well as living habitats an obligation are:

•	 The Law of the Sea Convention (LOSC) was adopted in 1982 and came into force 
since 1994. It considers rebuilding in Art 61.3 which states that conservation and 
management measures shall also be designed to maintain or restore populations 
of harvested species at levels which can produce the maximum sustainable yield 
(emphasis added). Article 61.4 extends that obligation to associated and dependent 
species with the view to maintaining or restoring populations… above levels 
at which their reproduction may become seriously threatened. The LOSC also 
provides for international rules for managing transboundary or High Seas stocks 
and hence is also the frame for their rebuilding;

•	 The Convention on Biological Diversity was adopted in 1992 and must be 
implemented consistent with the Law of the Sea convention. It stresses inter alia 
the need for maintenance and recovery of viable populations (Preamble, emphasis 
added) and defines sustainable use as a use which avoids long-term declines. Article 
8g provides that Parties shall rehabilitate and restore degraded ecosystems and 
promote the recovery of threatened species… The Conventions stresses the need to 
avoid or minimize adverse impacts on ecosystem services, structure and functions 
as well as other components of ecosystems (Article 14 of the CBD; Addis Ababa 
Principle N° 5); 

•	 The 1995 United Nations Fish Stock Agreement (UNFSA) is an implementation 
agreement of the LOSC and as such is fully consistent with it and uses similar 
language, covering better, however, the needs of biodiversity. It refers, in its 
preamble, to the need to avoid adverse impacts on the marine environment, 
preserve biodiversity, maintain the integrity of marine ecosystems and minimize 
the risk of long-term or irreversible effects of fishing operations. It requires (i) to 
maintain and restore target resources at the level capable of producing the MSY, 
taking into account fishing patterns, the interdependence of stocks and any generally 
recommended international minimum standards (Art. 5b); (ii) to maintain also 
other resources above the level at which their reproduction would be seriously 
threatened (Article 5e); (iii) to minimize … catch of non-target species… and 
impacts on associated or dependent species, in particular endangered species (Art. 
5f); (iv) to protect biodiversity in the marine environment (Art. 5g); and (v) to apply 
the precautionary approach (Art. 6);

•	 CITES. The Convention on International Trade in Endangered Species of Wild 
Fauna and Flora is particularly pertinent as it applies trade controls to species 
endangered by international trade and many deep-depleted fishery species 
represent candidates for listing in CITES Appendices if not rebuilt;
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•	 CMS. The Convention on the Conservation of Migratory Species of Wild Animals 
(CMS) is getting more vocal on issues related to fisheries overexploitation of 
migratory species; 

•	 All Regional Fishery Management Organizations represent relevant frameworks 
and should have specific provisions and procedures to rebuild depleted resources 
to comply with the LOSC on sustainability and the UNFSA;

•	 Regional Seas Conventions (most of which were established under UNEP) have a 
general mandate on environmental management and by extension on biodiversity 
(for which special protocols have been often adopted). They have not intervened 
on fishery matters yet, but as has happened at the national level, if depletion 
deepens, they might intervene and increase their collaboration and involvement in 
fishery matters (e.g. for species listed as threatened);

•	 IUCN. The International Union for Conservation of Nature does not have any 
mandatory power but enjoys an excellent reputation. The IUCN Red List of 
Threatened Species™ is widely recognized as the most comprehensive, objective 
global approach for evaluating the conservation status of plant and animal species. 
While listing a species in the Red List does not have any legal consequence, it 
contributes to the process of listing under CITES, which has legal consequences, 
and it is progressively becoming good practice to check, in good-quality fishery 
management plans, which species potentially impacted by fisheries might be 
listed in the Red list. Reynolds et al. (2005) reported that of 15,482 marine species 
considered, 487 were assessed for extinction status, and 131 (27 percent) were 
found threatened, of which 44 are listed in CITES;  

•	 Ramsar: The Ramsar Convention on Wetlands of International Importance 
Especially as Waterfowl Habitat could only be relevant for very coastal fisheries 
(with maximum depth of 6 meters (Art. 1), in lagoons and estuaries where fisheries 
may interact with wetlands (e.g. where they may be bycatch of birds). 

All the specific species conservation conventions (CMS, IWC) and fisheries conventions 
(RFMOs) are relevant for rebuilding of the resources under their jurisdiction. RFMOs 
focus, by mandate, on their target species, but they are broadening their agenda and 
paying more attention to other species.  

Most of these international legal frameworks become operational when translated in 
regional or national implementable laws and regulation.

The norms and legislations of fisheries and of conservation interact all the time, 
explicitly or not (e.g. in bycatch regulations; for protected species and areas and 
vulnerable environments). However, the interaction become more intense and 
possibly rougher when species are driven by fisheries at or below the level where their 
reproduction is threatened (generating a significant adverse impact).

5.2.2 National level

States have developed fisheries and conservation legislation which tends to translate 
international legal frameworks, adapting it to national and local conditions. Examples 
include: (i) the 1976 Magnusson-Stevens Fishery conservation and management Act in 
the USA; (ii) the 1991 Fisheries Management Act Australia; (iii) the 2001 Basic Law on 
Fisheries Policy in Japan; (iv) The “Marine Fishery Code” in most francophone countries. 
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These legislative frameworks usually provide the authorities in charge of fisheries (and 
their impact on biodiversity) with the formal frame they need to operate. The national 
legal frames for fisheries may have specific provisions regarding rebuilding. Equivalent 
frames are available to the authorities in charge environment protection and biodiversity 
conservation with provisions to maintain or restore threatened species and habitats. 
Ideally, the legal (and policy) framework should clarify the respective responsibilities of 
the fisheries and biodiversity conservation authorities82 in relation to species to be rebuilt 
and the process in place, to strengthen collaboration or resolve eventual disagreements. 
An example is given in Australian Government (2007). These provisions may differ 
between countries even though they relate to the same international law as the latter 
usually leaves room for adaptation to local conditions. 

While, normally, the general and formally agreed fisheries management (and rebuilding) 
plans, established consistent with the overarching national law, should be considered a 
sufficient contract between all stakeholders to proceed with rebuilding implementation, 
this is sometimes considered insufficient and some of the rebuilding strategy elements 
are written in the national legislation for fisheries and conservation to increase 
clout, transparency and clarity in the rebuilding process, reduce administrative 
uncertainty, accelerate implementation and, hopefully, rebuilding, and improve 
economic performance of the strategy (Wakeford et al., 2007). 

The special legislation may formalize such elements as reference points fixing the 
mandatory beginning and end of a rebuilding regime, and the mandatory timeframe 
for rebuilding. Exceptions are usually foreseen. In many other countries, however, 
as in New Zealand, it is considered preferable to keep enough flexibility in the legal 
framework for negotiation and adaptation of the strategy to local conditions, allowing 
the consideration of a broader set of goals (and indicators and reference points) looking 
also for optimal socioeconomic outcomes. The trade-offs between these approaches 
involved have been analysed, for example, by Larkin et al. (2007). 

5.3 THE POLICY FRAMEWORKS

Reforming the overarching fishery policy of a country is often a key impediment to 
reforming its different fisheries management. A (successful) reform in this context, 
could be defined as a change from the status quo… assumed to involve a social welfare-
enhancing change in policy settings, where the magnitude of gains and losses [due to 
the] change are such that the gainers can fully compensate the losers for the losses and 
still be better off themselves (the Kaldor-Hicks criterion) (Cox, 2006). This principle of 
“equitable change” may also be looked at as finding the Nash Equilibrium83 between 
options or arriving at a Pareto84 efficient solutions between objectives.  

In fisheries, both overfishing and rebuilding have costs and benefits but with different 
distributions between the short and the long term, among members of the fishing 
communities and society, and this distribution is a highly political and controversial 
issue. The reform process is multidimensional (economic, legal, institutional) and it can 
occur at different levels (national, sub-national, sectoral, sub-sectoral, fishery, firm).

82  See example in http://www.agriculture.gov.au/SiteCollectionDocuments/fisheries/domestic/hsp.pdf 
where the relation between fisheries and conservation Acts is addressed.

83  A Nash Equilibrium, according to Game Theory, is reached when no actor in the negotiation game can 
expect to gain more without affecting the position of the others. The gain of each actor (or group of 
actors) is simultaneously but separately maximized.

84  Pareto efficiency: a state from which it is impossible to improve with respect to any of the pursued 
objectives without regressing with respect to at least one of the others.
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A rebuilding policy framework sets the high-level goals for rebuilding and restoration. 
Guided by the law, it establishes the outcomes to be achieved and the need for strategies 
to produce such outcomes. The policy may be accompanied by implementation 
guidelines that will be used to elaborate the strategy and the implementation plans 
(see for example Australian Government, 2007). The rebuilding framework sets special 
goals and processes and it may be specific, e.g. connected but separate from the general 
fishery policy, or integrated into it. 

The rebuilding policy may create a more enabling environment for more sustainable 
fisheries by, for example,  (i) raising sectoral awareness about risk of collapse and 
its consequences and the fact that preventing a collapse of resources is cheaper 
than rebuilding; (ii) increasing the weight placed on long-term sectoral and societal 
interests over the short-term interests of a particular fishery; (iii) establishing a 
broadly-based (inclusive) governance to broaden the predominantly biological points 
of view in management; (iv) using incentives of various forms (cultural, economic, 
institutional, etc.) to control the sector growth; (v) increasing the transparency of 
scientific assessments; (vi) improving communication channels for rapid understanding 
and reactivity; (vii) developing frameworks for generalizing management strategies 
evaluation, testing collapse situations, including analysis of social and economic 
impacts of deceleration and rebuilding analyses; and (viii) generalizing risk assessment 
in all fisheries as provided in the FAO EAF guidelines. 

Policy-makers need to be aware that the factors that may affect the success of a 
rebuilding reform are (mainly from Cox, 2006; see also Chapter 9):

1. Initial conditions, of the resources and the communities concerned;

2. Environmental and socio-economic conditions prevailing at the onset of the 
rebuilding policy and during its implementation; 

3. Breadth of the reform, e.g. at fishery or sectoral level. The first seems easier. The 
second may allow necessary systemic interventions;

4. International factors such as jurisdictional issues (in international fisheries) or 
market problems;

5. Institutions available for implementation (coordination and coherence between 
fisheries and environmental governance; tenure systems; enforcement capacity; 
safety nets); 

6. Design of the reform strategy. Because of its multi-dimensional nature, it may 
require broad involvement of many parts of the government, from finance, 
planning and economic, social and foreign affairs, to fisheries and trade. 

7. Implementation strategy; complementarity with other policies (economic, 
social, environmental, etc.) and adequate sequencing of their eventual changes 
through them; Identification of actors with strong or weak bargaining power; 
Starting on ‘low hanging fruit’ (i.e. the most feasible aspects) to wedge in more 
difficult measures; Participation (inclusiveness) in decision processes; Use of pilot 
demonstrations in a broader enabling policy frame. 

8. Level and changes in distribution of costs and benefits, real or perceived: the 
questions of equity and uncertainty;

9. Organisation capacity: within the government (affecting effectiveness) and among 
groups concerned (affecting the equity outcome);
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10. Timing of costs and benefits: the first tend to be immediate and the second delayed, 
resulting in tensions related to discount rates, possibly in inter-generational 
inequity, and impacts on political (electoral) agendas;

11. Stability of the policy reform across legislatures in protracted rebuilding processes;   

12. Compensation strategies to: (i) overcome resistance to the reform, improving 
“Pareto efficiency” (see Section 4.4 on balancing of multiple objectives); (ii) 
improve equity but avoiding unnecessary market distortions or perverse effects 
on fishing capacity; and (iii) ensure the durability of the strategy as rebuilding 
starts to produce fruits.

5.3.1 At international level

There are no international policy frameworks agreed specifically for marine resources 
rebuilding but practically all those that exist aim at maintaining sustainable and 
responsible fisheries and hence imply or specifically require rebuilding them if that 
overarching goal has been missed. From that angle, the following should be noted:

•	 UNCED (1992), its Declaration which establishes the Precautionary Approach 
(Principle 15) and its Agenda 21, Chapter 17 which calls on states to maintain 
and restore populations of marine species at their MSY level, using a language 
transferred from the LOSC (17.46b) and to preserve and restore endangered 
marine species (17.46e);  

•	 The Code of Conduct on Responsible Fisheries (CCRF) (1995). FAO is the 
only specialized body with a global fisheries policy mandate. The deliberations 
of its Committee on Fisheries (COFI) have no mandatory power but reflect 
tensions and international commitments and provide direction to FAO member 
States. The Code of Conduct on Responsible Fisheries, adopted in 1995, and the 
Ecosystem Approach to Fisheries (adopted in 2003) are recognized policy frames 
and the Guidelines and International Plans of Action Actions developed to guide 
implementation have been adopted at regional and national levels;   

•	 WSSD (2002) and its Johannesburg Plan of Implementation, especially article 31a 
(a) to maintain or restore stocks to levels that can produce the maximum sustainable 
yield with the aim of achieving these goals for depleted stocks on an urgent basis and 
where possible not later than 2015;

•	 The CBD Strategic Plan for Biodiversity (2011-2020) and its Aichi Targets reflect 
commitments on biodiversity with implications for fisheries, particularly Target 
6 which states that: by 2020 … recovery plans and measures are in place for 
all depleted species, fisheries have no significant adverse impacts on threatened 
species and vulnerable ecosystems and the impacts of fisheries on stocks, species 
and ecosystems are within safe ecological limits (https://www.cbd.int/sp/targets/
rationale/target-6/);

•	 The 2015 UNGA Sustainable Development Agenda for 2030 and particularly its 
Sustainable Development Goals 14.4 which calls inter alia  on States by 2020, [to] 
sustainably manage and protect marine and coastal ecosystems to avoid significant 
adverse impacts, including by strengthening their resilience, and take action for 
their restoration …(SDG 14.2)  an also to restore fish stocks in the shortest time 
feasible, at least to levels that can produce maximum sustainable yield …(SDG 14.4) 
(https://sustainabledevelopment.un.org/sdg14).
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International policy frameworks also provide decisions or commitments for high-
level approaches which will shape the strategies developed later for implementation. 
For example, there is now a general agreement to follow precautionary, ecosystem, 
participative and adaptive approaches. There is some understanding on the need to 
combine incentives and top-down regulations. That consensus will be reflected by 
States in their national policy frameworks.  

5.3.2 At national level

As for the legal framework, most fishing nations have a policy framework regarding 
fisheries development and management. Federal States have two frames, a federal one 
and one in each State. In the European Union, in which Member States’ responsibility 
for fisheries management has been transferred to the European Commission, there 
is a Common Fisheries Policy, regularly updated, adopted by the European Council 
and the European Parliament, and implemented by the States, under the Commission 
oversight. Each Member State of the EU has its own marine fishery policy if it has 
a coastline. Examples of national rebuilding policies exist also in Canada85, USA86, 
Norway87, South Korea (Lee and Midani, 2014) (see also OECD, 2011).

The national fishery policy reflects and integrates or, in any case has to account for 
the overarching goals of the cross-sectoral national policies, e.g. on environment 
(biodiversity conservation, MPAs coverage targets, protected species and habitats), 
economics (e.g. to maximize net present value; eliminate subsidies), trade (e.g. improve 
trade balance; modulate tariffs), international relations (e.g. in relation to foreign fleets, 
shared stocks), and social issues (e.g. regarding vulnerable communities, indigenous 
peoples, livelihoods and food security). For the sake of ensuring national coherence 
in fisheries development and management, the national fishery policy may also define 
the high-level principles (e.g. economic efficiency; science based decision-making; 
good governance; trade balance), key approaches to be used for all fisheries (e.g. 
precautionary approach, participatory approach, EAF) and overarching goals (e.g. 
stocks maintained or restored to the size required to produce MSY, MEY or any related 
objective) and limits (e.g. a safe biomass level such as Blim, below which the risks of 
collapse are unacceptable). These elements will have to be reflected in all management 
and rebuilding strategies of the country.  

Rebuilding in a specific fishery normally takes place within the umbrella of the national 
fishery policy or, in federal States, under the federal or State jurisdiction. The specific 
policy framework used for rebuilding may be the general one adopted by the State 
(or the RFMO) for management, or a special policy under that framework may be 
adopted for rebuilding to strengthen, streamline and stimulate it. The need for such a 
specific policy will depend on the number of depletion cases being faced. If overfishing 
becomes a general and chronic situation, the rebuilding policy may indeed become 
the central national policy for fisheries. No example of such a situation exist yet, to 
our knowledge, although overfishing has been spreading. In such a case, however, 
a stronger bridge will need to be established between fisheries and conservation 
responsibilities and legislation, allocating management responsibilities depending on 
the state of depletion and the risk level of a resource. This is already done but only for 
threatened fishery species in USA, NEW Zealand and Australia.

85  Guidance for the Development of Rebuilding Plans under the Precautionary Approach Framework: 
Growing Stocks out of the Critical Zone. http://www.dfo-mpo.gc.ca/reports-rapports/regs/sff-cpd/
precautionary-precaution-eng.htm 

86  Magnuson-Stevens Fishery Conservation and Management Act. https://www.fisheries.noaa.gov/
welcome  

87  Review on National fisheries rebuilding. 
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More broadly, the question is one of policy coherence across the government, aiming 
at policies that reinforce each other instead of working at cross purpose (OECD, 2010; 
Garcia et al., 2014). Relevant policies may include those dealing with conservation 
(on environmental impact assessment; on treatment of threatened species), economic 
policies (e.g. regarding subsidies), social policies (regarding vulnerable communities, 
safety nets, social security), and foreign affairs (in case or shared or straddling stocks).

5.4 WHY A REBUILDING REGIME?

The perception that a completely new situation has to be faced requiring 
much more serious and coordinated efforts by scientists, managers and 

stakeholders, is only now dawning. Caddy and Agnew (2004)

The decision to establish or not a special rebuilding regime within fisheries policy 
is a policy decision with strong political, economic, social and environmental 
consequences. The policy will call for development of strategies adapted to sub-sectors 
and local conditions (cf. Chapter 7) leading to specific regimes with their particular 
set of measures (cf. Section 8.2). The rebuilding of an overfished stocks is usually 
undertaken within the ordinary management plan of a fishery, every time the stocks 
gets overfished by “mistake”. The process, measures, etc. are part of good practices in 
fishery management. However, in countries with more elaborate fisheries management 
structures (e.g. USA, Australia, New Zealand) a special rebuilding policy and strategy 
is put in place when stocks are depleted below a predefined limit level (referred to as 
e.g.: Bthreshold, Blim. or Hard Limit). 

Why then do we need a rebuilding policy, strategy and regime? Why can’t this be done 
within the existing fishery management policy?

The best approach to sustainability is certainly to avoid depleting resources to a point 
of collapse, e.g. through a well-designed precautionary approach. However, even such 
an approach may not avoid a collapse when unusual or infrequent environmental 
conditions occur. Moreover, Section 1.1 and Chapter 2 have shown that depletion is 
becoming a chronic situation in many places and how to get out of depletion may be 
becoming a strategic question.  

There are many reasons for focussing attention on resources rebuilding regimes: 
(1) The LOSC and the CBD require rebuilding to internationally agreed levels; (2) 
The recurrent collapse of important resources have significant social and economic 
consequences; (3) Global analyses, despite their limitations, have shown the scale of 
missed opportunities resulting from depletion; (4) Local analyses have shown that 
the condition of fishers in deep-depletion situation is economically and socially 
unacceptable (5) The media and the scientific literature have put emphasis on depletion 
for decades progressively creating a fisheries rebuilding ethic and societal expectations; 
(6) It is getting clearer that, if fishery management is not improved, the degradation of 
resources and the fisheries they sustain will be very costly and difficult to reverse; and 
(7) we have good evidence that we have tools to solve the problem and that in many 
places the problem has been effectively “solved” even though there may not always 
be full agreement by all on all the consequences. Even if it is unlikely that all fishery 
resources and fisheries will be gone by 2048 (Worm et al., 2006) numerous scientific 
works indicate that the “business as usual” option leads to grim futures from Graham 
(1935) to Costello et al. (2016) or Quaas et al. (2016). 
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Adapted skills and techniques are needed to assess the situation, identify the causal 
factors (and develop agreement about them), identify corrective measures, and 
implement than rapidly, from the detection of the problem to its resolution. A fishery 
collapse is usually associated with excessive fishing capacity and removals, but it may 
be triggered also by unfavourable environmental conditions reducing recruitment 
or productivity (e.g. El Niño; coral bleaching); a destructive weather event (e.g. a 
tsunami); a fuel price increase threatening economic viability; a systemic economic 
crisis threatening cash flows and investments (as in 2008); or a new fishing agreement, 
threatening the foreign or the local fleets88. A special type of governance may be needed. 

A lot of guidance is available on why and how to avoid overfishing (notably in the FAO 
Code of Conduct for Responsible Fisheries [CCRF] and accompanying international 
and technical guidelines), but a special effort is needed to emphasize rebuilding: (i) 
the negative consequences of depletion and long-term ecological and socio-economic 
benefits of recovery; (ii) the approaches and instruments available; (iii) the range of 
outcomes and rebuilding times to be expected from the different possible approaches 
in different ecological and socio-economic contexts.

Rebuilding deals with stocks and fishery systems which have been drawn close to their 
extreme limit of resilience (resistance or adaptation) to unfavourable conditions and in 
many instances, nature (e.g. stocks characteristics and climatic conditions) and external 
drivers (e.g. economic situation) may play an equal if not more important role than the 
rebuilding measures. In situations of deep depletion, the fishery manager is in a poorly 
mapped territory.

Deep depletion and collapse not only affects the resources available, but also the 
industry viability and the coastal communities’ livelihoods, so a special rebuilding 
regime may become necessary. Because of the sudden and/or harsh character of the 
situation, such a regime has many of the characteristics of what, in the private sector, 
is usually called “crisis management”. Needed to face unexpected and very disruptive 
events that harm the system, the resources, the stakeholders, and/or the interests of the 
public at large (e.g. its food security), such a regime is a difficult and demanding socio-
political process. Facing a strong element of “surprise” and unpreparedness, it calls for 
an adaptation of research, administration and the sector itself, with a shorter-than-usual 
time available for decisions in an uncertain context, with partial information, facing 
consequences which may be endured for many years. It represents also an opportunity 
to implement the rational measures that would have reduced the likelihood of collapse. 

Rebuilding guidelines

Specific rebuilding guidelines might be published with the policy (or the Strategy) to 
explain how to (1) interpret the strategy requirements and (2) implement it, facilitating 
the strategy development and ensuring some coherence between different rebuilding 
programmes in the same ecosystem. For example, the Guidelines might: 

•	 Provide an overview of what the rebuilding strategy is; describe a process for 
strategy development; outline key operational objectives; and describe the strategy 
design criteria;

•	 Describe how the rebuilding target is to be calculated, used and revised and its 
application is specific cases (e.g. single-species or multispecies fisheries);

88  In the European context, “Brexit” would be a significant triggering factor, displacing long-standing 
“equilibria”.
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•	 Outline the management tools available (e.g. input or output controls, protected 
areas, incentives); 

•	 Advise on acceptable approaches in data-poor situations, highly variable resources89, 
developing (new) fisheries, and for dealing with risk in these cases;

•	 Specifies the generic mandatory elements of the rebuilding plan;

•	 Specifies how to translate scientific advice into decisions on allowable catches or 
efforts, and spatial controls;

•	 Describe possible exceptions to these rules;

•	 Describe the process to amend the strategy over time.

The special management regime eventually set up should ideally follow established best 
practices (adapted from Government of Australia, 2007): 

•	 be documented, publicly available and transparent; 

•	 be developed through a consultative process providing opportunity to all interested 
and affected parties, including the public; 

•	 ensure that a range of expertise and community interests are involved; 

•	 be focused but explicitly nested in the overall management plan for the fishery and 
the national fishery policy; 

•	 concentrate on the depleted targets or threatened species but providing also other 
bioecological benefits as possible (e.g. on associated species and habitats); 

•	 effectively control the level of harvest in the fishery; 

•	 mobilize the needed enforcement means; and 

•	 provide for the periodic review of the performance of the rebuilding strategy and 
eventually adapt to correct inadequate trajectories. 

Special realities in a rebuilding context

As may be seen from the above policy principles and guidelines, there is nothing 
conceptually new in the governance of the rebuilding process. As noted, it must follow 
the well-known principles of good governance: rule of law, transparency, participation, 
adaptive approach, etc. But these principles will be even more important than usual 
in the context of an emerging or ongoing environmental and socio-economic crisis 
resulting from depletion or collapse, and hence the higher sense of emergency and 
sensitivity of the actors. The uncertainty inherent to fishery management becomes 
critical here because of the threats accompanying the collapse. The state of resources 
and their dynamics are more uncertain because in a state of deep-depletion the 
knowledge already available may be partly irrelevant. Resource resilience may be 

89  Stipulating, for example, that resources which fall below limit targets for environment al reasons should 
anyway be subject to the restoration regime.
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impaired. The sector and the coastal communities are threatened by the social and 
economic consequences of the collapse and usually have few ways to compensate for 
the growing losses. Because of the stock depletion situation, more stringent than usual 
measures need to be taken, and implemented at zero-tolerance level.

The implementation of the rebuilding regime may highlight certain existing challenges 
such as rampant inequity, fundamental differences in values among actors, deficient 
data (leading to erroneous baselines), distrust of the management authority, conflicting 
interests, inadequate institutions and mechanisms (including MCS), weak leadership 
and political will. It will also be affected by external factors such as land-based 
pollution, coastal reconversion, and national or global socioeconomic conditions. But 
it may also foster (perhaps induced by carefully calibrated incentives) fishers’ technical 
innovation to re-orient the activity towards less used resources (as in the Canadian cod 
case) and toward new markets. In a complex social-ecological system, ensuring as much 
as possible a positive synchrony between the rebuilding of the resources and that of 
the fishery (catching, processing and markets) is a challenge that cannot be overstated.

In a rebuilding regime, the interface between science, fishery management and biodiversity 
conservation is more important than usual and that importance increases with the level 
of depletion, the ensuing risk of extinction, and the pressure exerted by environmental 
conservation institutions –international and non-governmental, directly or through the 
media. Moreover, some aspects of the fishery system that are usually underplayed or 
neglected under the ordinary management system, become most relevant: 

•	 For the natural sub-system: population resilience at low abundance; predator-prey 
relationships; state of critical habitats; and climatic oscillations;

•	 For the human component: responsiveness of decision-making to scientific 
early warnings and recommendations; agility of the catching and processing 
sectors; salvaging infrastructures; maintenance of market channels and consumers; 
alternative livelihoods; safety nets; and national and local economic situation. 

Finally, a strong incentive to focus on rebuilding is provided in countries having 
formally adopted the requirement to produce and make public every year or two a 
comprehensive report on the state of national resources, like in USA or Australia. 
Attention is easily drawn by the media, prompted by environmental NGOs, and/or 
by the environmental administration itself, to the proportion of stocks endangered by 
depletion and whether these are recovering. This indicator has increased in prominence 
in the last 2-3 decades in the family of performance indicators of fisheries.  

5.5 TAKE-HOME MESSAGES

Governance can be defined as the exercise of economic, political and administrative 
authority that encompasses: (i) The frameworks: socio-political economic and legal 
institutions; instruments; participation and decision rules; (ii) The policy:  guiding 
values; principles; high-level goals; (iii): the strategy: operational goals; indicators; 
approaches; means; and (iv) The implementation plan: targets, implementation process; 
actors’ roles; measures; controls; performance appraisal and adaptive processes.

In principle, fisheries rebuilding should be: sustainable in the long term; responsible 
(according to law): coherent; equitable, reasonably systemic, risk adverse and formally 
planned (either within the normal management plan or through a special rebuilding 
regime. 
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The legal framework of reference for rebuilding rests fundamentally on the LOSC, 
the UNFSA and the CBD as complemented, for non-target species by CITES listings, 
and as echoed in regional conventions (RFMOs and RSOs). International legal frames 
become really operational when endorsed at national level and implemented in national 
legislation and fisheries regulations. While international frameworks provide broad 
principles and references, the operational details are fixed in national regulations. 
The translation of common international laws into regional and national frameworks 
introduces slight differences reflecting States’ interpretation and adaptation to local 
circumstances. The laws relating to rebuilding may be an integral part of the fishery 
management plan but may also be complemented by a more specific rebuilding regime, 
specifying the rules determining the start and the end of the regime to avoid lengthy 
debates when a serious situation emerges. 

The Policy needs to be developed to provide the enabling frame, keeping in mind the 
factors susceptible to enhance and reduce rebuilding performance, such as: (i) Initial 
conditions, of the resources and communities concerned; (ii) Prevailing environmental 
and socio-economic conditions; (iii) Breadth of the reform, at fishery or sectoral 
level; (iv) International factors such as jurisdictional issues or market problems; (v) 
Institutions available and needed; (vi) Designing process of the multi-dimensional 
rebuilding strategy involving many institutional actors; (vii) The implementation 
strategy: articulation with other policies, key actors, participation; ‘low hanging 
fruits’, pilot demonstrations; (viii) costs and benefits and their timing and distribution; 
Organizational capacity centrally and locally; (ix) stability of the reform across 
legislatures; and (x) Compensation strategies. 

International policy frames for rebuilding can be found in: the 1992 UNCED and 
Agenda 21 which established the Precautionary Approach; The 1995 Code of Conduct 
for Responsible Fisheries and the 2001 Ecosystem Approach to Fisheries of FAO; 
The 2002 WSSD; The 2010 CBD Strategic Plan for Biodiversity and its Aichi Targets 
and the 2015 SDGs, particularly SDG 14 on Oceans. They all, in one form or another 
contain States (non-binding) commitments to rebuild depleted resources. These 
frameworks and guidelines have been translated in numerous national fishery policies 
which may differ in their details while converging towards the same global goals.

The legal and policy frame may define what a rebuilding regime is. This regime might 
be a stricter application of what was already the rule under ordinary management or 
a set of new, harsher rules, dictated by the emergency (e.g. in case of resources and 
fisheries collapse).  

Rebuilding strategies are resources- and sector-specific. However, some guidance 
could be provided in a central policy to facilitate the process of adoption of the single 
strategies as well as a good level of coherence between them. Such guidance may 
indicate: (i) The nature and content of a rebuilding strategy; (ii) The type of rebuilding 
targets to be determined; (iii) The special management tools that could be used; (iv) 
Approaches for data-poo situations; (v) the mandatory elements of the rebuilding plan; 
(vi) the form required for the scientific advice; (vii) the eventual exceptions to the rules; 
and (viii) the process to use if the strategy must be amended. 

There is nothing fundamentally new in a rebuilding regime in a country or fishery for 
which an effective management plan exists. But the circumstances (resources collapse, 
economic collapse of the fishery, stress to vulnerable communities) call for rapid 
and effective measures to re-establish the stock (an uncertain outcome) and protect 
vulnerable human communities in the process (a tangible emergency). In addition, 
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all the factors that make fisheries management a difficult art, become more acute in 
a collapse-and- rebuilding process. The resources may be under depensation. The 
fishery and the whole value chain under risk of bankruptcy. Implementation must 
be at zero-tolerance level, while safety nets for vulnerable communities must be 
efficient. The often-turbulent interface between conservation and fisheries policies 
and strategies need to be more closely inter-connected. And many of the factors that 
made management uncertain during the depletion phase (climatic and socio-economic 
context) become the main conditioning factors for rebuilding.  
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6. Rebuilding objectives

The definition of objectives is central to any policy and management process. It has 
multiple dimensions as objectives may relate to the political, economic social and 
environmental domains. It must be faced also at multiple scales, from the global to 
national, sectoral and local levels and from the short to the long term. Finally, different 
types of objectives are needed at policy, strategy and fishery levels. We decided to 
locate this section at this level, between the discussion on the governance framework 
and policies (Chapter 5) and that on rebuilding strategies (Chapter 7) although the 
discussions therein may be relevant in various other places.

While early papers on “rebuilding” were essentially referring to stocks, and sometimes 
to assemblages, the modern discourse on rebuilding is about “fisheries”, encompassing 
the social, economic and environmental goals of fisheries, in line with the Ecosystem 
Approach and the Precautionary Approach to Fisheries, as designed at FAO (FAO, 
1996; 2003). This vision of “rebuilding” as distinct from “maintenance” in ordinary 
management is found, for example, in OECD (2012: 9, for developed nations), DFO 
(2013, for Canada) or Lee and Midani (2013, for the Republic of Korea) in stocks 
rebuilding plans are considered as a necessity, distinct from ordinary management 
plans. In the Republic of Korea, such plans are established in a national, holistic, sector-
wide approach, for all species considered depleted, within a new consolidated Fisheries 
Resources Management Act (in 2009) with the explicit sector-wide objective to rebuild 
the total exploited biomass to 10 million tonnes and the sustainable catch to 1.3 million 
tonnes and facing the challenge of limited science and management resources.

The overarching goals under which a rebuilding strategy operates are those of the 
ordinary management strategy, generally in line with high level international goals, 
e.g.: (1) Maintain productivity and yield; (2) Maintain target stocks at MSY or MEY 
level; (3) Maintain other, non-target biodiversity at a level where reproduction is not 
threatened; (4) protect critical habitats; (5) Maintain economic viability and profits; and 
(6) maintain ecosystem structure and function. 

Realistic ecosystem restoration objectives should ideally take account of: (1) the 
values and desires of the local dependent population and the society to which they 
belong; (2) the historical range of variation of the stock; (3) current and likely future 
environmental and ecological capabilities, as far as they can be foreseen; (4) the best 
available scientific information combined with local ecological knowledge; (5) potential 
detrimental aspects of other planned uses; (6) technical and economic feasibility of the 
desired future conditions; (7) ecological, social, and economic sustainability. These 
considerations should indeed be integrated in the “normal” management regime, under 
a full-fledged EAF. The desirable (or possible) approach to reaching the restoration 
objectives, particularly the desire rate of change (and accompanying stress) and the 
maximum tolerable time duration of the restoration regime (to limit complacency), 
should be materialized in a planned restoration trajectory (see Section 7.4). The 
actual restoration trajectory –materialized by the evolution of the different rebuilding 
criteria– will be affected by evolving social, economic and ecological influences acting 
at multiple scales and additional action may be needed to try to maintain the planned 
restoration course. 
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The overarching goals, which cover the economic, social and environmental dimensions 
of fisheries sustainability, are often referred to as the triple bottom-line. In documents 
advocating economic reform of fisheries through structural adjustments it is not 
unusual to see these objectives presented as a “win-win-win” package. For example: 
it is said that considerable benefits can be made from rebuilding fisheries. These 
include monetary gains …but also contributions to improved social and environmental 
outcomes by increasing employment, securing livelihoods, maintaining biodiversity, and 
providing stable and safe food supplies (OECD, 2012: 16). The reality, unfortunately, is 
that all these objectives cannot be maximized simultaneously (Garcia et al., 2014), and 
politically difficult trade-offs are usually necessary, leading to a “balance” that depends 
on the social-ecological system concerned. Rather than a win-win-win situation, 
the history of “well-managed” fisheries in the developed world indicates that while 
economic performance of fishery sectors has sometimes improved, this has been at the 
cost of massively reducing employment in fishing (Hersoug, 2005; 2014; Béné et al., 
2010) – with little or no gains in landings but an increase in their value – and massive 
imports of seafood from countries with much weaker governance, de facto transferring 
to them the ecological debt of overfishing (Garcia and Newton, 1997; Garcia and 
Grainger, 2005). More recently, the trade-off between ecological and economic reform 
(on one side) and food security (on the other side) in Chinese fisheries was stressed by 
Szuwalsky (2016) and Cao et al. (2017). 

For ordinary management, the high-level policy goals are translated into more specific 
operational objectives for the sector or fishery concerned: e.g. maintain a spawning 
biomass of x tonnes; allocate TACs so that F= FMSY = 0.2/year; protect juveniles 
until age t, etc. The recovery objectives for depleted stocks must contribute to the 
overarching objectives adopted for the fishery and the sector. A classical way to express 
an operational objective in relation to a single-stock rebuilding would be, for example: 
under the selected strategy, the stock must have 75 percent chances to rebuild to BMSY 
within 10 years or less. 

In addition, rebuilding has its own sub-objectives or targets established to guide 
it through the rebuilding process and against which its performance ought to be 
measured. Central questions include: What are the components to be rebuilt? To which 
level should they be rebuilt? The questions may look trivial for stock rebuilding but 
they are not, because (1) there may be numerous components of the fishery system 
in addition to the stock itself that have been degraded and may need recovery, (2) 
the selection of rebuilding objectives for a stock implies many trade-offs between 
bioecological and socio-economic objectives as well as costs and benefits; and (3) the 
achievement of the objectives for the target stock may depend on other outcomes for 
other components of the system. In an ecosystem approach to fisheries (considering 
species interactions, fleet interactions, critical habitats and environmental oscillations), 
the additional objective is (4) to reduce ecological impact of fishing on habitats (to 
be rehabilitated if still possible) and on “associated and dependent species” (usually 
bycatch species) also above the limit at which their reproduction is impaired, as 
required by the LOSC and the CBD.

The problem, as stated above, is that multiple valid ecological, social and economic 
restoration objectives are usually in tension, implying losers and winners in any 
combination of them, requiring trade-offs. 

The rebuilding objectives should be accompanied by an indicator (with clear 
identification of the data needs, the origin of the data, the calculation procedure, the 
responsibility to develop it, etc.). In addition, objectives might be associated with a 
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deadline by which the selective objective is deemed to be reached and a minimum date 
(or rather a maximum rebuilding duration time) may be imposed by law. It has become 
standard practice for large international gatherings to attach delivery dates to their 
policy commitments – e.g. to have all fisheries equipped with EAF rebuilding plans, 
if required, by 2020, as in the CBD 2010 Aichi Targets. A major problem is that these 
dates are politically negotiated and are not sustained by any objective assessment of 
the date at which the objective is likely to be met. Another important problem is that, 
being anonymous global and non-mandatory, these commitments are unlikely to be 
generally achieved by all signatories.

Last but not least, fisheries and their monitoring and assessments are affected by 
measurement uncertainty, model uncertainty, and natural productivity oscillations. The 
implication is that the exact values of the rebuilding criteria (e.g. biomass, age structure, 
geographical extension) and hence the exact situation of a stock relative to the adopted 
restoration targets (and limits) can only be imperfectly known. There is therefore a risk 
to wrongly consider a stock as: (i) being “rebuilt”, terminating the rebuilding protocol 
too early and back-sliding into depletion; or (ii) being “above the minimum safe limit”, 
and hence not taking the drastic measures needed to avoid collapse. Good practice 
in that respect is to establish depletion limits and rebuilding targets at precautionary 
levels, accounting for known uncertainties (e.g. in Management Strategy Evaluation, 
Section 7.5.6), so that these risks are acceptably small. 

In summary, (i) rebuilding may have significant long terms benefits for the sector and 
society; but (ii) it will significantly change the allocation of these benefits in the future; 
and (iii) when considered at the sector and national level (and not only fishery-by-
fishery), it requires up-front investments that many current actors in the sector cannot 
face, requiring other financing arrangements for their mobilization.   

Let’s see briefly below some considerations regarding objectives at single-species, 
assemblage and ecosystem levels.

6.1 STOCK-LEVEL OBJECTIVES

6.1.1 For target species

Obtaining maximum yields has been a long-established objective, implying rebuilding at 
a level that could produce that yield. Maximum yield has been a foundational objective 
in socialist fishery development policies since at least the 1950s (Nikolsky, 1953; Cao 
et al., 2017), and the Maximum Sustainable Yield (MSY) concept was also developed 
in the 1950s, within western fishery science (Schaefer, 1954; Beverton and Holt, 1957) 
together. The MSY was favoured within international bodies, and in particular, it was 
actively advocated in the UNCLOS I, II and III processes and finally enshrined in the 
1982 LOSC which states that … measures shall also be designed to maintain or restore 
populations of harvested species at levels which can produce the maximum sustainable 
yield, as qualified by relevant environmental and economic factors… (Article 61.3). 

Therefore, for target fishery species, MSY is a mandatory minimum rebuilding 
standard in the LOSC with some flexibility around that level based on environmental 
and socio-economic considerations. The requirement is also specified in the UNFSA. 
This implies that biomass should be restored to BMSY level or above. In the North 
Atlantic, interim biomass target levels are used such as a precautionary biomass level 
(Bpa) below which the stock should not be drawn, and a minimum safe biological limit 
(Blim) at and below which drastic measures need to be introduced to avoid collapse. 
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The rebuilding objective may, however, need to be broader, with farther reaching 
consequences, than simply biomass and yield. Because of inter-annual variations in 
recruitment, one single good year-class may be enough to produce a single rapid 
increase in biomass. However, without a more complete recovery of population traits 
(e.g. age structure, sub-populations, age-at-maturity; geographical extension) the 
rebuilding process might be functionally incomplete and short-lived. growth rate, age 
structure. Rebuilding of these properties may take a more longer-time (Murawski, 
2009; DFO, 2013).

The alternative economic vision and goal for fisheries, already advocated in 1911 by 
Warming (cf. Anderson 1983) and rediscovered by Gordon (1954) is to aim for the 
Maximum Economic Yield (MEY) (see also Larkin et al., 2011). This objective, a more 
capitalistic goal requiring rebuilding to a higher level of biomass, is still not used in 
international fisheries and has received limited application in national fisheries until the 
1990s when it started to get more traction in association with the allocation of exclusive 
use rights. Possible explanations for the delay include the fact that the Cold War, the 
iron curtain, and obvious differences in socio-economic theories prevailing in market-
driven and centrally-planned countries as well as between developed and developing 
nations did not leave much room for agreement on a global economic objective for 
fisheries. However, the largely dominating liberal economic paradigm of today (e.g. 
under a “Blue Growth” label) seems to be harmonizing a worldwide agreement on 
depletion factors and hence rebuilding strategies as illustrated in Cao et al. (2017) for 
China. Important differences remain, however, about the primacy to be given to rent 
extraction versus other goals such as food security and sustaining rural likelihoods. 
No generalization is possible and the issues will need to be resolved case-by-case. 
Nonetheless, rebuilding fisheries at the MEY level has been advocated by some at 
the global level (e.g. World Bank and FAO, 2009) and is being considered in some 
countries together with privatisation (e.g. in Australia90). It is fully compatible with the 
LOSC which requires that stocks be restored at the level at which they “can” produce 
MSY if so desired, and this is certainly the case of a stock at MEY. 

Rebuilding objectives will be reflected in the targets and limits of the rebuilding control 
rule. In a new fishery on unfished stocks (e.g. in the deep sea) BMSY might well be used 
as the lower tolerable limit for the stock (i.e. Blim=BMSY). However, on stocks that 
have been historically harvested, the MSY level has often been passed and the lower 
allowable limit (Blim) tend to be fixed at a level well below the MSY level, often as 
the level below which reproduction and recruitment are threatened such as 0.2B0

91 or 
0.5BMSY (Methot et al., 2014).

A key difference between MSY and MEY when used as high-level targets is that 
MSY may change due to environmental oscillations (and recruitment levels) but 
MEY may change seasonally and between years (or fishing seasons) due to the same 
factors plus prices of inputs or outputs. In both cases, an average expected value will 
be selected to use to fix annual total allowable catches and efforts (TACs and TAEs). 
But an important question relates to the frequency of updating these references. No 
generalization is possible as this will depend on the nature of the species (short- or 
long-lived; highly variable or not) and its market. In a process of rebuilding from deep 
depletion, an interim target may be adopted and “refreshed” with a higher frequency.

90   http://www.agriculture.gov.au/SiteCollectionDocuments/fisheries/domestic/hsp.pdf
91  A rule of thumb is not applicable across life-history styles (Gabriel and Mace 1999) 
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6.1.2 For associated and dependent species

For non-fishery or non-target species the LOSC requires that the coastal State 
shall take into consideration the effects on species associated with or dependent upon 
harvested species with a view to maintaining or restoring populations of such associated 
or dependent species above levels at which their reproduction may become seriously 
threatened (Art. 61.4). The CBD has endorsed that requirement which applies therefore 
to biodiversity. In fisheries management that level may be Blim, the lower tolerable level 
of reproductive biomass, often based on historically observed data. 

In addition, the CBD Ecosystem Approach requires for sustainable use, and for the 
maintenance of ecosystem structure and function While the latter requirement has not 
been more specifically formulated by the CBD, it has been endorsed in the Ecosystem 
Approach to Fisheries (EAF) although it has yet to be effectively considered in 
fisheries management plans. The proposed Balanced Harvest (Garcia et al, 2010; 2015) 
is an approach made to align fisheries with both the LOSC and CBD norms, but it is 
still far from implementation and has not been examined from a rebuilding angle.  

6.1.3 For threatened species

Legal systems (e.g. in USA and Australia) have provisions which tend to move de 
facto deep-depleted species, that have reached a threatened status, from the fishery to 
the conservation jurisdiction, listing them formally as requiring special protection and 
rebuilding measures to be implemented by fishery management, with specific controls 
on performance. This tends to change significantly the objectives and constraints 
related to these species. As an example, the Australian Government (2007), ruling 
on the relation between the fisheries policy and the Environment Protection and 
Biodiversity Conservation Act of 1999 (EPBC Act), has decided that: 

•	 Stocks at or above BMSY are considered strong, resilient, and not concerned by the 
EPBC Act or a rebuilding strategy;

•	 If B falls below BMSY but remains above Blim, the stock is not listed in the EPBC 
Act but needs to be placed under a formal rebuilding regime towards BMSY. When 
the stock is back at that level, the ordinary fishing regime may be resumed;

•	 If B is equal to or below Blim the stocks may be the subject of action under both the 
fisheries and environment legislation as the risk to the species may be regarded as 
unacceptably high. If a stock-rebuilding strategy is already in place, the cessation of 
which would adversely affect the conservation status of the species, consideration 
would be given to listing the species in the conservation-dependent category under 
the EPBC Act;

•	 If B<< Blim: (e.g. 0.75 Blim) there is an increased risk of irreversible impacts on the 
species which will likely be considered for listing in a higher threat category (i.e. 
vulnerable, endangered or critically endangered). A listing under such categories may, 
in accordance with the EPBC Act, require development of a formal recovery plan; 

•	 If B recovers above Blim and is rebuilding towards BMSY or BMEY, consideration 
could be given to deleting the species from the EPBC Act list of threatened species, 
or amending the category it is in, following the process foreseen in the EPBC Act 
and the best available science will underpin all key decisions. Stakeholders will be 
well informed, and agencies will ensure transparency.
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These provisions give, de facto, a high level of control on fishery species to 
environmental authorities as soon as those species are formally characterized depleted 
below the safe biological limit. Similar arrangements exist in Canada, connecting 
fisheries management to the Species at Risk Act (SARA) 

6.2 MULTISPECIES-LEVEL OBJECTIVES

In most ecosystems, depletion has affected entire assemblages of species either targeted 
together in mixed groundfish fisheries –such as in the Gulf of Thailand, Georges Bank 
or Northwest shelf of Australia–  or targeted separately as in the Northeast Atlantic 
and Barents Sea. Sequential depletion is likely to have occurred in many of these areas. 
Therefore, rebuilding of a composite mix of species would be the goal, facing the fact 
that: (i) the “original” species mix with its dominant species might be unknown; (ii) 
Trade-offs between species yields to optimize aggregated yields (in ecological, social 
and economic terms) while protecting emblematic species are difficult to resolve; (iii) 
and, if they could be resolved, knowing exactly how to achieve such goals in practice 
is presumptuous. 

In many countries, programmes are ongoing to rebuild different stocks, in parallel 
processes, ignoring interactions between species and processes so that the objectives for 
the parallel processes remain at single-species level with the strict minimum of explicit 
interaction. Multispecies considerations cover two aspects:

1. Interactions between fleets exploiting overlapping multispecies species 
assemblages. The problem emerges from the fact that the species rebuilding 
strategy will affect not only the fleet targeting it, but also those fleets taking it as 
bycatch;

2. Interactions between species in the assemblage. The problem emerges from the 
fact that the rate of rebuilding of the depleted species is dependent not only on the 
fishing mortality exerted on it, as target or bycatch, but also on the natural mortality 
from predation (if the species is a prey), availability of food (if it is a predator) and 
eventual presence of competitors. For example, aiming at recovering the maximum 
yield of a depleted target stock might increase the proportion of species that risk 
to be degraded below acceptable limits. Conversely, cutting fishing pressure on 
the target species will also have benefits for the entire assemblage, which may be 
favourable or not for the target species rebuilding. 

Therefore, defining rebuilding objectives at assemblage level, fully accounting for 
interactions, would make more sense but adds a lot to complexity. It has always been 
known that reaching the theoretical MSY for all species in an ecosystem, simultaneously, 
was scientifically and practically impossible (Larkin, 1977; Murawski, 2000). Similarly, 
restoring all stocks to their theoretical MSY level is impossible. Restoring all of them to 
a level where their reproduction is not threatened is a minimum objective and may seem 
easier. However, there is no level of fishing at which the reproductive threat is zero as, 
in presence of important natural oscillations in productivity, sequential collapses have 
been observed even in unfished stocks (Soutar and Isaacs, 1974) and shown years ago, 
by simulation (Laurec et al., 1980). Consequently, this objective might be defined in 
terms of probability.

Rebuilding the assemblage towards “maximum economic return” when species have 
different market values, would raise, among many others, the problem of deciding 
on the desirable species composition outcome (trade-offs). This sort of objective 
would probably lower fishing pressure across the board (multispecies effect) but with 
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consequences on species composition which are not easy to forecast and certainly not 
easy at all to steer. In addition, as for the single-stock case, it would also increase the 
livelihoods and compensation costs. In any case, even if some sort of qualified MEY for 
a species assemblage rebuilding is aimed at (ensuring individual MEY for some species 
at the expense of others) the general constraint will usually be that ALL stocks must 
be maintained above their Blim level. 

Whether aiming at MSY or MEY, assemblage rebuilding strategies would most 
probably entail rebuilding the stocks of large, long-lived and high-value predators 
and as a collateral impact reduce the abundance of prey species, threatening food 
security of poor coastal communities.  Szuwalski (2016) and Cao et al. (2017) on 
Chinese fisheries suggest that rebuilding of the present assemblages (from which 
predators have been virtually eliminated) towards their original composition, if 
possible, may be at the expense of total catch and food security. At the global level, 
Garcia and Newton (1997) have already stressed that the rebuilding of all world 
stocks to their MSY level might not produce higher global catches, because of 
predator-prey relationships.

This poses nearly automatically the broader question of the type of species assemblage 
envisaged or desired at the end of the rebuilding process. But while humans may desire 
certain outcomes, it is Nature that decides. Ecosystem modelling may help forecasting 
some of the direction that the assemblage might take (e.g. in terms of relative abundance 
of key functional groups) and the time needed before seeing measurable progress, but 
accurate predictions may be presumptuous.   

This being said, pragmatic rebuilding targets could be set looking at historical 
properties of the assemblages (total biomass, species spectrum, proportion of fish 
above a certain size, proportion of demersal and pelagic species; abundance of turtles, 
sharks, dolphins, etc.) and taking “system-oriented” measures such as a general 
reduction of capacity and use of closed areas, with particular protection measures for 
the most vulnerable species … and hope for the best, leaving the assemblage to “heal 
itself” as the interactions rebuild. It should also be accepted that the rebuilding of an 
assemblage may lead to an overall catch below the historical value obtained through 
sequential overfishing. 

The fact that interconnections between species and fisheries in an ecosystem are 
overwhelming raises the question as to whether “rebuilding” can really be considered 
and its effect forecasted at any other level than the assemblage and sub-sector (instead 
of single stock and fishery level). What are the implications and risks incurred when 
rebuilding if those interactions are disregarded? At which level of sequential depletion 
do the species interactions become the dominant factor?

6.3 ECOSYSTEM-LEVEL OBJECTIVES

6.3.1 General considerations

The CBD calls on States to: (i) Rehabilitate and restore degraded ecosystems and 
promote the recovery of threatened species, inter alia, through the development 
and implementation of plans or other management strategies (Article 8f); (ii) Adopt 
measures relating to the use of biological resources to avoid or minimize adverse 
impacts on biological diversity (Article 10b); and (iii) minimize adverse impacts 
(Article 14). This does not refer to either of the two concepts of ecosystem integrity or 
health (see Section 6.3.3), but its Ecosystem Approach calls for maintaining ecosystem 
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structure and function … to maintain ecosystem services, (Principle 5, in Vierros, 2008), 
not specifying further the criteria to be used to measure “structure” and “function”.

A holistic restoration of a fished ecosystem to eliminate or reduce a fishing impact 
cannot be exactly prescribed as ecosystems are only partly understood and permanently 
being altered and adapting, including by responding within different time scales and 
teleconnections to pressures and impact from a lot of human activities other than 
fisheries (Costanza et al., 1993; MEA, 2005). Under these conditions, any the objectives 
of any fishery management authority can only be expected to address and correct the 
impacts of those fisheries under its jurisdiction, hoping that its action is not hampered 
by non-fishery factors. Two sets of closely interrelated ecosystem-related objectives of 
fisheries ecological restoration need to be addressed, related to:

1. Rebuilding of stocks and multispecies assemblages, with objectives and measures 
designed for single fisheries for systematic reduction of their respective impact 
of each fishery on the ecosystem, hoping that a piecemeal approach, with due 
attention to fisheries interactions and cumulative impacts, will produce the 
expected ecosystem-wide outcomes; and 

2. Restoration of ecosystem structure and productivity, with large-scale reforms, 
at fishery sector policy and ecosystem levels e.g. generalization of fishing rights; 
introduction of co-management, no-discards policies, integrated space-based 
management across fisheries and across all economic activities (e.g. through 
Marine Spatial Planning) hoping that system-wide contextual factors do not 
hamper expected outcomes.

With respect to (1), and as touched on when dealing with single-species and 
multispecies rebuilding above (Sections 6.1 and 6.2), the focus in the literature has 
been mainly on the bias in conventional stock assessment, and related errors in 
management, that are made by ignoring broader ecosystem effects (Larkin, 1977; 
Pope, 1991; Walters and Kitchell, 2001; Walters et al., 2005) – and little has been 
written yet on rebuilding species assemblages from low levels of abundance (see 
Collie and Rochet, 2013). It has often been speculated that well managing single-
stocks, e.g. reducing fishing pressure, rebuilding spawning biomass, protecting 
vulnerable species, etc. with the presently used instruments, would go a long way 
towards achieving the ecosystem-related objectives of fishery management. Gislason 
et al., (2000) argued that this was a possibility but that it would be difficult to assess 
the performance of this approach because the conventional stock-based fishery 
management approach does not monitor the information needed to assess and 
evaluate it objectively. 

With respect to (2) the adoption of the EAF/EBFM (Ward et al., 2002; Garcia et al., 
2003; FAO, 2003; Pikitch et al., 2004) has laid down the foundations for a significant 
change in the right direction, integrating the precautionary approach to fisheries 
and institutionalizing a risk assessment and management. The assumption is that 
the increased awareness and additional measures (e.g. to protect vulnerable habitats 
and species, reduce bycatch and discards) are likely to produce the expected (but 
not quantified) reduction of ecological impact. As a consequence, the cross-fishery 
momentum has increased in the ambit of Regional Fishery Bodies and, at national level, 
with the increasing use of economics (cf. Section 4.2). The cross-sectoral momentum 
is still weak. The MSP and related integrated planning and management frameworks 
are still in early processes of advocacy, policy development, decision-support systems 
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and governance and there is still very little assessment of performance, particularly in 
relation to fisheries (but see Meaden et al., 2016). In addition, although hundreds of 
indicators have been proposed to track ecosystems states, structures and functions, 
there are still no agreed metrics of ecosystem attributes to practically gauge progress in 
attaining objectives (Done and Reichelt, 1998).  

In this section, we focus on the cross-fishery aspect of ecological restoration, better 
addressed by fishery management since the adoption of EAF. The responsibility of 
fisheries authorities and the mandate to act relates to impacts such as: (i) excessive 
depletion, (ii) reduced diversity, (iii) increased variability, (iv) reduced resilience 
to climatic oscillations and change, (v) loss of ecosystem services and (vi) threats 
to vulnerable species and critical living habitats. In addition, the responsibility of 
fisheries authorities is also to advocate for the protection of the fishery ecosystem’s 
productivity and seafood quality and safety from environmental degradation and 
contamination.
 
Paraphrasing Murawski (2000), a broad goal for a comprehensive fishery ecological 
restoration programme would be the highest aggregate economic and social benefit 
consistent with biological and ecological objectives, a conveniently multidimensional 
goal implying, however, the resolution of difficult trade-offs. A key problem in 
ecosystem management has always been the dearth or lack of clear quantifiable goals. 
The situation has improved significantly in the last 3 decades, but the argument remains 
central for ecological rebuilding in fisheries since ecological, social and economic goals 
of rebuilding are in tension (Link, 2010).

Based on the requirements of the legal and policy frameworks for fisheries (cf. Sections 
5.2; 5.3), the 2001 Reykjavik Declaration (FAO 2003a) and the FAO Guidelines (FAO, 
2003: Annex 2), the overarching goals of EAF –within which fisheries rebuilding must 
fit– would translate as follows: 

1. Avoid overfishing of target species (LOSC);

2. Minimize fisheries impact on non-target species (LOSC, CBD): No significant 
adverse impact. Protect species -at-risk. Ensure that impacts are reversible;

3. Maintain ecosystem structure and function (CBD);

4. Improve human wellbeing and equity (FAO, CBD).

Meeting (1) and (2) would have avoided the need for ecological restoration. Goal 
(3) requires meeting also (1) and (2) but requires an ecosystem-wide and sector-
wide perspective, with more explicit concern on species interactions, critical habitats 
(including living habitats) and benthos, natural fluctuations and climate change. Goal 
(4) is essential for the stakeholders’ adhesion to management efforts and, practically, 
a sine qua non condition to achieving goals (1) to (3). These goals have been listed in 
Table 7 with some corresponding management targets and reference values used in 
fisheries and referred to in a number of publications (e.g. Pitcher and Pauly, 1998; 
Agardy, 2003; Link, 2010; Garcia et al, 2010, 2012; Gislason et al., 2000).

As shown in Table 7, these goals also fit into the Biodiversity Impact Mitigation (BIM) 
Hierarchy used by Ramsar, IUCN and the CBD (cf. Section 3.3.2).
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TABLE 7
Goals, management objectives and targets potentially applicable to EAF. The part in green is 
directly relevant for ecological restoration in fisheries (from multiple sources). 

EAF goals Management targets Reference level
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	System-dependent 
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	Species diversity

	Balanced Harvest 
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•	 Restore human 
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o Ensure equitable access to resources

o Restore fisheries’ viability

	System-dependent 
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system

Improve human 

wellbeing and equity

o Maintain economically viable fisheries 

o Maintain sustainable livelihoods 

o Maintain equitable access to resources

	Between MSY and 

MEY

	System dependent

	System dependent

6.3.2 Connection with EAF

In theory, complying fully with the LOSC single species requirements for both target, 
associated and dependent species, should avoid serial depletion, damage to the food 
chain, and habitat protection. This is not what has happened typically, and the concern 
takes prominence in the Ecosystem Approach to Fisheries (EAF) (FAO, 2003). Its 
overarching goal is to address the multiple needs and desires of societies present and future 
generations regarding the full range of goods and services provided by marine ecosystems. 
It takes a broad view of fisheries accounting for uncertainty, biotic, abiotic and human 
components and their interactions within ecological boundaries. Being an extension of 
conventional fishery management, EAF has the same fundamental social, economic 
and ecological objectives (for target and non-target stocks) and the guidelines refer, in 
addition, to the objective of protecting and maintaining ecosystem structure and function. 
Policy goals mentioned include: (i) conserving biodiversity; (ii) maintaining fisheries 
habitats; and (iii) protecting the food chain (box 1). The guidelines recognize that more 
specific, operational objectives regarding specific stocks, habitats, protected species, 
income, and social aspirations are context-specific and need to be defined following a 
participatory decision process which is delineated, leading to their identification, ranking, 
determination of their indicators, reference values and decision rules.
 
In brief, the EAF recognizes that the ecosystem-related objectives are those broadly 
imposed by the LOSC and the CBD and their more specific expression cannot be 
generalized and is a matter for societies to deal with through a rational process of risk 
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assessment and multi-criteria decision-making which the guidelines develop. While the 
LOSC fixes a strict norm for target stocks, the EAF fixes a broad goal for biodiversity 
and the ecosystem and the process needed to refine it. 

One of the reasons why multiples ecosystem use objectives cannot be generally agreed 
is that the balance that can be accepted between all reasonable objectives requires trade-
offs that are predominantly context-sensitive. Without a place, process or mechanisms 
to sort out social, economic, biological, ecological and cultural (without mentioning 
political) trade-offs, we will remind mired in the same difficulties we have faced for 
centuries (Link, 2010:158). Trade-offs are found in deciding what direction and set 
of actions will satisfy best local communities and societal goals: for example, species 
diversity vs food security; fisheries employment vs global financial returns or food 
security; global versus local costs and benefits, and economic efficiency versus social 
equity.

Reflecting both jurisdiction and pragmatism, the central objective of fishery ecological 
restoration in fisheries is necessarily utilitarian and may be limited to the ecosystem 
elements impacted by fisheries and that fishery managers can mitigate. In other words, 
EAF aims to adapt or modify the single-species rebuilding paradigm to account for 
undesirable impacts on ecosystems (Murawski, 2000). This may be achieved through 
avoidance, reduction/minimization of fishing impact and restoration of elements 
impacted by fishing and it is interesting to note that avoidance, minimization and 
restoration are the first three and most important steps of the Biodiversity Impact 
Mitigation Hierarchy used as a central framework for conservation (see Squires and 
Garcia, 2018). More specifically, what can be aimed at is reduction of impact on 
the bottom and on vulnerable marine ecosystems (using space and gear regulations, 
eliminating destructive practices); reducing bycatch of protected and non-fishery 
species (e.g. seabirds, snakes, living habitat species) using classical instruments or 
economic ones; reducing discards (selectivity, discard bans); and accounting for trophic 
needs of non-fishery species in allocating [prey] resources (e.g. small pelagic fish quotas 
put aside for sea birds). 

In fisheries, a restoration of the ecosystem to any “pristine” conditions cannot be the 
objective as these are usually not known and, in any case, the extraction of resources 
from aquatic systems modifies inevitably the ecosystem, even though much less than 
agriculture or urban development. The specific “restoration” targets may only be the 
return to previous good (and probably not identical) productive conditions, optimizing 
socio-economic outcomes and maintaining collateral impacts on ecosystem structure 
and function within societally acceptable levels (e.g. within the CBD sustainable use 
standards). Alternatively, restoration could be forward-looking, e.g. based on new 
societally agreed aims for the future).

No internationally agreed norms are available to gauge the effectiveness of these 
measures. At a more strategic level, the above-noted Balanced Harvest approach 
(Garcia et al., 2010, 2012, 2014) proposes a norm, compatible with both the LOSC 
and the CBD, to check the maintenance of ecosystem structure, in terms of size 
distribution92 –in total catches (including discards) and if possible in the ecosystem 
biomass– and to decide in which direction the fishery sector might need to shift to 
re-establish the original balance or any societally acceptable “balance”.

92  The log-log distribution should be linear if the ecosystem structure is maintained or broken otherwise. 
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6.3.3 Ecosystem integrity and health?

The concepts of ecosystem integrity and ecosystem health are often referred to in 
conservation science and advocacy to qualify the state of an ecosystem and as high-
level objectives for their conservation, generating some controversy. Both concepts are 
intended as references to measure the distance between the state of an ecosystem and 
its ideal state, but both are complex, dynamic, interrelated and controversial, mixing 
objective facts and ethical value, and difficult to capture in simple indicators.
 
Ecosystem integrity has been defined in different ways as, for example: (i) the ability 
of an ecosystem to maintain “a balanced, integrated, adaptive community of organisms 
having a species composition, diversity, and functional organisation comparable to that of 
the natural habitat of the region (Karr and Dudley, 1981); or (ii) the quality or condition 
of an ecosystem when its dominant ecological characteristics (for example, composition, 
structure, function, connectivity, and species composition and diversity) occur within 
the natural range of variation and can withstand and recover from most perturbations 
imposed by natural environmental dynamics or human influence (US Federal Register 
2016). These definitions are closely related to the concept of wilderness and pose a 
problem: the degree of “integrity” of a given ecosystem is defined by comparison with 
another ecosystem considered as “natural”, entering a circular argument about what is a 
“natural” ecosystem (Maurer, 1993). For that reason, it is becoming generally accepted 
that restoration can rarely seek the re-establishment of the “pristine” conditions or 
even good “historical” conditions as the ecosystem evolves continuously under natural 
and human pressure. The argument has a strong ecological and socio-economic backup 
in the controversial New conservation paradigm (Kareiva et al, 2012; Mervier, 2013; 
Soulé, 2013). Nonetheless, a reference is made to ecosystem integrity in the EAF (FAO, 
2003: 87) and is interpreted as maintaining biodiversity (as required by the CBD) and 
ecological processes that support biodiversity and resources productivity.

Ecosystem health has emerged as a concept in the early 1990s, when the responsibility 
of environmental agencies started to be broadened their concern from the impact of 
pollution on the health of humans to the impact of economic activities on the “health” 
of the ecosystem itself, using a controversial analogy. It has been defined explicitly and 
implicitly in different ways related to the concept of homeostasis, the absence of disease, 
system diversity complexity, stability or resilience, vigour or scope for growth and as 
balance between system components (Costanza and Mageau, 1999). These authors 
defined ecosystem health as the property of an ecosystem that is sustainable, with the 
ability to maintain its structure (organization) and function (vigour) over time in the 
face of external stress (resilience). The concept intends to provide a comprehensive, 
multiscale, dynamic and hierarchical measure of system resilience. Measuring “health” 
under such definition implies a weighted summation or a more complex operation 
over the component parts, where the weighting factors incorporate an assessment 
of the relative importance of each component to the functioning of the whole. Such 
assessment incorporates ‘values’, which can range from subjective and qualitative to 
objective and quantitative and, in the end, depend on the assessors’ accumulated body 
of experience (as in medicine). Constanza and Mageau (1999) provide guidance on 
how to measure and represent organization, vigour and resilience. Nonetheless, the 
broad concepts of ecosystem “integrity” or “health” are still considered as having 
fuzzy operational meanings and being difficult to use as operational restoration targets 
in fisheries. In addition, if important oscillations or multiple ecosystem states exist, 
whether natural or human-induced (Daskalov et al. 2007), the problem becomes even 
arduous and farther away from the Cartesian approach used for conventional single-
species fisheries management.
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Consequently, ecosystem health and integrity are conceptual goals that can hardly be 
translated in operational objectives and need to be decomposed on the components 
described  in Sections 6.3.1 and 6.3.2.

6.3.4 Desirable ecosystem?

The characteristics chosen for a desirable future state of a given system should be 
informed by knowledge of spatial and temporal variation in its characteristics under 
historic disturbance regimes during a not too distant reference period (Parker and Wiens, 
2005) referred to as the natural range of variation (NRV) (US Federal Register, 2016). 

In fisheries, most exploited ecosystems have been impacted for decades to centuries 
and even millennia in coastal areas, and not only by fishing. Thus, no NRV might 
be available except through the analysis of paleological records (Soutar and Isaacs, 
1974). Consequently, the fishery “equivalent” to NRV could be given by the historical 
analysis of the fishery, yielding information on species composition, productivity, 
variability, resilience to fishing, etc., recognizing and tracking natural oscillations, the 
possibility of ecosystem shifts (natural or fishery-driven or both). We could call it the 
historical range of variation (HRV). 

Recognizing and describing that ecosystem in this dynamic way is necessary but does 
not necessarily indicate the path to take in order to restore it exactly, since the HRV 
does not define precisely the restoration target or the desired ecosystem condition. 
Together with some foresight on possible environmental fluctuations, it provides the 
context needed to objectively select a range of objectives that should orientate the 
fishery system in the right direction as opposed to fixing deterministic targets for the 
fishery or the sector. The “restored” conditions may depart from the HRV if future 
environmental drivers or socio-economic conditions are too different from past ones, 
maintaining however as much as possible of the historical conditions and functional 
role. Because of climate change, it might not be possible to rebuild some species to 
earlier abundance and new, better equipped species may have invaded the ecosystem. 
How much biotic and abiotic change may be introduced (e.g. new species to rebalance 
the assemblage composition or artificial reefs to enhance productivity while effectively 
blocking trawling) is also a societal decision. 

In addition, alternative ecosystem structures have different properties. For example, 
the work of Szuwalski (2016) and Cao et al. (2017) on Chinese fisheries suggest that 
rebuilding of the present assemblages (from which predators have been virtually 
eliminated) towards their original composition, if even possible, may be at the expense 
of total catch and food security. Garcia and Newton (1997) had made the same 
suggestion at the global level. They stressed that the global rebuilding to MSY levels 
might not produce higher catches, because of predator-prey relationships and that 
simply adding the apparent losses in each resource to calculate the potential overall 
benefit of improved global management would lead to significant estimate of the 
benefits. Finally, the case of introduction of the Nile Perch in Lake Victoria, initially 
aimed at rebalancing the food chain introducing a predator has dramatically modified 
the natural and human components of the lake production system compared to the 
one that we would have had today without that introduction. Whether this was a wise 
decision or an error remains matter for controversy.  

Regarding impacts on fisheries ecosystems that do not result from capture fisheries 
(eutrophication; contamination; sedimentation; exotic species introductions; 
degradation of coastal areas, waterways, estuaries, lagoons and reefs) and climate 
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change, EAF calls for awareness raising in fisheries, governments and society and an 
effective place in the integrated management framework needed to resolve them to 
maintain ecosystem services which are essential to fisheries. 

Such broader-based approach requires higher level management structures (at EEZ or 
ecosystem level) in which fisheries would only be one of the actors, and probably not 
the most politically influential one. 

6.3.5 Ecosystem services

The CBD requirement for maintaining ecosystem structure and function has been 
incorporated in the CCRF and EAF and the need to maintain the production of 
ecosystem goods and services (also referred to in the CBD) has been incorporated 
in the concept of Blue Growth (FAO, 2016a). This more utilitarian concept could 
provide an avenue for selection of restoration objectives as they should be maintained 
as outcomes of the ecosystem “functions”. However, they depend on human uses and 
valuation and, as such, do not lend themselves easily to generalization. Obviously, food 
production is one of these services of great importance to fisheries and re-establishing 
the food production function of an ecosystem (in quantity and diversity) –by reference 
to some historical satisfactory situation– could be a convenient empirical approach to 
fishery ecosystem restoration. However, such an approach remains tricky as questions 
emerge: What sort of ecosystem do we need or want? With what sizes and species 
structure? For which users? Wealthy sport fishers will ask for large individuals of 
large species at any price (mainly top predators). Poor communities with large families 
will ask for abundant nutritious food they can afford (mainly small pelagic species). 
Investors will look at high abundance and prices – which might fit with the goals of 
the sport fishers.  

6.4 TAKE-HOME MESSAGES

Rebuilding objectives are multi-facetted: they are political, economic social and 
environmental; global, regional, national or local; short to long term; established at 
policy, strategic or operational (management) levels. The fishery literature refers to 
stock rebuilding but when were depletion is widespread and chronic, rebuilding at 
species assemblage, sector or ecosystem levels should be considered.

The generic goals of rebuilding are to take the stock out of the high risk-of-collapse 
area in which it is and return to the situation in which ordinary management strategies 
will succeed to (i) maintain target stocks’ productivity, yield and economic viability 
(e.g. at MSY or MEY levels); (ii) maintain non-target biodiversity at a level where 
reproduction is not threatened; and (iii) in so doing maintain ecosystem structure and 
function, minimizing impacts on biodiversity and critical habitats. The goal is generally 
not to return the stock to its unexploited or untouched state. 

The specific rebuilding objectives (in terms of expected outcome and time needed 
to obtain them) will be highly dependent on the stock characteristics and state, 
exploitation history, current environmental and socio-economic contexts, and any 
foresight available on future climatic and socio-economic perspectives. They may have 
to be adapted during the rebuilding process as better information flows in. Objectives 
will be translated in indicators and reference values or directions of change and 
Interim milestones and targets might be adopted to better monitor the trajectory of 
the rebuilding process. 



156 Rebuilding of marine fisheries - Part 1: Global review

The balance between ecological, social and economic objectives require the usual 
trade-offs, exacerbated by the depletion (and possibly collapse) of the resources 
and the community depending on them. The rebuilding efforts may voluntarily or 
inadvertently alter the allocation of assets and wealth among actors or the security of 
traditional livelihoods.

Stock-level

For target stocks level, rebuilding objectives will aim at the MSY or MEY levels of 
abundance and yield (or variants of them) as required by the LOSC. The problem 
is that both MEY and MSY are affected by species interaction, climatic factors and 
economic conditions (e.g. markets, prices of inputs or outputs). 

For associated and dependent (non-target) species, the objective is to maintain then at a 
safe reproduction level (as required by the CBD) reflected, for example, in a necessary 
minimum spawning biomass, reflecting a low risk of collapse. For species classified as 
threatened by fisheries, a recovery plan may become mandatory and the species may 
even be placed under the jurisdiction of the Minister of Environment. 

Multispecies-level

The reality is that fishing affects the whole species assemblage, not only single stocks 
and ideally, stock rebuilding objectives should consider species interactions (predator-
prey relationships) within single fisheries as well as across fisheries, particularly if 
sequential depletion has gone on, in the case of mixed species fisheries, or of “choke” 
species. Considering the theoretical individual MSY as rebuilding target for every 
species in a depleted assemblage will lead to overestimated (optimistic) rebuilding 
targets and increased risk of non-rebuilding or further collapse for the most vulnerable 
(least productive) stocks. Some multispecies MSY (mMSY) level might be calculated 
but it is a “moving target” that depends of the overall fishing pattern (distribution of 
fishing mortality on species and sizes). Restoring them all to a level where reproduction 
is not threatened and checking some key indicator species might be more feasible. 
Balanced Harvest has been proposed as a strategy, but it is still being scrutinized and 
faces significant implementation challenges in market-driven fisheries. An economic 
target (mMEY) might not be easier to determine considering the range of costs and 
prices in the species assemblage.

Pragmatic rebuilding targets could be set looking at historical properties of the 
assemblages (total biomass, species spectrum, proportion of fish above a certain size, 
proportion of demersal and pelagic species; abundance of turtles, sharks, dolphins, etc.) 
and taking “system-oriented” measures such as a general reduction of capacity and use 
of closed areas, with particular protection measures for the most vulnerable species.

Ecosystem-level

The CBD calls on States to: (i) Rehabilitate and restore degraded ecosystems and 
promote the recovery of threatened species, inter alia, through the development 
and implementation of plans or other management strategies (Article 8f); (ii) Adopt 
measures relating to the use of biological resources to avoid or minimize adverse impacts 
on biological diversity (Article 10b); and (iii) minimize adverse impacts (Article 14). Its 
Ecosystem Approach calls for maintaining ecosystem structure and function …in order 
to maintain ecosystem services, not specifying further the criteria to be used to measure 
“structure” and “function”.
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The objectives of fisheries ecological restoration face the same challenge as the 
multispecies ones plus issues related to critical habitats, to impacts from other sectors 
(e.g. competition for space and resources) and climate change. The requirement 
for fisheries in to maintain ecosystem structure and function. There are no agreed 
quantifiable goals and metrics yet of ecosystem attributes that could be used to measure 
performance. 

Restoration of the exploited ecosystem to any “pristine” conditions is generally not the 
objective as these are usually not known and, the extraction of resources from aquatic 
systems modifies inevitably the ecosystem, and the general impact of humans on the 
environment keeps modifying the baselines. 

The overarching goal concerning structure and function of the whole ecosystem can 
only be a cross-sectoral responsibility, beyond fisheries mandate. Consequently, the 
partial responsibility of the sector is to orientate the fishery system in the right direction, 
towards a “desirable” ecosystem, e.g. setting objectives related to impacted ecosystem 
components, e.g.: (i) avoiding, reducing or minimizing fishing impact, avoiding stocks 
overfishing and collapse and ensuring reversibility; (ii) maintaining species composition 
and food chain structure; (iii) reducing impact on bottom structure and productivity, 
critical habitats, and vulnerable marine ecosystems; (iv) reducing bycatch of vulnerable 
or protected species; (v) minimizing discards restoration of critical elements impacted 
by fishing; and (v) accounting for trophic needs of non-fishery species in allocating 
quotas; (vi) integrating climate change impact; and  (vii) and maintaining human 
communities’ resilience. 

EAF intends to address the multiple needs and desires of present and future generations 
regarding the full range of goods and services provided by marine ecosystems, 
considering, biotic, abiotic and human components and their interactions within 
ecological boundaries, and accounting for uncertainty- It integrates the high-level goals 
of the LOSC, UNFSA and CBD. Ecosystem-wide trade-offs include: for example, 
species diversity vs food security; fisheries employment vs global financial returns or 
food security; global versus local costs and benefits, and economic efficiency versus 
social equity.
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7. Rebuilding strategy development

7.1 OVERALL PROCESS

The central infrastructure of a resources rebuilding programme is the rebuilding 
strategy in which the ways and means to reach the overarching goals fixed by the 
relevant rebuilding policy are articulated in a transparent manner. It is nothing else 
than a management strategy developed for the specific purpose of restoring a stock 
or a group of stocks and habitats and it is usually embedded into a more general 
management strategy for the State or an area within it. An example of process for 
designing and implementing a rebuilding strategy is outline in Figure 35. 

Figure 35 illustrates that the initial demand to put in place a rebuilding strategy may 
stem from the collapse of the resources and difficulties encountered by the sector. It 
may also stem from a precautionary policy decision to establish such a strategy before 
deep depletion occurs and a special strategy and regime become necessary. This last 
situation would be good practice for stocks that have already shown to have a collapse-
prone behaviour in the past (e.g. cyclic or erratic stocks).

FIGURE 35
Flow diagram for a process to design and implement a rebuilding strategy

The strategy is connected to the ordinary management regime from which it starts when a collapse 
triggers a shift to [pre-agreed] rebuilding strategy. It is also connected to implementation and monitoring 
and evaluation (M&E) to assess performance. MSE is used to inform the selection of a strategy among 
alternatives. The implementation is formally controlled and audited for performance and in case of success 
the rebuilding regime is formally closed, exiting back to an enhanced ordinary regime   
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The rebuilding strategy development process is a replicate of the standard management 
strategy development and problem resolution cycle. It requires: (i) a careful scoping of 
the depletion problem; (ii) an integrated (multidisciplinary) assessment of the various 
strategies that might be used to solve the problem; and (iii) an advisory and decision-
making process to select the best strategy. Feedback loops between these steps are 
unavoidable, calling for reconsiderations, and this process is rarely linear. Planning and 
implementation as well as monitoring and evaluation will follow and are described in 
the following Chapter. Steps (ii) and (iii) will be dealt with separately below but should 
be seen as “integrated” with numerous feed-back loops between the two to reach an 
agreed solution (Garcia et al., 2008). Because of the complex nature of a deep depletion 
and rebuilding processes and the high potential costs of management mistakes, the 
integration of inclusive assessment and decision-making processes, advocated for 
fisheries management but still very rarely practiced (Garcia et al, 2008; Möllmann et 
al., 2014; Walther and Möllmann, 2014) becomes essential in rebuilding. The lack of 
integration, which in “normal” conditions simply reduces management efficiency, may 
generate costly “snags” in the rebuilding process, requiring changes “on the fly” and 
increasing the risk of failure of the rebuilding strategy.

The rebuilding policy (decided at top decision-making level) and strategy (decided 
at top and middle decision-making levels) are materialized in the rebuilding plan 
elaborated at the lower management level and implemented with active participation of 
the sector. The development of the rebuilding strategy and that of the implementation 
plan are very closely related and sometimes undertaken together, with feed-back 
loops, and considerations regarding the plan and the strategy tend to greatly overlap. 
In practice, it is also possible to consider the development of the rebuilding plan as 
including a strategic planning phase which would develop the strategy and would be 
followed by an implementation planning phase which then would develop its tactical 
aspects. The plan implementation is monitored (to see if any adjustments are needed) 
and assessed for performance across the entire initiative (policy, strategy, planning 
and implementation). The Plan should include a post-rebuilding protocol must be 
developed beforehand to re-place the fishery under the ordinary management regime 
(enhanced to avoid sliding back) when it is certain that the rebuilding target has been 
reached. While most fishery management strategies for single fisheries are based on an 
annual recurrent cycle, the rebuilding cycles takes usually many years and requires a 
multi-annual strategy and plan. 

Throughout the process, it is crucial to recognize the fundamental human dimensions 
involved. These dimensions have been extensively addressed in De Young et al. 
(2008) and FAO (2009) in the context of EAF implementation and are even more 
relevant in a rebuilding process because of the situation of stress in which fisher’s 
and coastal communities may be. The key considerations related to: (i) identification 
of stakeholders; (ii) understanding of societal goals and values, at local and national 
level; (iii) identification and valuation of ecosystem services; (iv) enhancement of legal, 
policy and institutional frames to integrate human dimensions; (v) mapping of the 
socio-economic drivers and issues such as: employment, livelihoods, food security, 
trade and markets, distribution of costs and benefits, equity issues, gender, poverty 
and vulnerability. 

To ensure that human dimensions have been sufficiently addressed, the strategy should 
preferably be developed in an active participatory mode involving all key actors, in a 
transparent environment with active communication and information, and informed 
by the best science available.
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Therefore, a rebuilding strategy will, inter alia: 

•	 Set out the management actions necessary to rebuild the stocks/fisheries, translating 
broad overarching policy goals (e.g. rebuild to MSY level while maintaining 
livelihoods) into operational objectives (including interim objectives), indicators 
and reference values;

•	 Define, the expected rebuilding trajectory based on the above (cf. Section 7.4 
and Figure 36): (i) the starting point of the rebuilding regime, e.g. when the Blim 

threshold93 is trespassed or approached respectively; (ii) the end-point of the 
regime, e.g. when the rebuilding target has been reached for 3-5 years in a row94; 
(iii) the expected trends between the two (rebuilding rate and time); and (iv) 
the maximum allowable rebuilding period95. These elements together define the 
rebuilding trajectory which can be encapsulated in a decision rule or a special 
harvest control rule;

•	 Define the process for monitoring and conducting performance assessments on 
rebuilding progress (resources, habitats and fisheries) and the rules and pre-agreed 
course of action used to eventually adjust fishing intensity (and distribution on 
species and sizes, eventually); 

•	 Enable managers and industry to operate with greater confidence across a difficult 
pathway, in a transparent management environment, with specified expected 
outcomes and time frames, and, hopefully, a reduced probability of unexpected 
outcomes (surprises) requiring destabilizing hasty decisions.

Different strategies may be available to reach the overarching and specific objectives 
assigned to a rebuilding process. Candidate strategies need to be examined and 
assessed in terms of feasibility, costs, benefits, effectiveness, efficiency, etc. At strategy 
level, various approaches may need to be decided when there may be different ways 
to achieve the expected outcomes, e.g. the precautionary, ecosystem, participative, 
incentive-based, regulatory approaches. Once selected, a strategy will require a plan 
for its implementation, delineating the operational constraints, means available, 
responsibilities, measures, controls, and performance appraisal processes.

The frontiers between “policy”, “strategy” and “plan” are permeable and different 
countries may have a slight different way to distribute the different levels of action 
required between these three categories. What is important is that the actions in 
question are undertaken in a coherent and timely manner. 

Expressing the rebuilding strategy in the national fishery policy and law strengthens it. 
For example, in New Zealand, the Harvest Strategy Standard (HSS) is a policy statement 
providing guidance on how law is to be applied in setting management targets and limits 
for an appropriate probability of compliance. The HSS includes: (1) A specified target 

93  Blim corresponds usually to the minimum safe reproductive biomass level, below which recruitment 
starts being negatively affected. Bcrash is sometimes used to define the level of biomass below which the 
probability of a collapse is unacceptably high. The level chosen to trigger a rebuilding strategy depends 
on the attitude to risk of the authorities. 

94  The end-point of the rebuilding regime, e.g. 0.5BMSY, BMSY or BMEY depend on the objective of rebuilding 
and of the post-rebuilding fishery management strategy.

95  For example, in the case of the Pacific Ocean Perch Punt et al (2003) suggest a maximum allowable 
rebuilding period, Tmax, of 10 years if the resource can theoretically be rebuilt to 0.4B0 (the rebuilding 
target as a proxy to BMSY) in fewer than ten years or the minimum possible rebuild period, Tmin, plus 
one mean generation.
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about which a fishery or stock should fluctuate, using ordinary management measures; 
(2) A limit that triggers a requirement for a formal, time-constrained rebuilding plan, 
with “hardened measures” de facto establishing a special rebuilding regime; and (3) A 
limit below which fisheries should be considered for closure. The HSS implementation 
is supported by technical guidelines (on the methodology to calculate targets and 
limits) and implementation guidelines (e.g. about the transition period, the role of 
science and management working groups).

Similarly, in the USA, the revised NS1 Guidelines to the Magnuson-Stevens Act 
provide guidance on rebuilding plan preparation timeline, rebuilding-time targets, 
forming stock complexes to rebuild assemblages that must be managed together, and 
action to take at the end of a rebuilding period depending on outcome, etc.

In Canada, rebuilding is done through Integrated Fisheries Management Plans 
(IFMPs) under the legal authority of the Fisheries Act. If a stock shows signs of 
decline, measures are to be introduced to reduce fishing mortality. For species listed 
as endangered (or threatened) a recovery must be developed within one year of listing 
(or two). The fishery decision-making framework incorporating the Precautionary 
Approach (2009) states that stock status zones (healthy, cautious and critical) should 
be established, based on target and limit reference points and a rebuilding plan should 
be set up when stock abundance falls below its limit reference point, to limit fishing 
mortality and rebuild the stock to a level above the limit reference point in a timely 
fashion.

In the following sections the steps leading to the adoption of a rebuilding strategy 
outlined in Figure 35 are briefly described. Examples of strategy development and 
implementation are numerous, e.g. in Costanza (1999) for a general presentation, 
Garcia et al. (2008) for a detailed application to small-scale fisheries, and OECD (2012) 
and DFO (2013) for fisheries rebuilding. 

7.2 STRATEGIC CONSIDERATIONS

The overarching goal of a rebuilding strategy (usually fixed in the policy) is to facilitate 
the fastest possible rebuilding of the resource and, where needed, the highly dependent 
sector and human communities depending on it. It is also to ensure that when the 
resource has been rebuilt, the sector will have healed the chronic diseases that led to 
depletion. 

The inter-connected actions required include (adapted from various sources including 
Glantz (1984) and DFO (1993): 

1. Natural and human wellbeing. Finding a reasonable balance between the limited 
resource supply (now depleted) and industry extractive capacity (excessive in 
most cases of collapse, obviously). Creating specific bodies and mechanisms to 
draft and oversee rebuilding strategies and plans;

2. Sectoral reform for more robust, self-sufficient and economically viable 
enterprises and improved conservation. Facilitating an appropriate down-
sizing, diversification and strengthening of the catching and processing industry 
infrastructure, with due consideration for the transitional support to, and long-
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term resilience of, the communities concerned96. Allocating resources with due 
regard to the security of fishing rights of individuals, communities or other 
groups. Providing opportunities for retraining, relocation, alternative livelihoods. 
Maintaining the market open (re-orientation; new sources of supply; consumer 
education). In the above, facing difficult trade-offs, e.g. between: (i) conservation 
and livelihoods; (ii) maintenance of capacity and technological innovation; (iii) 
small- and large-scale fisheries; (iv) traditional users and new entrants; and (v) 
maximizing rents, ecosystem services or livelihoods. These concerns are also 
those of ordinary fishery management, but they are significantly exacerbated by 
the perturbation generated by the rebuilding process;

3. Rebuilding plan. Developing an implementable rebuilding plan, supported 
by legislation and elaborated in partnership, to give effect to the strategy. A 
constant “dialogue” between the developing strategy and its implementation 
plan is necessary to find coherence between what might be desirable and what is 
practically feasible. Benefitting from the State financial and scientific support and 
from the competence and collaboration of the leading (most experienced) actors 
in the sector is essential;  

4. Transitional assistance. Providing assistance to smooth the transition period, 
including training and financial support, particularly when safety nets are 
insufficient or non-existent and for particularly vulnerable groups or sub-sectors;

5. Participation. Recognizing all types of fishers in the process, fostering their 
innovative skills and acknowledging their needs. Creating an effective partnership 
between government, industry and other stake-holders for the management of 
the resource;

6. Foresight. Preparing for rising fishing pressure to re-open the normal fishing 
regime as soon as reliable enough signals of successful rebuilding will emerge in 
the resource system. Pre-agreeing on reference values and courses of action for the 
purpose, accounting for natural and other sources of variability and uncertainty. 
Enhancing the ordinary management system to avoid sliding back into costly 
depletion. Developing research on climatic oscillations and change;

7. Transparency. Because public funds will be used, the rebuilding process and its 
spending and outcomes need to be transparent. Financial assistance should be 
contingent to adopting capacity-reduction measures.

The rebuilding strategy for a stock may also have to pay attention to other fisheries/
subsectors, besides the one that faced collapse or deep depletion, with the latter serving 
as a living example of what might happen in other fisheries in the country or the region, 
with the view to raise awareness of the problem and its consequences, and to facilitate 
reforms which might have been resisted in the past. 

When designing a rebuilding strategy, some considerations are more strategic then 
others, in terms of their characteristics and impacts. For example, there is usually a 
trade-off between its “decisiveness” or degree of departure from business-as-usual and 
the recovery time and costs, all other conditions remaining equal. A decisive strategy 

96  In Canada, a compensation of up to $400 per week was allocated to people directly affected by the 
failure of the state’s management of the resource. This allowed the Fisheries Department to maintain 
contact and leadership, including authority to impose, with the collaboration of the fisheries union, a 
down-sizing “rationalization” program. Rather than a revolution in the basic structure and process of 
management, fishery managers, politicians and others in power have exploited the chaos and fear of the 
crisis to impose a revolutionary restructuring policy on the fishing industry, one that had been advocated 
in various forms since 1982 but which had been successfully resisted by the industry until the northern 
cod moratorium (McCay and Finlayson, 1995). 
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would decide to close the fishery and add large NTZs to avoid any interference of other 
fisheries with the rebuilding process. Although they tend to be less effective, milder 
strategies would select a very progressive reduction of mortality and additional gear 
regulations. The use of a moratorium may increase immediate compensation costs but 
decrease rebuilding time, allowing an earlier reopening of the fishery. Alternatively, 
allowing some (even low) level of harvest would reduce economic stress on local 
populations while extending rebuilding times and leading to a net loss of economic 
value (Costello et al., 2012). The trade-off between: (i) high immediate costs with, on 
average, shorter recovery and compensation times, but with uncertain benefits, and 
(ii) the opposite, with lower immediate costs but longer and even less certain recovery 
time and benefits, is classic in conservation (e.g. in the introduction of no-take-zones). 
Important elements of the decision required are the capacity of the fishery community 
to absorb the shock (e.g. depending on its wealth and economic alternatives) and its 
potential behaviour in response to the strategy (e.g., with compliance or with IUU). 

Some of these strategic considerations, to be evaluated in the strategy evaluation 
process or imposed in the policy, are examined below.

7.2.1 Rebuild or not rebuild

When stocks are only lightly overfished, the level of uncertainty may not be much 
different from the ideal situation, e.g. at MSY, and the ordinary management regime 
might be sufficient, with small annual adjustments to remain on target except in case 
of accident (e.g. El Niño). 

When, on the contrary, stocks have been deeply overfished (e.g. by a combination of 
excessive effort, bad environmental conditions and sluggish decision-making), putting 
the stock in a very vulnerable state, requiring emergency action, a set of “extraordinary 
measures” will be required –in addition to or in replacement of those used for ordinary 
management – to avoid total collapse, if possible, and increase the chances of recovery.
 
A first decision is therefore whether a specific rebuilding regime is needed or not. 
The challenge is to define the costs of depletion and the risk of outright collapse if no 
action is taken, as well as the relative cost and benefits of various, more or less drastic 
rebuilding regimes (see also Section  7.5.2 on misses and false alarms). It is to determine 
whether the ordinary Harvest Control Rule, albeit with tighter application, might 
be sufficient or whether a deep recovery is needed, with a special rebuilding regime, 
because of the serious adverse impact faced. This could require a more precautionary 
and more reactive management strategy (and perhaps a different HCR). The recovery 
plan in such a case may vary significantly change allowable catches (which might 
be totally prohibited) creating difficult economic situations, and international issues 
for straddling or high seas stocks. The need for rapid management response may be 
contrasted by those losing most in the process. 

The integrated assessment (Section 7.3.2) may provide elements of response and the 
conclusion of the assessment might be that no drastic action is needed. The decision 
might be made easier if the critical limit (e.g. Blim) at which rebuilding MUST start, has 
already been agreed, in the law or the policy.

An important issue is that complacency with overfishing and procrastination in 
decision-making and implementation of a recovery regime could be very costly, as 
shown in the case of the Canadian cod (Rice, 2018) and might be happening with the 
southern North Sea Cod (Froese and Quaas, 2012).
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7.2.2 Strategy selection criteria

Having decided that a rebuilding strategy is in order, some of its elements may be pre-
conditioned by the legal or policy frameworks. For example: (1) Overarching goals: 
e.g. maximising net economic returns to the national economy and or minimizing 
collateral impact on the ecosystem;(2) Rebuilding targets: e.g. biomass at MSY or MEY. 
Biomass critical limits, etc.; (3) Rebuilding time, such as a multiple 1.5 or 2 times the 
mean generation time (DFO, 2013); (4) Effectiveness: e.g. probability to reach the target 
within the allowable time; criteria for distribution of costs and benefits; (5) Consistency 
with EAF management principles; (6) Consistency with the Precautionary Approach; 
(7) Impact on equity; of sustainability; (8) Conservation values; (9) Economic and social 
constraints, including economic efficiency and food security; (10) Transparency  and 
participation in decision-making; and (11) Adaptability of the strategy in case of need. 

Strategies will mainly be selected based on cost/benefit considerations, with a broad 
definition of both terms. Costs and benefits, and their allocation among actors have 
important social and political consequences, and depend, inter alia on the approach 
adopted to reduce and control fishing pressure (e.g. regulatory vs incentive-based) 
and on the expected trajectory of key stock and fishery parameters [see Costello et al. 
(2016) 97 for an example]. 

7.2.3 Regulatory approaches

The approaches used to control and reduce fishing pressure have significant consequences 
for the actors, in terms of overall effectiveness and efficiency as well as distribution of 
costs and benefits among actors. As a consequence, the key approaches may be laid 
down in the policy and the selection not left to a simple cost/benefit analysis. The 
approaches could include (Caddy and Agnew, 2004):  

1. Constant catch. This option may be preferred by industry and is an option if 
it can be set low enough to allow rebuilding. It implies reduction of fishing ef-
fort (and costs) as biomass builds up, increasing also economic profitability. Such 
strategy does not react to (and compensate for) oscillations of recruitment but 
will implicitly “bank-in” benefits in the good years (increasing B faster than 
planned) and “pay-out” in bad years. It could be effective if variations of recruit-
ment are random, but dangerous if they are auto-correlated. Leakages (bycatch, 
under-reporting, IUU) need to be strictly controlled;

2. Constant fishing mortality. The level of F might be fixed at Flim or any lower level 
than Flim, implying that catches are left to grow as the stock builds up. The F value 
will be selected to leave a sufficient net gain in biomass every year, contributing 
to progressive build-up. In this case, eventual changes of the catchability (q) with 
abundance must be very carefully accounted for. Assuming that the value of (q) 
(the relation between capacity/effort and fishing mortality) for the depleted re-
source is the same as in the preceding historical phase is very risky;

3. Rising F as biomass grows. This is an adaptive strategy. That may avoid some of the 
shortcomings of the others. However, it supposes a good measurement of biomass, 
something we know by experience is not easy, neither for pelagic nor for demersal 
fish. Problems with the stability of (q) remain. In some cases, an initial moratorium 
might kick-start the recovery, and could be followed by rising F as stock increases;

97  Their analysis is global but based on discrete fisheries singly analysed, addressing all world stocks, 
assessed and unassessed, and as well as Illegal, Unreported and Unregulated (IUU) fisheries production, 
an exercise fraught with uncertainties.
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4. Modulating effort in space and time: Effort distribution could also be modulated 
in space (and on age-groups) using rotating harvest and other space-time clo-
sures (Caddy and Agnew, 2004; Walters and Parma, 1996), confining harvesting to 
small ‘windows’ in space and time so that only a small fraction of the rebuilding 
stock is accessible each time and unnoticed increases in fishing power will only 
shorten the fishing periods (assuming low mixing rates between spatial units) (see 
also Sanchirico  (2010) on metapopulations). In case or poor quality or limited 
information, lower the quota accordingly to reduce risk of inadvertent depletion. 
Modulation of effort in time is fundamental and developed in Sections 7.4.2 and 
9.3;

5. Allocation of fishing rights may play an important role in mobilizing coopera-
tion, more easily accepting immediate sacrifices for longer-term benefits.

The approach may be selected on the basis of the analysis or imposed in the policy, 
based on overarching studies and strategic choices (e.g. regarding the national economic 
policy).

Testing alternative rebuilding strategies against agreed performance parameters can be 
done ex-ante using a Management Strategy Evaluation (MSE) framework (cf. Section 
7.5.6) that includes bioeconomic analysis to help ranking objectives and optimize 
the rebuilding transition, forcing groups of stakeholders to be transparent in their 
respective objectives and performance indicators (Larkin et al., 2011).

7.2.4 Active or passive rebuilding?

The tools that can be used for rebuilding depend on whether an active or a passive 
rebuilding approach is selected, and both approaches may be combined. 

Active rebuilding starts from the principle that the factors leading to depletion 
and collapse are mainly of human nature and can be controlled and reversed. The 
tools include all those already available for responsible fisheries management to (i) 
reduce fishing pressure and (ii) change its distribution on species, sizes and spaces. 
Paradoxically, even a moratorium, closing the main fishery to let natural process work 
undisturbed, will require active management to ensure enforcement of the closure and 
control possible bycatch of the depleted species by fisheries on other target species. 
Even no-take zones, if used as fishery reserves might be considered as part of the active 
rebuilding plan and even a moratorium requires active control to be enforced.

Passive rebuilding is used when it is believed that Nature can heal itself better 
(McDonald, 2016). This has been a major inclination on non-extractive marine protected 
areas (No-Take Zones), particularly categories I and II of the IUCN typology, in which 
all human interventions, management and sometimes even research, were excluded. On 
the one hand, the large proportion of failed “paper parks” and growing development 
of a concern for effectively managed MPAs in all global summits indicate that passive 
rebuilding is not that effective, particularly in densely populated regions. On the other 
hand, the positive impact observed inside well-managed and researched NTZs (e.g. on 
species diversity, composition, individual size, biomass, etc.) indicate that whether or 
not the expected spill over from NTZs to fisheries occurs, the rebuilding impact on 
biodiversity and the portions of stock inside NTZs can be significant. 

The translation of that paradigm in fisheries means closing the fishery (moratorium) 
to eliminate that source of disturbance. Moratoria have been proven effective by the 
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rebuilding that occurred during World WWI and WWII. However, the conditions were 
particularly drastic and painful for communities, and the cost of violent “enforcement” 
was subsidized by war expenses. In normal situations, fishing moratoria have large 
direct and opportunity costs for the industry and coastal communities that grow 
rapidly with protracted rebuilding times. Consequently, an economically, ecologically 
and socially optimum rebuilding strategy needs to integrate all costs and risk, to the 
resources and the people, including the cost of compliance which may grow rapidly as 
the system biomass and perspective of good profits grow.

It must be stressed that “abandoning” a resource when it abundance pushes it “under 
the radar” cannot be considered a “passive rebuilding” as most of the species meeting 
that fate never recovered (see Dulvy et al., 2003; cf. Section 2.3). The lack of recovery 
may be related to the fact that accidental mortality (through bycatch) remains too high 
even though the target fishery has disappeared. The “natural” recovery might be more 
likely when the collapse is to a large extent due to climatic oscillations.  

7.2.5 Rebuilding scales

The design of a special rebuilding regime implies defining the scale at which this regime 
applies. The bioecological system and the human system have functional scales which, 
in a functional social-ecological system, should match for governance to be effective. 
This principle applies in rebuilding. 

Natural scales may be: (i) geographical: a bay, an estuary, a gulf, an ocean; (ii) biological: 
a stock and its life cycle; or (iii) ecological (e.g. the species assemblage and surrounding 
environment, the ecoregion or Large Marine Ecosystem). Human scales may be: (i) 
political: a local community, a state in a federal nation or in the European Union; 
(ii) jurisdictional: one or many EEZs (shared stocks), the High Sea (for straddling 
and highly migratory species), the area of competence of a RFMO or Regional Seas 
Organization; or (iii) technological: fleets and gear interactions; and (iv) economic: 
global markets; supply demand; global economy. In the globalized fishery world, 
with massive transfers of fishing and processing capacity as well as fishery products, 
a collapse and a rebuilding regime in one area, for one stock or assemblage may 
have consequences in other areas and on other stocks as well, e.g. through ecological 
linkages, capacity transfers or through the market. 

When overfishing becomes rampant and the risk of collapse spreads, the problems 
faced are chronic and systemic, calling for a systemic solution. This should raise the 
genuine question: when we consider rebuilding a stock (the most obvious object to 
collapse) are we treating a “disease” or only one of the symptoms of an over-developed 
system? Should we look for rebuilding of that stock or think at a larger-scale, looking 
at more macroeconomic and environmental factors acting at system scale? Should we 
not develop strategies at that scale instead, for wider effects, earlier detection and more 
least-cost and sustainable response than in a case-by-case approach? A comprehensive 
scale would minimize the risk of transfers of fishing capacity to other stocks/
fisheries starting a deleterious domino effect (leakage). It would also allow a more 
rational restructuring of fleets, finding complementarities, rationalizing compensation 
mechanisms or capacity transfers and reductions. 

Scaling up rebuilding would justify/allow national legislation development, creating 
the framework needed to proceed efficiently at system level. It may help generating 
the attention needed from investors, reducing their risk, and facilitating rebuilding as a 
nation-wide infrastructure development and investment project.
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Scaling up at regional level would have the advantage to facilitate the adoption of a 
really “ecosystemic” approach to fisheries rebuilding. It would however necessarily 
raise also the problem of the other sources of degradation of that ecosystem 
productivity and value, which fishers themselves pay, every day, through loss of 
productivity and food contamination. It would open the question of space allocation 
between fisheries and other industries and would boost the conditions for integrated 
management at EEZ level, at least. In addition, scaling the problem to include other 
countries in a region has the advantage of facilitating pooling of experience prior, 
during and post collapse about cases which are likely to present similar socio-
economic and ecological characteristics.

However, scaling up may also scale up social opposition and is worth considering only 
when and to the point where there are obvious cost/benefits advantages. The trade-off 
may be between simplifying the task using a reductionist approach (stock-by-stock) … 
and fail from unaccounted connections, and using a more holistic sector-wide approach 
…and fail by embracing too much.

Finally, the scaling up may also be problematic if the scale is too broad. Fisheries 
management is conventionally based on a practical management unit, the “stock”. 
However, many stocks may consist of “metapopulations” of sub-stocks, biologically 
distinct by genetically interconnected. Managing them as a single stock may lead to 
problems as the apparent resilience of some components may hide the collapse of 
others and the rebuilding of some may fail to restore the whole original structure… 
and abundance. The issue has been raised many times (e.g. by Stephenson, 2002; Hauge 
et al., 2009) and was deemed relevant in the case of the Canadian cod collapse (Walters 
and Maguire, 1996; de Young and Rose, 1993). However, determining the structure 
of a stock and figuring out the bioecological and socioeconomic implications is not 
straightforward, and managing separately the elements of a metapopulation may be 
operationally very costly. This issue connects directly to that of developing a more 
explicitly space-based management of fisheries.  

7.2.6 Rebuilding baselines

In natural resources management, criteria such as biomass, age structure, species 
diversity or geographical extension could be used to establish baselines. The value 
selected may correspond to a historical level when it is known, or any other level 
considered adequate. The baseline may be selected as objective or used to define the 
objective. When historical baselines are not available or have become irrelevant (e.g. 
in a definitively converted ecosystem), the present poor state (or a future desirable 
state) may be used as a reference, to measure the speed at which the system changes in 
relation to its poor or desirable states, reflecting the management performance.

The issue is complex when considering the rebuilding of biodiversity or the 
ecosystem. We generally have rather little information about the unexploited state of 
our ocean ecosystems. The use of ecosystem models may provide a virtual image of 
the ecosystem in absence of fishing, the reality of which may be illusory. Even if the 
historical state of a degraded ecosystem was well known, there is no guaranty that 
it would return to it if fishing was stopped or how they would “look” if we would 
significantly reduce fishing pressure. Therefore, even though reference points based 
on the undisturbed situation seem intuitively attractive, they are difficult to establish 
in practice (Gislason et al. 2000). Consequently, in many instances, historical baselines 
will be replaced by forward-looking rebuilding “image” representing the “desired” 
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ecosystem, recognizing that it will help giving the direction of the rebuilding action 
more than its exact end. 

In biodiversity rebuilding, the approaches and criteria are usually derived from 
experience in terrestrial conservation. In the IUCN Red List for example, a 20 
percent decline in 10 years, is sufficient to declare a species as “Threatened” while 
a 50-80 percent decline in 10 years put it in the “Endangered” category. This is of 
course a serious issue in marine fisheries were: (1) a 50 percent decline or so of the 
stock takes it to its MSY size, in accordance with the LOSC; (2) natural oscillations 
alone have been shown to create collapses with decline of 1000 percent or more in 
a decade or less. That discrepancy may create problems in defining the conditions 
for setting into force a rebuilding process with increased role of the Ministry of 
environment. The problem has been met in relation to listing of fishery species in 
CITES Appendices (FAO, 2000). Mace et al. (2014) conclude that after 20 years of 
interaction between fisheries and conservation governance, differences in view point 
and practices remain, not only in the determination of risk but also on what needs 
to be managed, and by whom. At national level, the issue must be resolved when 
deciding on the trigger values to open and close a rebuilding regime and allocating 
responsibilities in the process.    

In fisheries, rebuilding goals are often related to “baselines” describing how the stock 
was in the past and reference values or lines describing how we want it to look like in 
the future. For a fishery resource, the baseline is obviously not the unfished stock size 
(B0) but might be a fraction of it (e.g. 0.4-0.5 of B0) calculated when fishing is set to zero 
or measured in the past in a situation considered as healthy. It might be the biomass 
at MSY (BMSY), a biomass considered as a precautionary safe level (BPA) below which 
reproduction is threatened, or the biomass at which the probability of a collapse is very 
high (Blim). Historical catches may be used as baseline as well (e.g. maximum historical 
5-year average value) when nothing better is available. The BMSY reference value is often 
used as rebuilding target and to signal the end-point of the rebuilding regime (Palmer et 
al. 1997; see also Figure 36  and  Section 7.4.5). Bpa and Blim are mainly used as triggers 
of corrective action. 

For non-target species, it has been argued that key elements of the ecosystem structure 
and function need to be present and fluctuations need to be kept within the “natural 
range” resulting from environmental forcing and sustainable use and at the level at 
which their reproduction is not threatened. These non-quantified criteria leave the 
rebuilding goals for these species rather “fuzzy”, allowing agencies responsible for 
rebuilding to better specify baselines in each case (Collie et al., 2008). 

However, the baselines on which they may be based are essentially human constructs 
and as such are subject to human error. If biased, they may overestimate rebuilding 
performance or underestimate depletion risk. Two examples:

1. Variability: The use of a static baseline as operational objective may be a serious 
problem in a naturally variable or oscillating production system in which, ideally, 
the objective should account for, and track, the natural oscillation or account for 
natural variability, selecting a reference range instead of a single average value 
(Caddy and Agnew, 2004);

2. Shift: Historical baselines are usually based on the available scientific information 
which –for many reasons– may not provide a correct information about the 
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difference between past and present states, a phenomenon called shifting baseline 
syndrome by Pauly (1995). Reasons for that shift may be that: (i) successive 
generations of scientists “forget” (lose sight) or earlier observations (Pauly, 1995); 
(ii) important declines occurred before scientific records started (Myers and 
Worm, 2003; Bolster, 2012); or (iii) the methodology used for assessment (e.g. 
cohort analysis) is sensitive to the number of years available and past estimates 
need to be revisited as the time series available gets longer. (iv) climate change 
has started already shifting distributions and changing population parameters.  
Contrary to the others, this last source of shift makes old historical references 
obsolete.

7.2.7 Slow or rapid collapse

How special the regime needs to be and what type of trajectory might be expected 
depends on the abruptness of the depletion and collapse and the vulnerability of the 
resource and sub-sector concerned. The earlier the management response, the less 
“special” the rebuilding process will need to be.

As we have seen in Section 2.2.4, the deep depletion process may be smooth and 
progressive, chaotic and hence uncertain, or rapid, often breaking by surprise a period 
of stable production.

A smooth depletion is often observed in case of progressive overfishing of a mix of 
diversified resources, or a long-lived species progressively depleted. The collapse may 
be faced (and possibly averted) by an active approach, with progressively increasing 
stringency of the management measures. New and additional instruments are tried, 
such as technological standards, space-time regulations, effort control, capacity 
control, fishing rights, MPAs and partial or total moratoria) improving also legislation 
and monitoring control and surveillance (MCS) to deter free-riders. However, in a 
multispecies and poorly monitored system, serial depletions may remain unnoticed 
until it is too late. If the depletion involves coastal degradation, rebuilding will at best 
be partial when compared to historical levels.

A rapid depletion is often due to excess fishing pressure but triggered by an 
environmental oscillations or series on unfavourable events (e.g. El Niño). The degree 
of “surprise” is high if adequate indicators were not in place (e.g. condition actor). The 
brutal evolution requires brutal measures that generate a situation of crisis, with painful 
social and economic consequences and massive investments in rebuilding the natural 
capital while assisting the sector and communities to absorb the “shock”, pending 
uncertain outcomes. A more passive approach may be appropriate waiting for the 
reversal of the environment driver.

An erratic depletion poses hybrid problems belonging to the other two categories. In 
addition, the low signal/noise ratio does not allow a rapid unequivocal detection of 
the looming collapse process and the need to put in place a special rebuilding regime, 
also leading to high “surprise”. The erratic nature of the collapse, may not provide 
enough contrast in the data to detect the causal factors and take the adequate steps for 
rebuilding.
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7.3 STRATEGY EVALUATION AND SELECTION PROCESS

7.3.1 Step 1: Scoping

Designing a rebuilding strategy implies having in mind a check-list of elements to 
be considered ex-ante in the strategy design process and used also to assess ex-post 
the performance of the rebuilding policy and strategy and to draw lessons for future 
similar occasions. The list of elements to consider rapidly in the scoping step, and in 
greater depth in the following steps, are rather generic and include:  

•	 Consensus on the situation: It would be very difficult to implement a constraining 
rebuilding strategy without a good level of consensus of the stakeholders that it 
is necessary. Obtaining consensus implies undertaking a participative assessment 
of the ecological, biological, economic and social situation of the fishery (or 
the sector), the rebuilding targets, and the options available for correcting that 
situation. This requires a good level of genuine participation. The problem may be 
particularly acute in international fisheries (OECD, 2012: 101);

•	 Binding and guiding frameworks: legal frames - binding rules to set a rebuilding 
regime into force and to close it, formal (non-discretionary) recovery plan, plan 
opening and closing conditions, maximal duration of the plan; jurisdictional 
controversies e.g. about shared, straddling and international stocks; fishery 
policy frames providing specific recovery goals of bioecological or socioeconomic 
nature, and other relevant national policies (economic, social, environmental);

•	 Rebuilding context: history; political stakes; variability and change; state 
of critical habitats and potential rehabilitation; social and economic drivers 
(vulnerabilities).

•	 Assessment of alternatives: risk assessment; methodology; data; models; baselines; 
relevant scale; connection to indicators; possible biases; formalisation process; 
transparency; credibility; monitoring; communication; determination of the 
fishing regime (F/age and F/species); stakeholder analysis; economic and social 
implications (costs; benefits; distributional issues in time and among actors); 
depensation issues; relative level of depletion; possible rebuilding goals; trade-offs 
between rebuilding effort and time; rebuilding strategy evaluation.

•	 Information: stock parameters (growth, mortality, recruitment, lifespan, maturity, 
stability (chaotic, cyclic, stable), age structure, predators, preys; multispecies 
issues: species interactions (predators, preys); technical interactions: multiple 
fleets, bycatch and discards for each fleet, gear or metier; fleet(s): excess capacity, 
alternative uses; economic viability, innovative capacity; market(s): local, global, 
risks, prices, product substitutability; dependent communities: level of dependence, 
impact on livelihoods, food security, employment, alternative livelihoods.  

•	 Decision-making items: risk-assessment framework; stock-rebuilding decision rule 
(targets, limits, precautionary triggers); possible implementation errors; leakage 
(transfers of risk to other fisheries); formal opening and closing of the rebuilding 
regime, design of a post-recovery management regime; participation; recording of 
arguments and decisions.



Rebuilding strategy development 171

•	 Management Measures: capacity/effort reduction (how much); gear restrictions; 
closed areas; stock enhancement; rotational closures; moratoria; financial incentives; 
compensations; precautionary approach; sentinel fisheries.

•	 Implementation: management infrastructure; capacity; transparency; flexibility; 
clear responsibilities; participation; stakeholder conflicts; compliance; enforcement 
(zero tolerance); appeal and litigation processes; independent performance review 
both during implementation (adaptive process) and ex-post (lessons learned). 
Implementation problems.

The scoping step of the strategy development process provides the opportunity for 
a “quick scan” of these questions, allowing inter alia for: (i) An overview of the 
situation; (ii) Identification of possible objectives, a political decision constrained 
by ecosystem realities; (iii) Identification of trade-offs: what exactly to rebuild 
(biomass, age structure, assemblage)? For which stake holders (re-allocation, 
equity)? In how much time? (iv) Definition of the problem “boundaries”: 
geographic scope; the nature of resources to be rebuilt; the sub-sector(s) involved: 
large scale or/and small scale; (v) Identification of key scientific players (multi-
disciplinary assessment team), local sources on knowledge (key informants), 
leaders and stakeholder analysis; (vi) Identification of key vulnerabilities and 
need for safety nets for the resources (e.g. MPAs) or the vulnerable communities 
(compensation or assistance programmes). 

Scoping does not involve any detailed assessment. The multiple dimensions of the 
specific case are simply outlined, conceptually inter-connected and each aspect will 
be duly considered in the required level of detail during the rest of the process. The 
result of this step is a timed and annotated road map for the strategy development 
process, with an improved perception of the scope and difficulty of the task, of the 
competencies and means needed to face them, of the key problems to address, and of 
the time probably needed to complete the rebuilding plan98.

If the rebuilding process concerns an already well-informed fishery system, the scoping 
step may be very short.

7.3.2 Step 2: Integrated assessment and selection process

A multi-disciplinary assessment

The partially overlapping domains to cover and the human elements to involve (in 
brackets) in the integrated assessment and decision-making process are: (i) Resources 
(fishery biologists); (ii) Surrounding ecosystem (ecologists); (iii) Technology which may 
need to be adapted (fishers, gear technologists, engineers); (iv) Markets (economists, 
fishers, processors); (v) Stakeholders (sociologists, fishery and environmental NGOs, 
Administration, academia, conservation); and (vi) Institutions, particularly interfacing 
institutions that can resolve conflicts and facilitate integration (administrators, lawyers, 
Institution economists). 

The relative priority in the elements to integrate depend on the context, complexity 
and urgency of the matter, and whether and how far some potential domains may have 

98  The time allowed between characterizing a stock as requiring rebuilding and presenting the rebuilding 
plan to the authorities is sometimes defined by law (as in the USA) to avoid procrastination.
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already been considered, independently of the rebuilding planning process, making 
information readily available. 

The assessment will cover: (i) compilation of available ecological, social (including 
cultural and institutional) and economic information; (ii) assessment of the history 
and present situation: the state of the resources and key habitats; (iii) factors at play 
in the depletion (that need to be reversed, as a minimum); the interactions to be 
expected with other species of the assemblage or other fleets; (iv) identification of 
reasonable objectives that could be assigned to the process (ranked and with pros 
and cons); (v) possible rebuilding trajectories for the population (e.g. biomass) and 
the fishery (e.g. allowed capacity and TAC), preferably costed; (vi) identification 
of trade-offs, e.g. between recovery times, probability to recover, measures 
stringency and cost; (vii) elaboration of corresponding candidate Harvest Control 
Rules (HCRs) and identification of the reference points indicating the beginning 
and end of the rebuilding process; (viii) need for safety nets, subsidies, alternative 
livelihoods; and (ix) foresight of the likely reaction of the impacted actors, at 
opening of the rebuilding process, towards its end, as resources rebuild, or if they 
don’t. A scenario analysis (supported by modelling) and risk analysis would be very 
helpful. The entire process would benefit from a supporting legislation to reduce 
interaction costs and speed-up implementation.

The integrated assessment phase is probably a good opportunity to undertake a 
thorough Environmental Impact Assessment (EIA) to get a comprehensive picture of 
the landscape within which the rebuilding process is inserted.

The result is a set of analysed strategies that all contribute to the policy goals and 
constraints to some extent, with their pros and cons.

A participatory selection process 

Within that step, in a highly participatory process, the assessed strategies are presented 
to stakeholders and decision-makers with their pros and cons and one of them is 
selected as satisfying the majority of the stakeholders or providing the best acceptable 
balance between vested interests with due consideration to the resource-rebuilding 
priority. The arguments of the decision are recorded for future reference. The results 
should be publicly available. Before reaching consensual decisions, the debate may lead 
to re-assessments (feed-back loop).

The decisions on approaches, operational objectives, final and interim targets, trade-
offs (e.g. between costs, rebuilding speed and capacity) and other management 
options are a policy and societal matter, not a scientific one even though they ought 
to be informed by good science to improve transparency and legitimacy. The selected 
trajectories should consider inter alia cost-benefits and total welfare across the entire 
trajectory, preferably in Net Present Value of each scenario. 

It is advisable to have a strategy revision protocol in case unexpected events or 
performance require an adjustment of the strategy, including pre-agreed courses of 
action. Triggers of the protocol may be the occurrence of unexpected recruitment 
shortfalls (e.g. calling for additional cuts on fishing or an outright moratorium) or, on 
the contrary, unexpected good years, calling a decision to cash in the windfall gains 
and “soften” the rebuilding plan (to reduce stress on actors) or to speed-up rebuilding 
(accelerating the return to the ordinary regime). 
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The respective role of scientists, fishers, and other stakeholders in the decision-making 
process will depend on political systems.

The result is the selection of an agreed strategy.

7.4 REBUILDING TRAJECTORIES

While the shapes of collapse trajectories have been characterized (Figure 12), recovery 
trajectories have not. Very often, collapse and recovery are jointly discussed based 
on landing data as these are the most available worldwide and for most resources. 
However, while the most likely explanation for a rapid decrease in landings in an 
ongoing fishing activity is likely to be a collapse in stock abundance, the post-
collapse increase in biomass may not be reflected in increased landings if the fishing 
activity does not resume. Good examples are given by Atlantic herring and mackerel 
stocks which collapsed in the 1970s (as well as fisheries and landings) and increased 
back in the 1980s with no equivalent increase in landings (Sherman, 2008: Fig. 4.9). 
Inferences on the collapse duration based only on landings data should therefore be 
taken with great caution, particularly for low value species.  

In any case, once the rebuilding strategy has been broad-brushed at the policy level 
and decisions have been made regarding the overarching goals (triple bottom-line; 
rebuilding thresholds and targets), the nature of the main approaches (e.g. participative; 
incentive-based; social security) and the constraints (e.g. planning deadlines; regarding 
rebuilding time; vulnerable human communities; threatened status), the way in which 
that strategy will be implemented in practice needs to be worked out. The expected 
rebuilding trajectory is to be foreseen as much as possible because management costs 
will depend on it. 

An important element of that analysis is the decision about the expected evolution of 
the management outcomes (e.g. the trajectory of spawning biomass, see Figure 36) and 
drivers (e.g. the trajectory of allowed fishing pressure, see Figure 37). The trajectories 
of the drivers are decided and hence relatively well known (but see Section 7.4.4) and 
serve as a roadmap for management. They may have to be modified “on the fly” if 
the fishery system responses do not correspond to expectations. Outcome trajectories 
materialize the responses of the socio-ecological system to these drivers, i.e. the 
recovery path. They might be anticipated through simulation (e.g. through the MSE 
process, Section 7.5.6) in terms of probability of achievement but are never known 
with certainty. 

The recovery path must also be socio-economically viable (e.g. Martinet et al., 2007; 
Martell and Walters, 2008).

7.4.1 Structural elements

The trajectory encapsulates all the key decisions required to put the rebuilding strategy 
into effect. Such trajectory should ideally be pre-agreed with the stakeholders before 
it becomes needed, hoping that it will never be needed, but ready to be implemented 
without lengthy debates if needed. The trajectory (a theoretical example of which is 
in Figure 36) is defined by: (i) the starting point; (ii) The rebuilding targets; (iii) the 
desired evolution of the rebuilding process; and (iv) the end point of the trajectory.
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1. The starting point of the process, at which rebuilding becomes mandatory is 
defined, for example, by the lower acceptable spawning biomass (Blim or Bcrash) 
operating as a trigger. The level should be defined accounting for measurement 
variability and potential bias to reduce the risk to trespass it inadvertently. 
Alternatively, precaution may be added by setting threshold reference points 
(ThRP) that will be both an early warning sign and a trigger for putting the 
rebuilding regime into force;

2. The rebuilding target(s) may be defined in terms of biomass and age structure, 
related to legal reference levels such as MSY, MEY, maximum employment or 
any variant or combination of these. Measurement error and bias should also 
be considered to avoid premature interruption of the rebuilding process and 
sliding back. In Australia, for example, the management and rebuilding reference 
target is BMEY for primary target species, and BMSY for secondary targets (by-
product) species. The default precautionary limit Blim (sometimes used as interim 
rebuilding target) is 0.5BMSY or 0.2B0. The target is mandated to be achieved 90 
percent of the time (i.e. 9 years out of 10) at least (S. Zhou, CSIRO, Pers. Com.). 
Defining rebuilding targets in relation to the MSY level is legally mandated and a 
largely followed rebuilding paradigm. However, Larkin et al. (2011) questioned 
this paradigm as being inconsistent with the premise of managing and sustaining 
a fishery over time because the MSY may not be economically sustainable, may 
reflect historical conditions not pertinent anymore, may not be precautionary 
enough, etc. Costs, benefits and uncertainties would need to be fully considered. 
The fact remains that the LOSC and, more explicitly, the UNFSA impose MSY 
as a minimum rebuilding target which does not prevent from selecting a higher 
biomass target for ecological or economic reasons; 

3. The desirable evolution (trend, trajectory) of the rebuilding criteria between the 
starting point and the rebuilding targets, i.e. the rebuilding rate and the acceptable 
rebuilding time, can also be tentatively foreseen, e.g. following the species 
characteristics, policy commitments and legal requirements (such as maximum 
rebuilding time allowed). The specifications of the evolution will depend on, for 

FIGURE 36
Component elements of a rebuilding strategy using the biomass 

trajectory as criteria

Other criteria (E.G. fishing mortality; Mean individual size in the population; Net Present Value) would 
show different trajectories. Some trajectories describe the development of the action (e.g. allowed fishing 
pressure) while others reflect the outcomes (e.g. spawning biomass). These trajectories may be designed ex 
ante (in the planning process) and observed as outcomes of the process. Their comparison, as the second 
develops, allows a performance assessment and can be used to correct the strategy “on the fly”
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example, the approach to control fishing pressure (catch or effort); the modalities 
of its adjustments, up or down, abrupt or progressive; and additional measures 
such as closed areas and seasons, special gear regulations, incentives. The trajectory 
is usually a compromise between levels of restriction (and hence immediate costs) 
and time needed for rebuilding even though the relation between the two is fuzzy. 
The risk of depensation and other sources of hysteresis in the recovery trajectory 
(e.g. due to climate variations) should be assessed and accounted for as much as 
possible and depensation delays expected;

4. The end-point of the rebuilding process. It is a critical element of the rebuilding 
process as the perceived rebuilding of the stock often leads to building up of 
pressure to re-open the fishery, even progressively, with the risk of sliding-back. 
Strict legal criteria, agreed from the onset, will be helpful.

Some of these elements are examined in more detail below. 

7.4.2 Rebuilding strategy trigger

The design of a rebuilding plan has often been triggered by a collapse, but this is not 
the most effective way to react to depletion as a lot of precious time will be lost in 
negotiating and preparing it, potentially aggravating the situation and the future costs 
of rebuilding. 

Ideally, the recovery strategy should have been negotiated with stakeholders before 
the occurrence of critical depletion, with pre-agreed decision measures, as part of 
the precautionary approach and it should be triggered from within an ordinary 
management Harvest Control Rule (Section 7.5.4) when the stock falls below the 
formally agreed Limit Reference Point (LRP)99, the rebuilding plan is implemented. 
Ideally, the strategy should start being implemented before reaching that limit, to avoid 
the risk of trespassing it inadvertently. A Threshold Reference Point (TRP) (Garcia, 
1994) may be used as trigger, ensuring fast and effective reaction. 

7.4.3 Rebuilding time

The rebuilding time is an important element of the strategy. It obviously depends on 
the residual stock characteristics (growth, reproduction) as affected by the depth of 
the depletion process and on the fishing pressure exerted on it during the depletion 
process but also on environmental conditions during that process, which facilitate or 
impair it (Caddy and Agnew, 2004). These authors showed a close similarity between 
the half-periodicity of natural stocks oscillations and the observed rebuilding times 
(a range of about 3 to 25-30 years with a median of about 10-12 years). Costello et al, 
(2012) showed, by simulation, that rebuilding times (i.e. the time needed to rebuild 
stocks from 0.4 BMSY to BMSY) may vary from 4 years for sub-tropical shrimp stocks 
to 26 years for deep temperate rockfish stocks. They argue that the fastest rebuilding 
scenario (obtained with a moratorium) is usually not the most economically optimal. 
In some countries, to enhance that decisiveness, the rebuilding time is imposed by 
law, as in the USA where a maximum recovery time of 10 years is imposed. The 
rebuilding time is also sometimes fixed at 1.5 to 2 times the mean generation tome 
(DFO, 2013) to allow for reproductive potential build-up.

99  Also referred to as Minimum Safe Biological Limit (e.g. Blim) or precautionary approach level (e.g. Bpa)
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This result suggests that past rebuilding times may have to do more with prevailing 
natural conditions than with human action, if any.  It also implies that even when taking 
effective rebuilding action, delays can be expected before obtaining the full expected 
impact, the duration of which might be approached looking at historical patterns of 
biomass or catch. 

Rebuilding time might also be affected by regime changes (e.g. unidirectional shifts 
between alternative changes instead of characterized oscillations). Such changes are 
usually unpredictable and cannot be integrated in simulations. Often, the distinction 
between a regime shift and an oscillation is one of signal/noise ration and length of the 
data set. What seems to be a regime shift when 20 years of noisy data are available may 
appear as a cyclic variation when 60 more years of data become available.

Climate change is a parameter that is still not routinely included in simulations but 
must be kept in mind in that past observations lose relevance for predicting future 
situations. It is likely that periodicity of past oscillations will be maintained but their 
amplitude and change.

Rebuilding times may be estimated to some extent by modelling with probabilities 
accounting for all sources of uncertainty, including natural oscillations. Notwithstanding, 
for a given situation, aiming at a short rebuilding time implies accepting severe cuts 
on fishing and even a multiple-year moratorium. There is therefore a suspicion that 
managers and industry may lean towards the longest rebuilding time possible to reduce 
transitional stress instead of optimizing it for rapid ecological outcomes or optimal 
economic ones. This issue is related in part to the real or perceived discount rate, on 
which a short discussion is offered below.

A maximum rebuilding-time (TMAX) may therefore be legally mandated (like in 
the USA where TMAX = 10 years) or estimated based on the stocks’ parameters (as 
in New Zealand). The legal prescription intends to avoid complacent rebuilding 
specifications, resulting in a protracted rebuilding process which might be risky for 
the resources. It is usually accompanied by a probability of recovery to the aimed 
target (e.g. 50%). 

The Minimum Rebuilding Time (TMIN) is the minimum time needed for an overfished 
population (at the current level of depletion) to have a 50 percent probability of 
recovery to the proxy for BMSY with zero fishing. If TMIN for a given stock appears to 
be higher than the generally mandated TMAX –as in most long-lived species– a stock-
specific TMAX may be estimated equal to TMIN plus one mean generation time (e.g. the 
average age of the virgin spawning biomass) (Punt and Ralston, 2007).

The Target Rebuilding Time (TTARGET) is decided based on simulations of the 
probability (PMAX) for the stock to reach the rebuilding biomass target (e.g. BMSY) 
by TMAX under different fishing mortality levels. Considering the impact on catches, 
fishing mortality and other elements, the fishery authority selects its intended PMAX 
and the related target fishing mortality (or spawning biomass) level as well as a target 
year for recovery (TTARGET), located between TMIN and TMAX. In case of fishing on a 
mix of species, with different TMAX, longer TTARGET (i.e. slower rebuilding) may be 
selected for non-overfished choke species (Punt and Ralston, 2007). Table 8 provides 
an example for rockfish stocks in the North Pacific Ocean.
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TABLE 8
Rebuilding parameter values for overfished rockfish species in the North Pacific 

Species TMIN TMAX PMAX TTARGET

Dark blotched rockfish 2014 2047 0.8 2030

Pacific Ocean perch 2012 2042 0.7 2027

Canary rockfish 2057 2076 0.6 2074

Bocaccio 2018 2032 0.7 2023

Cowcod 2062 2099 0.6 2090

Widow rockfish 2026 2042 0.6 2038

Yelloweye rockfish 2027 2071 0.8 2058

From Punt and Ralston, 2007

However, the optimal rebuilding time would also need to consider the cost of abrupt 
measures that the community might not be able to absorb without costly support or 
fisheries, or the risk that the interruption of the fishing activity (moratorium), that 
might accelerate stock recovery might also lead to total loss of the market and hence the 
fishery itself. The optimal parameters of that trajectory can be estimated by simulation 
(e.g. using Management Strategy Evaluation processes) or based on experience with 
similar species elsewhere. In the USA, the legislation imposes a maximum acceptable 
rebuilding time to BMSY of 10 years. The scientific basis for that time frame is 
controversial, however (Munro, 2010; Larkin et al., 2011; Patrick and Cope, 2014). 
These parameters will depend on the species (e.g. small pelagic preys or large predators) 
and on the local environmental oscillations or vagaries. 

According to Murawski (2010) the functional recovery time for a mix of species 
exploited in a mixed fishery may be much longer than for some of the individual 
species. There seem to be also an implicit agreement that the rebuilding time increases 
with the complexity of the rebuilding goal: It takes longer to rebuild a population age 
structure and spawning potential that its biomass (Collie et al., 2013; Murawski, 2000). 
For example, McClanahan and Graham (2005) indicate that it takes 25 years in coral 
reefs for a size spectrum to recover its original slope. In the end, the time needed for 
recovery of a mix of species will necessarily be at least the time needed for the slowest 
species to recover (for example, the species constituting the living habitats, e.g. corals 
or sponges). 

Costello et al (2012) have examined the impact of the rebuilding time frame on 
economic performance across different resources types (fish, crustaceans, molluscs) 
in different climates from tropical and sub-tropical to cold temperate.  While many 
early economic analyses of rebuilding suggested that the fastest rebuilding scenarios, 
e.g. involving an early moratorium, were economically preferable (e.g. in Caddy and 
Agnew, 2004; Sumaila and Suatoni, 2005; Hilborn et al., 2004; Gates, 2009) they found 
that, within the assumptions of the model they use, a slow rebuilding strategy is very 
close to the economic optimal in terms of Net Present Value. The same conclusion 
had been reached by Larkin et al. (2011) who listed the potential benefits of a slower 
rebuilding strategy allowing some level of fishing: 

•	 Continued data collection, especially on the stock that can be used to monitor the 
recovery (i.e. a “sentinel” fishery);

•	 Support for the sustainability of coastal communities;
•	 Retain expertise in harvest and processing;
•	 Retain malleable capital, including labour, in the harvest and or processing sectors;
•	 Maintain markets at the local level versus a loss of the market to imports;
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•	 Provides higher product prices initially for distinct products and higher yields later 
on as the average size of individuals increases; and

•	 Reduce harvesting costs as the stock size grows;
•	 Positive discount rates increase the relative value of harvests early in the rebuilding 

horizon;
•	 Prevent the need for higher government expenditures overall for (1) subsidies to 

existing stakeholders that would be put out of business or (2) a legal defense from 
lawsuits that might challenge the closures;

•	 Continued anthropocentric use of the resource, which is fundamental to justify 
any stock management activities.

The argument is therefore that legally mandating rebuilding times based only on 
biological criteria may produce significant economic losses (in terms of Net Present 
Value), particularly for slow-growing stocks in fisheries with high discount rates. 
The trade-off is between the high immediate social and economic costs of drastic cuts 
faced if fishing is closed and the risk of very slow rebuilding (or extinction) if fishing 
is not closed (Larkin et al., 2011), particularly if the stock severely depleted. There is 
no example (yet) of extinction resulting from a too complacent rebuilding strategy but 
there are many examples of slow or non-rebuilding (e.g. Safina et al., 2005; Rosenberg 
et al., 2006, Worm et al., 2009). However, economic rebuilding analyses do not account 
for low frequency natural oscillations (see Section 7.5.5) and the longer the rebuilding 
time, the higher the probability to see slow rebuilding outcomes compromised by 
a series of exceptional environmental conditions.  The risk could be estimated by a 
formal bioeconomic Management Strategy Evaluation.

From an economic point of view, an optimal strategy might be the one maximizing 
the net present value (NPV) on a specific time horizon with a given discount rate100 
(Costello et al., 2012). As rebuilding plans are, in most cases, public investments 
(unless the resource is fully privatized) the use of a social discount seems preferable to 
a commercial one, weighing present costs against future benefits, current against future 
consumption. Too high discount rates may make rebuilding look “unprofitable”. 
Discount rates should reflect the opportunity cost of the public funds used for 
rebuilding, i.e. compared to different uses of funds. There is no magic rule to determine 
an optimal social discount rate. Logically a strong disparity on the (perceived) social 
and (tangible) commercial discount rates may lead to opposition of the private sector 
to rehabilitation programmes (OECD, 2012: 31). 

The circumstances under which a modification of the planned trajectory might be 
called for and the formal process for it, as well as the process of transition back to the 
ordinary regime of fishery management regime are formalized in the strategy. 

For example, the Fishery strategy of the Australian Fishery Management (2007) 
mandates a target of BMEY and a limit Blim = 0.5 BMSY. If a stock falls below Blim, a 
rebuilding strategy will be implemented with specific transitional arrangements. When 
the stock is rebuilt to Blim, the normal harvest rules will be applied again with a priority 
objective to reach BMSY and then BMEY, balancing short-term costs and long-term gains.

100  At low discount rates, long time horizon would optimize rebuilding of practically all types of resources, 
meaning that if the rebuilding time has no cost, as much time may be taken as necessary to optimize 
all outcomes. At higher discount rates, the time has a cost and time horizons need to be shorter to be 
economically viable, impeding proper rebuilding of the slowest-growing and latest-maturing species (see 
Costello et al., 2012).
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Discount rates

Costello et al. (2012: 55-59) looked at the impact of discount rates on the economic 
performance of rebuilding. As expected, they find that at low discount rates (e.g. 1%) 
the rebuilding time is irrelevant, and all strategies can be optimized regardless. On the 
opposite, at high discount rates (e.g. 7%), some fisheries are no longer economically 
optimal to rebuild (e.g. species with low value and slow growth). The choice of a 
discount rate (and its interaction with rebuilding time) is therefore central to stock 
rebuilding. These authors discuss briefly the issue of choosing a discount rate in a 
rebuilding strategy evaluation, noting that it is complex and actively debated in the 
literature but that a rate of 0.5-4 percent would be adequate for rebuilding as a long-
term, inter-generational public investment (as usually done for dep degradation of 
terrestrial ecosystems) but a rate of 3 to 10 percent would be more appropriate for 
intra-generational short-term rebuilding projects. Our guess is that higher values in 
that range would probably be appropriate for private investments (e.g. by the fishing 
industry itself). One can guess that much higher rates would probably be considered 
adequate by speculative investments (e.g. by hedge funds). Costello et al. indicate that 
the proportion of the species they have modelled that would be worth (economically 
optimal) to rebuild would be 44-72 percent given a 5-7 percent discount rate, and 
78-100 percent with discount rates in the 2-3 percent range.

7.4.4 Fishing pressure road map

If some fishing is maintained during the rebuilding period, the pressure exerted may 
be modulated along some bio-economically optimal trajectory to reach the mandatory 
rebuilding target within the imposed or selected timeframe. Effort may be adjusted 
directly (e.g. through direct effort caps, limited entry or technology standards e.g. 
on gear types and sizes). Effort controls have shown to be able to correct active 
overfishing but not always overcapacity or rent dissipation. Effort could be reduced 
following different trajectories within the selected time frame and including or not a 
moratorium (Figure 37). 

FIGURE 37
Possible trajectories for effort regulation in a rebuilding strategy: 

Immediate, gradual or step-wise adjustment of F to the F rebuilding 
target (here: 0.8FMSY) or stepwise with initial 4-year moratorium

Bio-economically optimal trajectories may take any shape depending on the resource concerned and local 
socio-economic conditions. Inspired from Wiedenmann and Mangel, 2006. The process starts one year after 
the decision has been made
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Depending on the resources concerned and the local social and economic conditions 
an infinite number of trajectories may be developed and assessed ex-ante. In the USA, 
for example, nearly all mandatory rebuilding plans adopted reduced pressure, allowing, 
however for overfishing (i.e. F>FMSY) within the first five years of the rebuilding regime 
(see for example the step-wise example on Figure 37) and progressive adjustment 
afterwards (Swasey and Rosenberg, 2006; Wiedenmann and Mangel, 2007).

A difficulty with the trajectories of fishing pressure is that although they are decided, 
they are implemented assuming a constant relationship between effort and mortality 
(F = qf, i.e. a constant catchability coefficient “q”). However, catchability may change 
with climatic conditions (that may change stocks distribution and concentration) and 
with abundance. In practice catchability tends to increase when stock size decreases, 
and not only in pelagic stocks as often assumed101. When stocks are depleted, 
assuming “q” constant and equal to the value calculated when stocks were high raises 
a real risk that the rebuilding fishing pressure being applied may be significantly 
underestimated, when it matters most (and the relative abundance reflected by catch 
rates, overestimated). Any programme maintaining fishing activities on depleted stocks 
must be aware of the problem and counter it. 

If the value of “q” is likely to be biomass-dependent, using an average “q” value is 
dangerous and regulating fishing pressure through limiting removals would be more 
robust to uncertainty. However, such removals may be calculated based on average 
stock-recruitment functions which, however, are likely to oscillate with low frequency 
climatic conditions (cf. Section 7.5.5). Consequently, in case of a series of lower than 
average (or then expected) recruitments, allowed removals might be much too high, 
leading to further depletion (Wiedenmann and Mangel, 2006). The problem is not to 
overestimate biomasses as “q” increases102 and fishery-independent data on biomass 
would be an asset to resolve the uncertainty. 

Total closures (or moratoria) have been the prime measure historically taken for rapid 
collapses, usually of small pelagic species (Caddy and Agnew, 2004:6). The drastic 
decision in these cases may have been facilitated by the fact that the industry was not 
viable at the very low levels of abundance, facilitating industry buy-in. This decision 
is more complicated to take when the fishery remains profitable (e.g. in the case of 
the Southern bluefin tuna), or when the impact would be widespread, such as in 
large multispecies multigear fisheries, or else in fisheries impacting large amounts of 
manpower. As illustrated in Figure 37, moratoria of different durations (depending 
on context) may be inserted in a dynamically adjusted trajectory of allowed fishing 
pressure. Moratoria are usually extreme measures not favoured by the fishing industry 
unless compensated by the State or voluntarily established with them.

Wiedenmann and Mangel (2006) argue that: (i) allowing for overfishing during 
rebuilding makes the final adjustment by the end of the allowed rebuilding time, more 
painful, delaying quota reductions but not avoiding them, and opening a risk of free 
riding (low compliance); and (ii) stocks may not rebuild at all unless removals are 
severely reduced. Munro (2010) follows that argument to some extent, stating that 

101  When demersal stocks have a structured spatial distribution of sizes and ages, reduction of lifespan and 
truncation of size distributions also reduce migration and dispersion, reducing areas covered by the stock 
and hence by the fishery, increasing fishing intensity when stock decrease. 

102  In the Canadian cod collapse case, the CPUE of the large-scale offshore fleet was used to adjust 
abundance in the operating assessment model. However, sequential improvements in technology and 
progressive concentration of the residual stock had biased that index, hiding biomass decreases while 
catches were maintained, leading to collapse (Walters and Maguire, 1996; deYoung and Rose, 1993). 
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the fastest possible rebuilding (which corresponds to a moratorium) is economically 
preferable unless that speed has a too high cost (e.g. fleets fixed costs or buy-back or 
compensation costs). Costello et al., 2012, stress, however, that maintaining some low-
level fishing activity while rebuilding, makes economic sense only if the fishery fixed 
costs continue to run during the rebuilding phase (e.g. there are no alternative use for 
the vessels or they are not bought back). 

Moratoria have been implemented in the case of the Canadian cod collapse and also 
in the Norwegian spring spawning herring case (Munro, 2010a). Moratoria represent 
certainly the most rapid way to rebuild a depleted resource and it might also be the most 
economically effective instrument overall if the penalties associated with high-speed 
rebuilding are not too high (Munro 2010: 33). The optimal investment programme is 
context-sensitive but might be designed using scenario analyses and methods already 
used in fisheries for Management Strategy Evaluation, with the significant difficulty 
of accurately modelling the reaction of stocks in deep-depleted state. Economic 
models are usually assumed to be reversible and depensation effects certainly exist, 
in the stock biology but also in the sector “physiology” (e.g. investments, markets, 
uncertainty, discount rates in deep economic crisis). An example of such analysis is the 
resources investment programme envisaged for the Nile Perch in Lake Victoria, the 
results of which indicated that maximizing the return on investment required a 3-year 
moratorium (Munro, 2010a).

7.4.5 Re-opening protocol

In a rebuilding process, one might expect two crucial points: One at the time the regime 
must enter into force, and indeed in the process leading to it, as stakeholders will be 
extremely worried about their future. The other, when after some time, the stocks starts 
rebuilding and pressure grows on the managers to re-open the activity (if it was closed) 
or to return to ordinary management otherwise. The higher the stock, the higher the 
expected benefits, the stronger the pressure. 

Pressure will be exerted by industry for early re-opening, increasing as the stock 
rebuilds, increasing incentives to poach and control costs. As the special regime is 
usually also costly to the State, the criteria for re-opening might be the outcome of a 
negotiation. A too early re-opening may jeopardize the entire plan. The end-point of the 
process is harder to detect for long-lived species as their rates of recovery are likely to 
be low and hence more easily blurred by natural variability and assessment uncertainty 
(low signal/noise ratio). For short-lived species, the influence of environmental factors 
will be high, and it may be prudent to wait for a series of good years or an exceptional 
one, before cautiously re-opening the fishery. The quality of monitoring data is 
fundamental. Unrecorded discards and under-reporting catches are fatal flaws and 
on-board observers will play a fundamental role.

Opposite pressure can be expected from conservation forces to delay re-opening. The 
reason is obvious and in part due to different perceptions about risk. The industry will 
aim at minimizing false alarms (undue concern, leading to longer closures and higher 
costs than necessary). The conservation aims at minimizing misses (undue optimism 
leading to higher risks for the resources than sustainable) (see Section 7.5.2). 

The re-opening of the fishery needs therefore a formally designed protocol for 
re-opening, based on clear indicators (e.g. of spawning biomass and stock structure) 
ideally pre-agreed and written in law. It is also necessary to define a minimum period 
during which the indicators are at or above optima level before re-opening, to ensure 
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that a precipitous re-opening (e.g. triggered by a single good year class) does not 
resulting a slide-back into deep depletion. This “assurance” time will be a function of 
the species biology (reproduction) (Wiedenmann et al., 2009) and the environment or 
recruitment variability.

The re-opening criteria may be simply based on biomass but might also account for 
the size/age structure, not re-opening just after a good recruitment but waiting for a 
reasonable rebuilding of the age structure and spawning potential. 

The new ordinary fishing regime, amended as necessary through lessons learned, needs 
to be formally adopted and opened, signalling the closure of the rebuilding regime. 
The older fishing regime – which could not impede depletion– cannot be simply 
reinstated after rebuilding has been completed (to avoid costly collapse repetitions) and 
a package of special measures will become part of good practice in a new and improved 
“ordinary” management regime. Altogether, the level of precaution, foresight and 
adaptability of the regime should increase. In addition, attention should be paid to 
the fact that population parameters used in models may be different after recovery 
than before collapse, particularly if the environmental regime shifted in the meantime. 
The level of precaution should be commensurate with the confidence limits of the 
assessments.

A mandatory number of years at or above the rebuilding target might be precautionary 
to ensure that rebuilding has really been achieved and to avoid sliding back into 
depletion.   

7.4.6 Hysteresis in rebuilding strategies

Hysteresis has been defined in many ways. In dictionaries, it is defined as a retardation 
of an effect when the forces acting upon a body are changed (e.g. due to viscosity or 
internal friction) (Merriam-Webster on line dictionary, 2017). Traditionally associated 
with mechanical and magnetic properties of materials, it has also been used in biology 
to qualify dynamic development and reversal trajectories that could be described 
by mathematical models of hysteresis. To our knowledge, the term has been used in 
fisheries but not the models. Hysteresis is also defined as a reaction of a system to an 
external forcing parameter that differs when the direction of change of that external 
parameter changes, e.g. due to positive feedbacks in the system or a difference in the 
set of variables controlling the biological response in different states (Scheffer and 
Carpenter 2003; Wang et al. 2012). Finally, in natural resources management systems, 
hysteresis occurs when the state of the system depends strongly on its previous history. 
In other words, the critical condition under which the system switches from one stable 
state to another is different from the condition that will allow the system to return to 
the original state (Holling C. S., 1973).

In the context of this book, hysteresis occurs when the response and trajectory of the 
stock (biomass, species composition, population parameters) during the rebuilding 
process are different from what they had been during the depletion or collapse process. 
The biomass (or fishing mortality) at which the stock starts rebuilding rapidly are not 
the once that triggered the collapse. The response of the resource to the rebuilding 
action (effort and catch reduction and other measures) is seen as delayed and/or 
sluggish. The difference between the depletion and rebuilding trajectories is referred to 
as hysteresis loop (Figure 38).
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The reason may be internal to the stock (density-dependent stock dynamics; 
depensation) or the assemblage (e.g. species interaction), external to them (e.g. different 
climatic conditions or change in the fishing efficiency), or compounded: 

1. Depensation. In single-species stocks, it may relate to reproductive problems 
at very low abundance (Allee effect) (cf. Section 3.1.3). In rebuilding of species 
assemblages, depensation-like phenomena may emerge from compounded Allee 
effects on many species or species interactions (e.g. predator-prey relationships), 
reducing the rebuilding rate of the assemblage compared to its depletion rate and 
from the fact that species may rebuild in a different order then the one in which 
they were depleted. The final species composition and dominance might also be 
different (cf. Section 3.2.5);

2. Climatic conditions. Important for oscillating small pelagic species. Natural 
oscillations in climatic conditions may accelerate collapse and delay rebuilding, 
e.g. through availability of food or larval dispersion, affecting recruitment success 
(Csirke and Sharp, 1984; Cury and Roy, 1991; Bakun and Weeks, 2006);

3. Fishing efficiency. Hysteresis may occur when the coefficient of catchability 
(q) connecting fishing effort (f) to fishing mortality (F; F=q*f) increases as the 
stock “concentrates” as its biomass decreases, under increasing fishing pressure, 
worsening climatic conditions, or both. Well-known in small pelagic resources, 
the phenomenon exists also for demersal species, the distribution (diffusion) area 
of which decrease as biomass decreases, lifespan is reduced, and age structure is 
truncated. In these cases, rebuilding may fail because the “small” fishing pressure 
allowed during the rebuilding process might be much higher than believed (Csirke 
and Sharp, 1984; Cooke and Beddington, 1985; Walters and Parma, 1996);

4. Habitat degradation during the depletion process (by destructive fishing practices, 
mangrove deforestation and reconversion, or other land-based degradation) 
may have reduced productivity and reproductive success (impacts on nurseries), 
impeding rebuilding unless these habitats are restored. Seagrass beds and coral 
reefs would be good examples; 

FIGURE 38
Theoretical illustration of a delayed response to rebuilding (hysteresis 

loop) when considering biomass as rebuilding criteria and fishing 
mortality as the driving factor
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5. Human dimensions. Despite rebuilding of a resource biomass and composition, 
fisheries might not rebuild due to depletion-related changes in technology, 
consumer demand and markets that might be hard to reverse, such as (i) 
irreversible change in gear technology and fishing practices deeded to access new 
species; (ii) discovery or development of new resources because of depletion of 
the historical target (e.g. in the case of the Canadian cod collapse); (iii) loss of 
market as consumers substitute the depleted species by a different one (possibly 
imported) (Brock and Xepapadeas,  2004); and  (iv) loss of fishing kills following 
a long fishery closure.  The interaction of inelastic demand and backward bending 
nature of the ecological supply curve introduce non-linearities that could lead 
to multiple bionomic equilibria and hysteresis effects. We obtain convergence 
results for general bionomic models and indicate cases where hysteretic regulation 
failure could be a problem when economic dynamics are slow enough relative to 
biological dynamics.

7.5 RISK MANAGEMENT

Properly managing risks of collapse in a fishery sector, like any other risk management 
governance requires (from IRGC, 2009, adapted to rebuilding): 

1. Risk-awareness: consciousness about the existence of ecological and socio-
economic risks of slow or non-rebuilding in case of deep-depletion and of 
vulnerability to environmental oscillations; analysis of a range of options to avert 
risk or respond to it; balancing costs and benefits; balancing confidentiality and 
transparency; 

2. Effective monitoring and assessment capacity: to follow stocks and sectoral 
developments in quasi real time. Usefulness or early-warning systems on 
particular risks. Averting risk is cheaper than confronting its consequences, but 
not free;

3. Reactive systems of communication and management: to act swiftly in responses 
to good or bad “surprises”;

4. Organisational capacity to coordinate dispersed responsibilities and to manage 
conflicts of interests and different beliefs, values and ideologies. This includes 
adequate support for implementation and enforcement which are crucial in 
rebuilding programmes.

7.5.1 The role of uncertainty

There are multiple sources of uncertainty (in the form of variability and bias) in 
assessment and management processes. The sources may be in data collection and 
processing; natural variability; understanding of natural and human processes; 
assessment methods and models; undetected trends in environmental conditions (e.g. 
climate) or fishing operation parameters (e.g. catchability, fishing power or discarding 
practices), and errors in management implementation (see below) (Rosenberg and 
Restrepo 1996; Francis and Shotton 1997). They affect rebuilding as much if not more 
than they affect normal management since stocks and the sector are in very vulnerable 
situations, allowing minimal margins of error.

Three sources of risk stem from the management process itself: erroneous of lacking 
information; lack or delayed management action, and lack or insufficient control 
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of known risk factors (e.g. in Wiedenmann and Mangel, 2006; Hauge et al., 2009; 
UNCOVER, 2010a). They are examined below.

First, erroneous or lacking information corrupts or impedes decision-making. A total 
lack of information is rare. A total lack of awareness is more frequent. In fisheries, there 
will never be enough information on every collapsed stock but there is often enough 
knowledge on main target species, ecosystems vulnerabilities and fishing operations 
to, at least, start addressing the problem. Economic information is also essential and 
should be brought in as soon as possible (cf. Section 4.2) to put in place an effective 
system of incentives. The widespread lack of foresight of the possible reactions of the 
sector to depletion and rebuilding measures is a serious impediment to development of 
robust rebuilding strategies. 

The traditional (technological and ecological) knowledge of fishermen and their 
active participation in assessments and the management process may provide useful 
information if good buy-in conditions are established. The lack of information might 
be more difficult to mitigate in the case of non-target species, living habitats and most 
small-size biodiversity (e.g. small benthic species) and misinformation or lack of 
information on bycatch or non-detected fishing mortalities can be consequential. IUU 
is a major factor of “distortion” in many of these matters. The available information 
may also be wrong, because of a partly inaccurate scientific assessment –itself corrupted 
by incomplete data, misreporting, unrealistic models structure or assumptions– or 
biases introduced by the lobbying systems, undetected IUU, or corrupted enforcement 
systems. 

Second, the lack (or overly late) reaction of the management system despite early 
information being available leads to action being not taken or taken when it is too 
late to avoid major consequences. This may happen either because of negligence or 
corruption, but also simply because of a lack of preparation, or underestimation 
of risk (to a large extent related to the point above). Examples include: disregard 
of scientific warnings, resulting in no-reduction, insufficient reduction or delayed 
reduction of TACs; disregard of species and fleets interactions. A concrete example is 
given by the Canadian fisheries authorities which, in 1989, apparently played down a 
recommendation by scientists to reduce by 50 percent the Newfoundland cod fishery 
quotas to prevent a stock collapse they perceived as imminent. Five years later the 
stock collapsed and a costly moratorium on the fishery had to be implemented (cf. 
Rice, 2018).

Lack of control on the risk factors, e.g. when they are of natural origin. Management 
has no possibility to correct the problem and must wait for a natural “solution”. 
General awareness of the type of likely problems and their consequences should have 
been an incentive to increase foresight, try to reduce the likelihood of the problem 
(e.g. maintain enough year classes in the stock, or avoid economic collapse and market 
losses), and adopt an adaptive approach. History has shown that, in that respect, the 
response has usually been too little, too late.

These various sources of error interact in the assessments and generate a level 
of uncertainty (some of which may be unknown or even unknowable) in the 
background of the decision-making system and its outcomes. For example, the 
simulations of a rebuilding strategy may indicate that the time needed to rebuild 
a stock to BMSY with a probability of 75 percent of success ranges from 15 to 50 
years, depending on the true value of this stock productivity, its natural variability, 
the likely level of illegal fishing, the degree of protection of old spawners, etc. 
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Wiedenmann and Mangel (2006) give some simple developments around that 
theme. Another example is the possible consequences of not taking into account the 
trophic interactions in estimates of rebuilding outcomes in biological or economic 
terms which, most often, will be in overestimating the positive consequences of the 
action (e.g. see Costello et al., 2012). 

Risk-based adaptive responses would be required to adjust rebuilding strategies to the 
incoming flow of new information during the rebuilding process, particularly active 
adaptive strategies based on available historical information and experimental probing 
(Hilborn and Walters, 1992). Collapses are rare events and in most cases, there is 
therefore no previous information about earlier collapses. It is also unlikely that in the 
crisis created by a collapse, the manager and scientists would have any opportunity or 
willingness to be openly experimenting (both managers and fisheries would have much 
too high discount rates). Finally, even if they could do so, if environmental factors are 
at play, disentangling the impacts of the measures from those of the environment may 
be tricky. 

However, some knowledge is now available on many collapses of similar types of 
species and similar environments to provide some information about the potential 
impact of different types of measures, subject to the risk underlined by Hilborn 
and Walters (1992) for such passive strategies to have at hand a too narrow set of 
possibilities to consider, leaving room for additional surprises.

Uncertainty in rebuilding strategies is high and the deeper the depletion, the higher the 
risk. Sources of uncertainty in rebuilding strategies are all those which affect ordinary 
fishery management described above. Additional uncertainty comes about from the 
behavior of resources and the sector at very low abundance and profitability levels and 
market and consumers’ potential reaction to collapse and interruption of supply. In 
the case of severely depleted stocks, with very truncated age structure, assuming the 
natural mortality (M) is the same as the one used for an abundant stock with a totally 
different age-structure may be a serious source of error in calculating precautionary 
TACs or effort levels (Wiedenmann and Mangel, 2006). Risk is also created by changes 
in the value of the catchability coefficient with biomass, and of the stock-recruitment 
relationship with climate (Section 7.5.5).

The Southern Bluefin (Thunnus maccoyii) fishery provides an emblematic example 
of uncertainty in an international rebuilding initiative by the CCSBT. Knowing that 
the stock was very low, close to collapse level, the parties concerned could not agree 
on whether at some point the stock was rebuilding or not (and TACs needed to be 
reduced). The indeterminacy in the scientific data led the parties to the International 
Tribunal of The Law of the Sea (ITLOS) to resolve the dispute leading to the setting 
of a special scientific programme to lift the indeterminacy and hopefully rebuild the 
stock (ITLOS, 1999). The stock is now at 9 percent of its original biomass (e.g. at a level 
normally assimilated to a collapse) but the fishery is ongoing, albeit at reduced level, 
and the prognosis is that under the present management procedure, the stock may be 
rebuilt to the interim biomass level by 2035103! 

An important consequence of uncertainty is inability to accurately measure the state 
of a resource (e.g. the depletion and rebuilding criteria) and therefore to determine, 
without doubt, the moment at which a rebuilding programme should start and end. 
This uncertainty should be communicated to the stakeholders to ensure transparency 

103  https://www.ccsbt.org/en/content/latest-stock-assessment
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and build trust, avoiding over-expectations and preparing them to face unfavourable 
outcomes. The dilemma, as stressed in Hammer et al. (2010) and DFO (2013) is that 
expression of uncertainty generates doubts with stakeholders regarding the timeliness 
of the action and future outcomes, weakening support, but understating the uncertainty 
erodes the credibility of science and management advice if optimistic predictions turn 
out to be wrong. One way to minimize that unavoidable risk is to openly develop 
an adaptive trajectory, with a number of interim milestone, in which every step and 
corrective action is a probing activity. The relative shortness of the steps, should limit 
the difference between outcomes and expectations and hopefully require only modest 
adjustments to the strategy.

Rebuilding should be easier to plan and implement with “well-behaved resources”, 
with low inter-annual variability in recruitment and good relation between effort 
and mortality. It is a much trickier task with highly variable or oscillating resources 
that require awareness of periodicity and monitoring of climatic factors and 
populations parameters (e.g. condition factor in small pelagic stocks) as well as 
changes in distribution and catchability. For such stocks, the use of multiple sources 
of information and models, focussing of discrepancies between them, would be 
particularly advisable.

7.5.2 Misses and false alarms

Given all the features of the stock, ecosystem, fishery and governance systems that 
have been shown above to influence the likelihood and potential trajectory of stock 
rebuilding, decisions about rebuilding strategies and tactics will always be made under 
uncertainty.  Research and analyses of historical information sources can contribute to 
reducing the magnitude of the uncertainties faced in decision-making, but even research 
and analyses that better explain the nature of the uncertainties can improve decision-
making, even if the uncertainties remain.  Such work is important, because ignoring 
uncertainties –voluntarily or not– leads to optimistic or pessimistic expectations for 
rebuilding regime outcomes (Wiedenmann and Mangel, 2006).  However, there is 
well established guidance on decision-making under uncertainty (Kochenderfer, 2015) 
derived from early human factors research on signal detection theory (Green and 
Swets, 1966).  These practices can contribute to effectively managing the risks inherent 
in decisions under uncertainty.

Whenever an operational decision about an intervention such as whether implementing 
a recovery plan that implies stringent harvesting constraints, must be made in the face 
of uncertain information, decision analysis can be used to understand the choices 
available. The simplest situation is one in which there is only one decision to be made, 
with only 2 choices for that decision (e.g. either implement a recovery plan, or not) 
and there is only one uncertain item, with only 2 possible values of that item (e.g. the 
actual fish stock abundance is the uncertain item, and its state can be either depleted 
or sustainable). In that scenario, there are four possible outcomes shown in Rows A 
and B and columns 1 and 2 in Figure 39. In row A, the plan is implemented, assuming 
that resources were likely depleted. If the resources were really depleted (cell A1), the 
recovery process starts and short-term costs to users are compensated by long-term 
benefits: this is a ”hit”. If, in reality, the resources were not depleted (cell A2), the plan 
implementation was not needed. The result is some improvement in the resources but 
at an unnecessary cost to users: this is a “false alarm”. Alternatively, in row B, the plan 
is not implemented, assuming that resources were in a sustainable state. If the resources 
were actually depleted (cell B1), the depletion is not corrected or is aggravated. Short-
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term costs to users are avoided, but the perspective of higher long-term costs increases: 
this is a “miss”. If, on the contrary, resources were really sustainable (cell B2) no 
unnecessary costs are incurred by users or the resource and no resource benefit is 
generated: this is a “true negative”. More complex decisions tables can be developed 
with multiple options such as increasingly stringent constraints of harvesting, but the 
concepts do not change – only the complexity of the trade-off analyses.  

Both “hits” and “true negatives” are the outcomes from correct decisions made under 
uncertain information. Both “misses” and “false alarms” are errors, but of quite 
different nature. In the set-up chosen above, the cost of a “miss” is primarily on the 
resource, allowing unsustainable harvesting to continue taking benefits from use of 
the resource in the near term, but further depleting it (i.e., the cost is borne by the 
resource, and the future of the fishery). In that same set-up, the cost of a “false alarm” 
is primarily on the industry, depriving it of revenue or food (i.e. the cost is borne by 
the industry), while the stock gets little incremental benefit from the reduced harvest 
if it is already productive.

Note that the above analysis is written with the fish resource viability being the 
uncertain item. But the type of choice that constitutes a miss or a false alarm depends 
on what is considered at risk.  If the uncertainty were of a socio-economic nature 
(e.g. regarding not the stock status but the economic viability of the fishery) the 
cost of misses would be incurred by industry, while the cost of false alarms would 
be incurred by the resource. The allocation of costs and benefits would be reversed.  
This simple analysis illustrates the fact that 2 groups of stakeholders with different 
concerns (e.g. resources vs industry viability), using a similar approach to decision 
under uncertainty, tend to stand in opposed corners as each group prefers the solution 
that, in case of uncertainty, accrues the possible benefits to its party and the costs to 
the other. Consequently, the risk of misses and false alarms are differently weighted by 
conservation and industry stakeholders.

FIGURE 39
Possible alternative short-term (S-T) and long-term (L-T) outcomes of decision-
making with uncertain information regarding the actual situation of a resource
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When the costs of each type of error can be captured with a common currency (often 
economic returns but not necessarily so), formal trade-off computations can identify a 
least-cost decision, which is often called “optimal” (Kochenderfer, 2015). However, in 
the types of resource management decisions needed in stock recovery planning, such 
common currencies are difficult to identify since the allocation of costs from “misses” 
and “false alarms” will likely be measured in different ‘currencies’ (e.g. market value 
vs non-market values) and involve differing distributions of costs and benefits (in the 
short and long terms) for different interest groups.

These differences in the allocation of costs place resource use decisions, particularly 
for protected and recovering depleted stocks, directly in the policy and political 
arena. This occurs because different interest groups have different tolerances for 
the same types of risks and the allocation of their consequences. Conservation 
and environmental groups often have very low tolerance for risks of further stock 
depletion, and often a high tolerance for reduced harvest by fishers, particularly 
commercial or subsistence harvests. Industry interests may acknowledge the 
importance of risks borne by the resource but have a lower tolerance for unnecessary 
constraints in harvests than the conservation interests do (Rice and Legacè 2006). 
These differences in risk tolerance profiles between conservation and industry 
regarding unavoidable risks inherence in decisions made with uncertain information 
lead to tensions that increase with the distance between two “views” on the current 
situation and future perspectives. 

A practical implication in a rebuilding programme is that unless the collapse is very 
evident (e.g. the Canadian Cod case), the conservation party will push for corrective 
action (they get a plus for resources wellbeing whether or not a collapse is looming), 
facing the reluctance of an industry concerned by the related costs. Conversely, when 
rebuilding is successful and close to reaching its target (e.g. BMSY or BMEY), the pressure 
will come from industry to re-open the fishery (cutting on costs and increasing benefits) 
facing the reluctance of conservation concerns about re-opening too early with the risk 
for the resources of sliding back into depletion. To avoid a paralysis in both cases, the 
resource limits at which the rebuilding regime must start and stop (cf. Section 7.4) may 
be fixed in the fishery regulation (and sometimes in primary law) ahead of time, with 
and agreed process for the calculations of the indicators to use and the action to take in 
case of new emerging uncertainties. 

Management Strategy Evaluation (Smith et al., 1999, 2007) offers information that can 
characterize and, in some cases, reduce the uncertainty, which may allow biological 
and socio-economic costs and benefits of rebuilding to be formally assessed, and better 
characterize the sources and magnitudes of uncertainty (Smith et al., 2018; Section 
7.5.6). However, it cannot change the risk tolerances of various stakeholders for misses 
and false alarms, due to the residual uncertainties, though it may allow a more informed 
dialogue among them.

7.5.3 The Precautionary approach

The Precautionary Approach to Fisheries (PAF) (Garcia, 1994; FAO, 1996) echoed 
the adoption of the approach in the Rio Declaration of UNCED in 1992, and for 
overexploited fisheries recommended to:

1. Immediately: (a) limit access to the fishery and put a cap on a further increase in 
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fishing capacity and fishing mortality rate; and (b) Establish a recovery plan that 
will rebuild the stock over a specific time period with reasonable certainty. This 
will include several of the components below; 

2. In the short-term: (a) Reduce fishing mortality rates long enough to allow 
rebuilding of the spawning stock. If possible, take immediate short-term action 
even based on circumstantial evidence about its potential effectiveness. In some 
cases, this can be accomplished by entirely closing some areas to fishing; and (b) 
When there is a good year class, give priority to using the recruits to rebuild the 
stock rather than increasing the allowable harvest; 

3. In the medium term: (a) Reduce fishing capacity to avoid recurrence of over-
utilization. Remove excessive fishing capacity from the fishery; do not provide 
subsidies or tax incentives to maintain fishing capacity. If necessary, develop 
mechanisms to eliminate some fishing effort; (b) Alternatively, allow vessels to move 
from an overutilized fishery into another [less utilized] fishery, if this redeployment 
does not jeopardize the latter;  (c) Do not use artificial propagation as a substitute for 
the precautionary measures listed above; and (d) In the management plan, establish 
biological reference points to define recovery, using measures of stock status, such 
as spawning stock biomass, spatial distribution, age structure, or recruitment, and 
(e) Where it is possible, closely monitor species, productivity and total suitable 
habitat area extension to provide early warning of needed management action.

Obviously, when written down, such measures were intended to correct simple 
overfishing, but they are perfectly valid, 20 years later, as a foundation for rebuilding 
programmes. 

The PAF has been integrated in the FAO EAF (FAO, 2003; Garcia et al., 2003) which 
has at its heart a participative risk assessment process using Multi-Criteria Decision 
Analysis (MCDA)104  and Non-Formal Risk Categories105 (Fletcher, 2005; 2008; FAO, 
2016b) which could be used with great benefit even in data-limited situations in deep 
recovery processes in developed and less developed areas, to make the maximum 
possible use of local knowledge and innovation capacity in a situation particularly 
threatened by uncertainty.

Ideally, to avoid delating responses to urgent issues, a rebuilding plan should be 
negotiated in advance, identifying indicators, limit reference points and pre-agreed 
action to be automatically triggered at a given stock level.

7.5.4 Precautionary Harvest Control Rule

The risk of recruitment failure if environmental conditions worsen, starts to increase 
as soon as fishing begins and spawning biomass and number of age classes are reduced 
(Laurec et al. 1980). The MSY norm can be interpreted as implicitly considering this 
risk as acceptable at the related level of biomass and requiring rebuilding when the 
norm has been violated. The United Nations Fish Stock Agreement (UNFSA) has 
redefined MSY as limit to development (not to be trespassed) and not as a target 
which, on average, would be trespassed 50 percent of the time just because of 
uncertainty around MSY measurement errors, management approximations and 
climatic oscillations in productivity. This implies adopting a precautionary limit of 
104 http://www.fao.org/fishery/eaf-net/eaftool/eaf_tool_31/en 
105 http://www.fao.org/fishery/eaf-net/eaftool/eaf_tool_10/en 
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biomass and fishing mortality at which the probability to cross the MSY limit is 
estimated as low enough within a given time frame. The UNFSA has also explicitly 
required to use the MSY biomass level as the minimum international standard for 
rebuilding. 

A Harvest Control Rule (HCR) is a useful instrument, stating the agreed goal 
and the action required to achieve it in any stock-status situation and within 
stated precautionary limits at which pre-agreed action must be taken. HCRs are 
accompanied by guidance indicating what data is to be collected, how it should be 
analysed to determine the measures required (usually a TAC). The input data may 
be fishery-related or fishery-independent (e.g. from scientific surveys). HCRs may 
be combined to deal with interacting fleets (e.g. to deal with bycatch) (FAO, 2003: 
box 5). 

A HCR can be designed to combine a set of coherent decision rules as follows 
(Example from Government of Australia, 2007):

a. If the spawning biomass B (observed from scientific or fishery-dependent 
data) is still below Blim the rebuilding regime remains on. Assuming fishing is 
allowed to continue;

b. If B is unchanged, e.g. within +/- 10 percent from last assessment, F will remain 
unchanged. Protected areas remain operational;

c. If B appears to have increased by more than 10 percent, F (or the TAC) might 
be increased by half that increase (F increases half as fast as biomass). Protected 
areas remain operational;

d. If B appears to have decreased by more than 10 percent, F (or the TAC) will be 
reduced by twice that increase (F decreases twice as fast as biomass). Protected 
areas may be increased;

e. If B is at Blim or above, F and catch are fixed proportionally to biomass aiming 
at rebuilding as a priority (e.g. leaving a positive biomass change at the end of 
the year);

f. If B is at or over BMSY, F and catches are fixed taking account of economic costs 
and benefits in the short and long term. The rebuilding regime is over. 

Points, c and d reflect a precautionary approach, favouring rebuilding, as the reaction 
to unfavourable changes in biomass is stronger than the reaction to favourable ones. In 
general HCRs used for rebuilding give absolute priority to cuts in fishing capacity as 
long as the stock is below the minimum safe biological limit. To avoid chaotic changes 
in strategy and fishing operations B and F reference values used in the control rules 
may be averages over a number of years reflecting the species lifespan and defined with 
confidence limits or probabilities to be exceeded. In addition, and more importantly, 
the fishing mortality should be strictly contained. The use of spawning stock biomass 
(as opposed to total biomass) as driving criteria in the decision rule (as in Figure 40 A) 
should reduce the risk to over-react to inter-annual fluctuations of recruitment.  
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A Harvest Control Rule (HCR) would usefully be summarized on a graph (Figure 
40). The HCR specifies the maximum fishing mortality rate acceptable for a stock 
considered in a healthy condition, a progressive reduction of F as biomass falls below 
some precautionary level of stock biomass (regardless of the reason) and a (lower) 
absolute biomass threshold below which fishing must cease or be strongly restricted, 
including regarding bycatch in serious cases. The option of closing a fishery when 
stocks become severely depleted is often retained (Rosenberg, 1993). This approach is 
represented on Figure 40 A. The black thick broken line is the control rule defining 
the level of fishing mortality (F) allowed depending on the level of biomass (B). The 
LOSC mandatory limits are FMSY and BMSY. Beyond these limits stocks are being 
actively overfished or have been overfished in the past (in red). The target area (in 
green) is delimited by precautionary limits Bpa and Fpa arbitrarily defined in each case 
based, for example on risk assessment. Between the two, a buffer area (in orange) 
is used as early warning zone. If B falls below Bpa, fishing mortality F is reduced 
to rebuild the stock to at least Bpa. If despite precaution, B fell at or below Blim, the 
fishery may be closed. 

The specific rebuilding control rule may not be the same as the one being followed 
when the stock collapsed. It may be decided, for example, to maintain the fishery 
closed (and the rebuilding regime operational) until Bpa or even BMSY (and not Blim) is 
reached, to increase resilience (dotted line on Figure 40 A). Additional measures in the 
rebuilding regime might include a fleet capacity reduction to Fpa level to reduce the risk 

FIGURE 40
Theoretical examples of a Harvest Control Rule (HCR), Kobe plot and 

multispecies HCR

(A): Theoretical example of a Harvest Control Rule (HCR) to be used for normal management and rebuilding 
regimes. Two possible rebuilding HCRs are shown between Blim and Bpa. (B): Kobe plot used to follow a 
depletion and a rebuilding trajectory, illustrating hysteresis between the two. (see text). (C): multivariate 
control rule for multispecies management Indicators are: proportion of pelagic species, predators, and 
overfished species; Mean trophic level in the biomass (MTLb) and the catch (MTLc); and inverse of the 
coefficient of variation of biomass (1/CVb). Green indicates the management target area. Yellow is a 
precautionary buffer. Red is below safe limits. Key management action is needed when crossing thresholds 
between green, yellow and red.  Panel C redrawn from Fay et al. (2015)
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of overfishing in the future. Another requirement might be to rebuild an acceptable 
stock structure (and not just the biomass) recognizing that a spawning biomass 
of young spawners does not have the same “value” as a biomass of old spawners. 
Alternatively, a higher Blim might be adopted for the rebuilding process (before which 
no fishing is allowed). An important issue using control rules for rebuilding is to 
decide (and preferably pre-agree) on the criteria to be used to re-open the normal 
fishing regime, e.g. BMSY or Bpa. The old precautionary limits might be changed in the 
new “normal regime” if considered insufficient, e.g. considering stock variability. In 
addition, conventional surveys on deep-depleted stocks may be unreliable for accurate 
monitoring of rebuilding and new methods may be needed.

The optimal rebuilding regime and the new normal regime should ideally be selected 
based on a Management Strategy Evaluation (MSE) (cf. Section 7.5.6).

A similar representation (often called a Kobe Plot (Figure 40 B) may be used to 
materialize the depletion and rebuilding trajectories in relation to targets and limit 
reference points. The figure shows hysteresis between the two trajectories reflecting 
some form of depensation (i.e. for similar values of F, biomass rebuilds much more 
slowly than it collapsed).  

Conventional HCRs Rules tend to relate allowed fishing pressure to the state of 
biomass. The absence of consideration of social and economic parameters of the 
fishery has been criticized (e.g. in Larkin et al., 2011) in that they do not allow full 
optimization of the rebuilding trajectory.

It should also be noted that for some stocks, seasonal adjustments are needed (for 
biological or market reasons) and a static HCR mat not be appropriate if availability, 
demand, price, etc. vary seasonally (Larkin et al., 2011).

Multiple-species HCRs have not been operationally used as far as we know but could 
be established using similar conventions (Figure 40 C). In such a framework, difficult 
trade-offs are to be made in balancing the different objectives (Fay et al., 2015).

Harvest decision rules must be developed in cooperation with fishery participants 
and co-management bodies to ensure that participants are engaged and supportive of 
the conservation measures. Without their engagement, compliance with management 
measures (and hence rebuilding success) may be significantly reduced. Harvest decision 
rules should also be clearly communicated to avoid misinterpretation among fishery 
interest groups. 

7.5.5 Coping with climatic oscillations 

When dealing with rebuilding, being able to predict future environmental conditions 
with enough precision to effectively prepare measures ahead of time would be very 
useful. However, the research needed to develop this capacity has a cost and its 
probability of generating accurately enough forecasts is low. Consequently, Walters and 
Parma (1996) discourage that approach and indicate what to do instead. They showed 
that, when stocks are affected by strong autocorrelated environmental oscillations 
(and trends), taking a constant fraction of the stock (i.e. applying a constant fishing 
mortality rate) allows the fishery to track the oscillations, getting higher catches when 
stocks grow and lower ones when the stock decreases. It allows the spawning stock size 
to “track” the oscillations and, overall, produces a long term catch very close to what 
could be obtained knowing the climatic oscillations in advance. The implication is that 
it may be more cost effective to invest in research on how to implement fixed harvest 
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rate strategies106 than to invest in research on explaining and predicting climatic effects. 
This argument may not consider the advantage of foreseeing important increases in 
abundance to avoid gluts in processing or oversupply in the market, but these elements 
could perhaps also be in-built in the decision-rule (e.g. putting a cap on maximum 
landings).

Nonetheless, the work on long-term oscillations has continued since the FAO 
international workshop on the subject in 1984 (Csirke and Sharp, 1984). Klyastorin 
(1998, 2001) identified cycles of 55-65 years in the to the Atmospheric Circulation 
Index (ACI), an atmospheric temperature anomaly, apparently “synchronized” with 
fisheries production cycles of 50-70 years for the California sardine and about 55 years 
for the following species representing about 50 percent of world landings: 

•	 In the Pacific Ocean: with the two collapses of the Japanese sardine, California 
sardine, and Pacific salmon; the boom-and-bust of the Peruvian sardine, and 
Pacific herring and Peruvian anchovy, and the booms of the Alaska Pollock and 
Chilean Jack mackerel;

•	 In the Atlantic Ocean, with the boom-and-bust of the Atlantic cod, European 
sardine, Atlantic herring and the South African Sardine.

Klyashtorin projected such fluctuations until 2040 for the Pacific, the Atlantic and the 
world catches. Regular oscillations in stocks and catches have been detected also by: 
Beamish and Bouillon (1993) for Pacific salmon; Klyashtorin and Smirnov (1995) for 
North Pacific salmon and sardine;  Baumgartner et al. (1992) for California sardines; 
McClatchie et al. (2017) for California sardine, anchovy and hake107; Jonsson (1994) 
for Atlantic cod; Polovina et al (1994) for Pacific Ocean crustaceans, fish and marine 
mammals; Kawasaki (1994) for the Japanese sardine, Ravier and Fromentin (2001, 
2004) for Northeast Atlantic tuna. 

The oscillations are most often connected to climatic conditions with quasi-cycles with 
a periodicity of one or more decades, up to 100 years. The dynamics of small pelagic 
clupeoid fish populations in the Eastern Atlantic between Senegal and Norway, as 
well as in the Mediterranean and the Baltic Sea have been shown to vary in positive or 
negative synchrony with the Multidecadal Atlantic Oscillation (MAO) in sea surface 
temperature, with a periodicity of 60-80 years and similar impacts on marine life have 
been detected over centuries and across the Holocene (Alheit et al., 2014a, 2014b). The 
longest-term oscillations detected by Klyashtorin, Baumgartner, Ravier and Fromentin 
(about 60-100 years) are very difficult to demonstrate empirically as good fisheries 
datasets are rarely longer than 60-100 years (McClatchie et al., 2017).

The implication is that the short-term relation between fishing and stocks leading 
to depletion happens within a longer-term natural variability pattern, often quasi-
oscillatory. For these stocks, the conjunction between a stock collapse and a 
(usually increasing) fishing intensity only indicates that the fishing pressure of the 
last few years was not sustainable at that moment in the natural oscillation. It does 
not tell us much about MSY (which varies in any case with the oscillations) and 
FMSY. Moreover, it implies that the result of effort reductions on a collapsed stock 
will depend also on the environmental cycle with which the stock is in synchrony.                                                                                                                                       

106  E.g. improving stock size assessments, designing stringent regulatory measures to control yearly fishing 
rates

107  Biomass have been shown to vary by a factor of 40 for anchovy, 25 for hake and 20 for sardine.
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The history of depletion tells us therefore that we have not been able in most cases 
to control the growth of the sector which has been able to draw benefits from every 
oscillation to extract food and revenues, surfing on the resources waves, developing 
on growing stocks and failing to regress in declining ones. Serial overfishing, to some 
extent may reflects serial oscillations and the fact that they were never integrated in 
the tactical stock assessment and management strategies (even though often poorly 
reflected as “stochastic” noise).

The implication for rebuilding is that depleted stocks will not rebuild unless the 
climate oscillations are in the favourable phase. These issues were abundantly discussed 
in the 1984, in the Expert Consultation to Examine Changes in Abundance and 
Species Composition of Neritic Resources (Csirke and Sharp, 1984) preceded by 
the fundamental work of Lasker (1981) on the recruitment determinism. Caddy and 
Agnew (2004) give an example of decision-table considering these two dimensions 
(Figure 41).

The figure indicates what should be done in different stocks situations depending 
on the environmental regime and stock condition. For a long-lived demersal species, 
the concerns about stock condition predominate. For short-lived pelagic stocks, 
environmental conditions might be more important. Another very important practical 
implication is that these oscillations will continue to affect resources productivity 
in the future affecting the performance after the rebuilding period and threatening 
“sustainability” of the results obtained unless they are foreseen, and measures are in 
place to adjust removals to productivity oscillations to optimize production on the 
long term. 

7.5.6 Management Strategy Evaluation (MSE)

Political will is a necessary but not sufficient condition for successful rebuilding. 
Uncertainties are high, regarding present and future stock sizes, reactions of fishers 
to rebuilding measures, management performance (including MCS) and driving 
economic or ecological parameters. Identifying robust rebuilding strategy alternatives 
and decision rules accounting for known or suspected sources of variability, is a central 
problem.  

FIGURE 41
Theoretical risk-related decision table for rebuilding decisions, 

accounting for stock condition (level of depletion) and productivity 
regime (state of the environment)

Inspired from FRCC (2002) cited in Caddy and Agnew (2004). Colours reflect levels of risk
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Management Strategy Evaluation (MSE) is considered best practice in addressing the 
problem of identifying robust management alternatives and hence rebuilding strategies. 
It can be applied, a priori at any time in the rebuilding process: (i) ex-ante, to simulate 
alternatives and facilitate the choice of the one corresponding best to the selected set 
of goals; (ii) in the middle of the rebuilding process, to reassess alternatives if the one 
selected does not seem to be producing the expected results; or (iii) at the end of it 
for final performance assessment to compare the outcomes obtained (e.g. costs and 
benefits) with a counterfactual scenario, now that the evolution of climatic and socio-
economic drivers are known. 

The MSE is a method used to identify and compare different management strategies 
(and hence rebuilding strategies) to determine how robust feedback-control 
management strategies are to errors in measurement, assessments, modelling, and 
other foreseeable sources of uncertainty (Smith, 1994; Cooke, 1999; Butterworth and 
Punt 1999). The focus of MSE has been on management of single-species fisheries, 
but could, in principle, also be used to analyze management strategies having broader 
ecosystem objectives (Sainsbury et al., 2000, Butterworth and Punt, 2003). MSE can 
be used to examine the balance of ecological, social and economic outcomes (Kell 
et al., 2005; Holland, 2010; Munro, 2010; Larkin et al, 2011). It does not intend 
to find which strategy is “optimal” although with proper weighting of the criteria 
that conclusion might be reached. It is very useful to test a variety of strategies in 
relation to different sources of uncertainty, to identify the most robust ones (Punt 
and Ralston, 2007). It may, for example, help select the strategies that reduce the 
variability of the TACs and TAEs, facilitating industry’s operations. Developed 
and used in a participatory framework, MSE may also be a tangible instrument to 
foster cooperation with stakeholders in the rebuilding process, possibly improving 
information, assessment, buy-in and compliance. 

The MSE uses different interlinked models to simulate: fish population dynamics 
(with their variability); the fishing process (with its uncertainty); scientific data 
collection (sampling surveys); fishery data collection (at landing); data analysis 
and stock-assessment; scientific advice (e.g. on TAC of effort) including a harvest 
control rule (HCR); management decision and implementation; etc. After calibration 
on real data, the procedure can be used to compare how different strategies (using 
different approaches and instruments) or different options within a selected strategy 
(e.g. different maximum rebuilding times) perform in relation to the core rebuilding 
objectives and constraints. It projects the state of the resources for many years in the 
future for various rebuilding scenarios, testing then under different sets of climatic 
conditions and management regimes. 

The use of MSE is spreading slowly in fisheries management since the end of the 
1990s –in part because of the data and scientific capacity needed to apply it– and 
is also slowly being considered in fisheries rebuilding programmes (e.g. Punt and 
Ralston, 2007; Holland, 2010; Munro, 2010; Larkin et al., 2011; Wetzel and Punt, 
2016). MSEs have helped in identifying the relative performance of alternative 
rebuilding strategies, e.g. in terms of rebuilding time, probability of success within 
a given rebuilding time, consequences in terms of catches or Net Present Value, etc. 
(cf. Section, 9.3).

A Management Strategy Evaluation was conducted, for example, to evaluate the 
performance of alternative rebuilding strategies on the US West Coast (Wetzel and 
Punt, 2016). It showed that: (i) there are trade-offs between the severity of the catch 
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reduction imposed for rebuilding and the time it takes for the stock to rebuild. The 
greatest harvest reduction resulted in faster stock response and higher average catches 
over the projection period. There is a trade-off between the % probability of rebuilding 
accepted and rebuilding performance. Implementing a strategy resulting in a 50 percent 
chance to rebuild performed poorly compared to one resulting in a 60 percent chance 
to do so. The first one resulted in more changes to the rebuilding plan to tackle the 
higher frequency of failures to meet the rebuilding target, particularly in the case of 
long-lived fish with long rebuilding time frames. 

7.6 TAKE-HOME MESSAGES

The strategy

The rebuilding strategy is the central infrastructure of a fishery rebuilding programme, 
determining the ways and means to reach, within the relevant laws, the overarching 
goals fixed by the rebuilding policy.  It is an “extra-ordinary” fishery management 
strategy developed for the specific purpose of restoring the resources and the fishery. 
It may be associated with, or embedded into, the “ordinary” management strategy for 
the fishery (e.g. in the Harvest Control rule) or the sector and the degree of departure 
from it depends on the degree of depletion at which rebuilding starts.

The strategy sets the operational goals, the management rebuilding approach and actions, 
the shape of the expected rebuilding trajectory, and the performance assessment process. 
A clear, agreed, strategy enables managers and industry to co-operate with greater 
confidence across a difficult pathway, in a transparent management environment, with 
specified expected outcomes and time frames, and, hopefully, a reduced probability 
of unexpected outcomes (surprises) requiring destabilizing hasty decisions. It sets the 
necessary management objectives and targets, displays the necessary actions, defines 
the intended rebuilding trajectory: the starting and end points of the effort and the 
expected trends between the two; and the maximum allowed rebuilding period. It 
defines the monitoring system and eventually the specific performance assessments to 
be conducted.

Overarching elements of the rebuilding strategy (such as fundamental rebuilding 
standards) might be fixed in the law or the policy, to give them strength and ensure 
sectoral (and national) coordination and coherence. The strategy development 
check-list will contain: (i) the consensus regarding the situation and expected 
changes; (ii) the legal and policy overarching goals and constraining frames within 
which the strategy must fit; (iii) the contextual conditioning factors and drivers, 
and the vulnerabilities in the natural and socio-economic domains; (iv) the stock 
parameters and interactions;(v) the sector characteristics and interactions, including 
the value chain and the market; (vi) the monitoring and assessment framework, the 
baselines, the targets, the necessary data, the assessment protocols; the possible 
snags;  (vii) the management measures available; (viii) the decision-making process, 
rules and participation; (ix) the implementation process (roles and rules); (x) the 
monitoring, control and surveillance; (xi) and the factors to be used to assess 
performance. Most of these items should be part of the “ordinary management” 
framework but rarely are and may not be compiled together in an accessible 
document which the rebuilding situation makes indispensable to maximize 
compliance and cooperation of the actors.
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There may be more than one strategy to reach the rebuilding goals. They may 
differ in: (i) the balance between ecological, social and economic objectives; (ii) 
management approach (e.g. individual, communal or space-based rights; constant or 
modulated catch or fishing mortality, in space or time); (iii) immediate and long-term 
benefits and costs and their distribution among actors; (iv) potential effectiveness 
(probability of success); (v) the interactions explicitly considered and the degree 
of consistency with ecosystem-based principles. As rebuilding targets are largely 
fixed in international and national law, key differences are in the decisiveness of 
the strategy (departure from the “ordinary” management scheme) and the expected 
rebuilding time, both of which with cost/benefit implications. Rebuilding strategies 
may be active (e.g. regulating actively the amount and pattern of removals) or 
passive (e.g. using well-enforced protected areas of various kinds, or moratoria). The 
strategy may also depend on the “depth” of depletion, i.e. the fraction of the unfished 
population that remains when the plan is started. This level may just emerge when the 
future of the fishery is obviously threatened or may be anticipated and fixed by law 
according to the precautionary approach. In case of deep depletion, the probability 
of rebuilding problems need to be foreseen, especially if unfavourable climatic or 
socio-economic conditions are foreseen.

While each fishery deserves its own strategy, there are strategic considerations of 
generic value, e.g. : (1) A first decision to make is whether to introduce a special 
rebuilding regime or only tweak the ordinary management framework; (2) The legal 
and policy frameworks may pre-empt some decisions regarding the overarching goals, 
rebuilding targets, rebuilding time, effectiveness criteria, EAF management principles, 
precautionary approach, conservation values, social and economic objectives and 
constraints, operational flexibility; (3) There may be already a preference expressed 
at policy level for certain types management approaches (e.g. regulatory vs incentive-
based) and even for approaches to control of fishing pressure (e.g. constant catch; 
constant fishing mortality, variable fishing mortality, space-time regulations, fishing 
rights, incentives and combination of these). 

The rebuilding approach might be passive (“nature based” e.g. using moratoria) or 
active (matching a reduced fishing pressure to rebuilding performance). It might 
be considered at various biological, ecological, geographical, sectoral, jurisdictional 
and social scales, particularly as drivers and impact might be at different scales. 
The rebuilding references (baselines or reference values or directions, or trends) are 
fundamental and problematic as the past is rarely well known and the future uncertain. 
The rebuilding approach, and its severity, may depend on whether the decline is 
smooth or brutal and on the depth of depletion.

The strategy development step 1 (scoping) is important in “setting the scene” through 
a quick scanning of the situation, identifying the state of the key elements of the 
problem, the key actors, the legal and policy constraints, the needs, the information 
and capacity available, the competences needed, the vulnerabilities and likely snags, 
the opportunities, the likely candidate alternatives, the likely time needed for the 
development, etc. Step 2 is a multidisciplinary assessment of the situation and analyses 
of the candidate strategies in terms of their key properties. Transparent consideration 
by key stakeholders, informed by the best possible scientific analyses is necessary to 
overcome “natural” fears and distrust, and reach consensus. In Step 3, the elaboration 
of advice to the decision-making authority may imply a ranking or pre-selection 
of alternatives and this last step is also better made in participative mode. The final 
decisions belong to the management authority (sensitive to societal desires and sectoral 
interests) and the role of scientists depends on local conditions.
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The trajectories

The respective values of the candidate strategies are usually assessed, ex ante, across 
the entire rebuilding period, in terms of total catch, costs, benefits (e.g. in Net Present 
Value). They can also be assessed, ex-post, comparing the expected trajectories of the 
indicators and the ones that were observed.  

The structural elements of the rebuilding trajectory (or recovery path) are: (i) its 
starting point, at which the rebuilding regime becomes mandatory; (ii) the end-point, 
at which the ordinary (enhanced) management regime takes over; (iii) the rebuilding 
time between the two; (iv) the fishing road-map indicating the allowed levels of fishing 
pressure and removals, including possible moratoria, and their relation to biomass 
rebuilding. The latter is best crystallized in a special Harvest Control Rule (HCR). 
A rebuilding time fixed in the law and a pre-agreed re-opening protocol to end the 
rebuilding process would respectively ensure diligence with rebuilding and reduce 
the risk of premature re-opening and sliding back, under sector pressure. As with all 
HCRs, scientific uncertainties, climate vagaries, and surreptitious shifts in the sector 
call for precaution. With the available information (and mainly from modelling work, 
“too mild” rebuilding strategies have been found ineffective and “too harsh” ones, 
unnecessarily costly. 

The shape of the expected rebuilding trajectory may be elaborated by simulation but 
when rebuilding is undertaken late in the depletion process, the risk of hysteresis (i.e. 
of significant difference between the expected trajectory and the real one) that can slow 
down or delay rebuilding, should be kept in mind, particularly in presence of climatic 
oscillations or socio-economic collapse. With the present scientific information 
available, hysteresis cannot be predicted (except perhaps in the case of predictable 
climatic and socio-economic shifts) but constant monitoring of the rebuilding process 
will help detecting anomalies and introduce corrective measures.

Risk management

The rebuilding strategy sets a challenging scenario of risk management. Uncertainty is 
high regarding the depleted population, the interactions within the species assemblage, 
the ecological and socioeconomic conditions, current and future. The higher the 
depletion reached, the more variable the environment, the more sensitive the species, 
and the riskier the strategy. 

A rebuilding strategy robust to uncertainty requires; (i) a good risk awareness; (ii) 
effective monitoring and assessment capacity; (iii) reactive systems of communication 
and management; (iv) organizational capacity to decide under uncertainty and react in 
case of unexpected events. 

The Precautionary Approach to Fisheries (PAF) can help designing such robust 
strategies but the risk will never be nil. The desirable degree of precaution may be 
embedded in the rebuilding decision rule, a variant of the Harvest Control Rule used 
during the rebuilding process.

Careful monitoring and an adaptive approach to rebuilding is therefore required. 
Stakeholders’ consensus on the adaptive protocol should rather be obtained beforehand 
to avoid deleterious delays in decision. The consensus-building process will be turbulent 
because of the different vested interests and stakes, and the different perceptions and 
weights given to potential misses and false alarms which, depending on the angle, may 
be allocate costs and benefits differently to conservation or fisheries. 
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The ex-ante evaluation of potential alternative strategies may be done using Management 
Strategy Evaluation (MSE) framework (Section 7.5.6), an approach already spreading 
in advanced ordinary management systems.
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8. Implementation

Implementation is the moment in which theories and rationalizable desires come to 
grasp with reality. Its backbone is the rebuilding plan (hereafter “the Plan”) which de 
facto designs the way people are expected to act to achieve rebuilding, natural factors 
permitting! This is true for an ordinary fishery management plan but is particularly 
relevant in rebuilding from severe depletion. A resource collapse, when that resource 
is a major support of national (or coastal) economies and livelihoods, is a significant 
disaster for vulnerable and dependent communities, adding a socio-economic calamity 
to an ecological one. The human populations concerned, which might already be in 
a high state of stress because of depletion, will be stressed further by the rebuilding 
strategy, risking at least a temporary total or partial loss of livelihood (McCay and 
Finlayson, 1995; Kurlansky, 1997). Their perception and response will, therefore be 
key elements of the rebuilding strategy success or failure.

8.1 IMPLEMENTATION PLAN 

Planning the implementation of the strategy is a crucial stage of a rebuilding process, 
following on the higher-level phases of policy and strategy development, and preparing 
the action in the field by all the actors concerned. In practice, it is also possible to 
consider the development of the rebuilding plan as including a strategic planning 
phase which would develop the strategy and would be followed by an implementation 
planning phase which then would develop its tactical aspects. Any discussion on 
planning tends therefore to overlap with that on strategy development.

In this document, strategy and plan have been treated separately for practical purposes, 
highlighting the connections between them, and we tried to reduce duplication to the 
minimum needed to keep each chapter sufficiently self-sufficient. 

The rebuilding plan is a transparent road map of the rebuilding process, and an 
operational translation and explanation of the strategy, understandable by all those 
expected to operate within it, at the scale at which they operate. It contains the essence 
of the strategy, and the tactical ways and means to implement it are identified and 
articulated. Ideally, the Plan describes the following elements:

•	 Domain of competence: (i) Which management unit, target or bycatch species, 
fisheries, fleets and geographical area(s) are concerned; and (ii) Under which 
jurisdictions: local, state, federal, regional, etc.;

•	 Frames of reference: (i) International agreements and national laws, (general or 
specific) under which it applies; (ii) Fishery policy and other overarching policies 
(cf. Section 5.2); and (iii) the specific rebuilding strategy (if formally adopted), 
within which it operates (cf. Chapter 7), demonstrating its legitimacy; 

•	 Institutional set-up: (i) The Agencies and bodies responsible and involved, with 
their roles and functions in relation to the Plan; (ii) The interactions between central 
and local authorities, and with stakeholder groups (e.g. for co-management). This 
is particularly important in case of interacting fleets or fisheries. (iii) The oversight 
mechanisms (possibly participative) to oversee implementation and performance 
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assessments and follow-up; (iv) Possibly an Appeal and conflict-resolution 
mechanism; Institutions (iii) and (iv) may be specific to a fishery or common 
to a subsector or sector. Most institutions will be the one in charge of fishery 
management, but others might be involved, from the Ministry of environment, or 
specific to the rebuilding regime;  

•	 Goals, objectives and targets: Overarching policy goals, of the ordinary and 
rebuilding regimes, e.g. return to sustainable stocks and exploitation levels while 
maintaining a viable fishery108;

•	 Limits, targets and indicators: (i) the minimum level at which the Plan will start; 
(ii) The final rebuilding target at which the rebuilding regime will be considered as 
concluded; (iii) any interim targets established in between as milestones, to check the 
rebuilding trajectory (Section 7.4). The criteria are clearly specified: total biomass, 
spawning biomass, age structure as well as the indicators used such as CPUE, 
scientific surveys; model-based estimates (e.g. for spawning biomass or recruitment). 
The relation to the rebuilding Harvest Control Rule (HCR) (cf. Section 7.5.4) is also 
specified;

•	 Constraints: within which the Plan (and fleet) operates, such as those imposed by 
overarching economic policies (e.g. about subsidies), environmental policies and 
regulations (e.g. about threatened species) (cf. Section 5.3) and by the rebuilding 
strategy itself (e.g. Maximum rebuilding time). Threats are also identified, i.e. the 
potential sources of failure of the Plan, such as IUU, unfavorable environmental 
(e.g. climatic), social or economic conditions, and for which measures are put in 
place or contingency plans exist; 

•	 Actions and measures: needed to implement the strategy in the specific and 
often variable or changing fishery context. The potential tool-box is addressed in 
Section 8.2. It contains technology and performance standards (i.e. conventional 
gear regulations and input-output controls), incentives, market-based instruments, 
etc.) many of which usually need to be used simultaneously, including non-
conventional ones like temporary moratoria and total closures (MPAs). Because 
of the potentially higher costs of the rebuilding programme and the perspective of 
higher profits when the ordinary regime is re-established, a clear sunset clause109 
should be adopted indicating clearly the basis on which the rebuilding plan will be 
deemed completed and the ordinary regime re-opening protocol; 

•	 Pre-agreed courses of action based on in-depth ex-ante analysis and hard 
negotiations between stake-holders reduce the time needed to act when needed. 
However, a rebuilding process, with minimal changes during implementation 
has advantages for both administration and industry. However, pressures may 
be exerted by the actors to deviate from the plan based on short-term contextual 
evolution. It is advisable therefore to identify ex-ante the possible alterations of the 
strategy and the transparent criteria justifying such alterations. Punt and Donovan 
(2007) give an example of Rebuilding Revision Rules fulfilling this purpose. If 
despite the foreseeable revisions (variants) of the strategy, the trajectory cannot be 

108  Maintaining or not a fishery during the rebuilding process is a major policy and political decision with 
important ecological, social and economic implications.

109  A sunset clause is usually A statutory provision providing that a particular agency, benefit, or law 
will expire on a particular date, unless it is reauthorized by the legislature. http://legal-dictionary.
thefreedictionary.com/Sunset+clause. In fisheries recovery plan, the sunset clause is the one that formally 
signals the end of the rebuilding regime.
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improved, a new strategy needs to be selected, feeding back the new information 
available into a new MSE (The “revision loop” on Figure 35); 

•	 Means. To ensure that the implementation is adequately supported, the Plan 
specifies the institutional, scientific, technical and financial means secured for it 
(amounts, sources and conditions for their mobilization). The compensation fund 
and mechanism may be an important component;

•	 Decision-support information: the planning process uses the best available 
information on ecological, economic and social conditions of the sector and the 
fishery, including local knowledge. It specifies the types of information on fishing 
operations, catches discards, etc. required for monitoring, control, and assessments 
and the way they will required for assessments and the way they will be collected 
(log-books, declarations, video or satellite data, scientific surveys); 

•	 Monitoring and enforcement. The public aspects of the monitoring control and 
surveillance (MCS) system are described together with the penalty system. The 
plan will indicate the eventual obligations regarding remote monitoring systems 
(VMS, AIS) or on-board observers, other enforcement procedures or devices 
(particularly those specific to the rebuilding regime such as landings and trade 
controls); 

•	 Performance appraisal. A recurrent is set-up to assess the performance of the Plan, 
and hence of the strategy and by extension the policy on which the entire process 
rests. The Plan specifies in advance what are the criteria that will be used to assess 
performance (cf. Section 7.5.6 and Chapter 9). The “continuous” assessment is 
integrated with monitoring in the plan with a short-term cycle (for “light” fine tuning 
of the plan) and a longer-term cycle (for a thorough revision of it). Assessments cover 
both the degree of progress towards the targets and the implementation efficiency 
(e.g. in terms of costs). Performance assessment is needed in quasi-real time to feed-
back information into the process and swiftly react to developing trends. Normal 
variability and uncertainty represent a challenge in that fine tracking carries with 
it the risk of over-reacting, confusing resource signals with ambient “noise”.  The 
assessment of the end-point of the process needs to be particularly accurate to avoid 
risk of premature re-opening of the ordinary regime and back-sliding; 

•	 Revision of the Plan. The need to rapidly adapt the Plan as required by unexpected 
dynamics of the process should be foreseen, clearly establishing the mechanisms, 
pre-conditions and procedures for such adaptation, to avoid undue pressure to 
tinker with the Plan. Being transparent about uncertainty reduces the risk of over-
expectations and hence frustration among stakeholders (c.f. Section 7.5);

•	 Communication. Active participation requires also a good communication strategy. 
The draft plan is openly communicated to stakeholders and the public to obtain 
feedback, reduce risk of misunderstanding and increase buy-in. Once the Plan 
is adopted, its content, progress in implementation and performance are widely 
communicated, particularly in the impacted communities, but also to the public 
and relevant civil society organisations. 

Many if not most of the elements of the rebuilding plan already exist (e.g. key institutions) 
but some may be very specific to the process, because a rebuilding plan needs to be 
implemented in a highly stressed context, in which the resilience of resources and 
industry are weakened, respectively, by a dangerously low natural capital with reduced 
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reproductive capacity, and an excessive and perhaps obsolete and non-precautionary 
production system lacking the financial capacity and technological agility to change. This 
dangerous conjunction might be aggravated by unusual negative climatic conditions.

The considerations and ingredients needed for an effective rebuilding plan are not 
very different from those for fisheries management plans (FAO, 1997b; OECD, 2012). 
However, fisheries are complex social/ecological systems in constant evolution. An 
effective rebuilding plan should, therefore, provide the elements of flexibility needed to 
adapt the plan to changes in contextual conditions, or dynamic results-based adaptation 
(Larkin et al., 2011). Like a formal management plan, a rebuilding plan should be a sort 
of “contract” between the fishery (and conservation) authorities and the sector. 

More than the ordinary management plan, the rebuilding plan should provide, 
inter alia, for: (i) Active participation, from early assessments to final decision and 
implementation; (ii) Risk for traditional assets to be reduced or lost; (iii) Local 
participation capacity; (iv) stakeholders’ dynamics, which are hard to forecast and 
model in a system with multiple actors with a lot of different perceptions and insights, 
often with no previous experience in collapse; (v) inter-sectoral issues, e.g. with other 
fisheries or aquaculture; (vi) perverse incentives; (vii) and needs for alternative or 
additional livelihoods, through a Sustainable Livelihood Approach (SLA) or Integrated 
Conservation and Development Projects (ICDPs). These may be useful to provide 
support to needy communities during the rebuilding process.

In most countries, year-to-year adaptive management plans do not exist or only for 
few important fisheries. In these countries, considerations about the state of stocks, 
the size of the fleets, the opportunities for correction of the fishing pattern, etc. may be 
examined only once every 5 or 10 years, e.g. within the national fishery development 
planning process, often connected with the agriculture or forestry planning cycle. 
These plans do not require detailed year-to-year adjustments (like TAC and quota 
policies do). In this case, a decision to restore a stock or a set of resources will require 
some form of plan that can be used for dynamic implementation and performance 
assessment. Such plan, however, does not need to be very sophisticated, or computer 
based, and could be developed interactively with the communities involved and 
introduce voluntary measures including moratoria (e.g. in Japan).  

We have seen that excessive depletion and collapses are not rare (Section 2.2) but it 
is not easy to find out how many countries in the world are presently implementing 
specific recovery plans in addition to their normal management plans. Table 9 is 
incomplete and dated but it only intends to show that less than a decade ago, in rich 
OECD countries, the proportion of depleted stocks covered by recovery plans was 
highly variable but often significant. 

TABLE 9
Summary on stock status and rebuilding plans in selected OECD countries

Country
Stocks 

assessed
Rebuilding 

plans
Status of known stocks Assessment year

Australia 98 18% Overfished overfishing 2008

European Union 41 10 69% at risk of depletion 2009

New Zealand 117 32% below target 2011

United States 173 52 25% overfished/overfishing 2009

Japan 92 51 53% at low level 2008

Source: based on Table 5 and text in OECD (2012)
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A short but comprehensive guidance on rebuilding plans can be found in DFO (2013). 
There is very little information on rebuilding strategies and plans in the developing 
world in which formal management plans are still often missing and rebuilding might 
be seriously limited by scientific assessment and implementation capacity. The growing 
rate of implementation of the Ecosystem Approach to Fisheries (EAF) in these 
countries may provide an opportunity to make progress in that area. 

Little can be generalised about rebuilding plans implementation. If planned resources 
are available, all planned mechanisms should be at work. Some are specific to the 
rebuilding process (e.g. special MCS measures, an MPA, an emergency unit) but many 
are part of the ordinary management administration. Indeed, the likely limitations of 
the budget available to the fishery administration imply that many of the functions 
required by the rebuilding process (such as monitoring and surveillance; data 
collection, etc.) will be undertaken within the ordinary fishery management system of 
the sector, possibly upgraded to undertake the new tasks or accelerate old ones with 
specific coordination mechanisms and oversight. 

Multi-annual rebuilding plans

In most countries with advanced fishery management systems, such plans exist and may 
include rebuilding plans. For example, as a contribution to its commitment in WSSD to 
rebuild stocks by 2020, EU regulation 2371/2002110 established that within the multi-
annual planning approach adopted for ordinary for stocks at or over safe biological 
limits, multi-annual recovery plans (MARPs) are to be adopted as an absolute priority for 
stocks outside safe biological limits, providing for substantial reductions in fishing effort. 
MARPs should contain harvesting rules to set annual catch and/or fishing effort limits 
and provide for other specific management measures, taking account also of the effect on 
other species. Their content should be commensurate with the conservation status and 
characteristics of the stocks, the urgency of their recovery, and the fisheries characteristics. 

In Europe, such plans were established for stocks at or below safe biological limits such 
as: (i) Cod in the North Sea, Kattegat, Skagerrak, eastern Channel, Irish Sea and West 
of Scotland (2004); Norther hake (2004); Southern Hake and Norway lobster (2005); 
Greenland Halibut (2005); Sole in the Bay of Biscay (in 2006) and Western Channel 
(2007); Sole and Plaice in the North Sea (2007); Eel (2007); Baltic Cod (2007), West of 
Scotland Herring (2008) and Eastern Atlantic Bluefin Tuna (2009, repealed in 2016)111. 
The overall strategy may be seen as progressive and adaptive, adding stringency and 
special measures to current management plans only when required by an insufficient 
or failing rebuilding trajectory. Collie and Rochet (2013) have shown that this strategy, 
which avoided as a priority the closure of fisheries, succeeded in reducing capacity and 
fishing mortalities to mandatory MSY-related levels, but until recently, did not manage 
to rebuild stocks as expected (the trend might have started to reverse as this document 
was being written).   

In 2015, the European Commission elaborated also a multi-annual plan proposal 
for demersal stocks in the North Sea developed in close collaboration with fishers. 
Covering 70 percent of the fishing sector in the area, the plan aimed at MSY for all 
species concerned by 2020 (in line with the CBD Aichi Target 6) and is an interesting 
attempt to coordinated rebuilding of a species assemblage. Opened for comments in 
2015 and formally proposed in 2016, the plan is being examined by legislators. It will 

110 http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32002R2371andrid=9
111 https://ec.europa.eu/fisheries/cfp/fishing_rules/multi_annual_plans_en 
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replace the current single-species cod recovery plan and plaice and sole management 
plans and aims at bringing decision-making at regional level allowing national and 
regional processes to fine-tune the landing obligation (discard ban). It obliges the EU 
to prescribe swift action when the sustainability of any demersal stock is threatened112. 
Questions raised about the plan include: the necessary reference to the precautionary 
and ecosystem approaches and its capacity to account for interactions within the 13 
target-species and more than 200 other species and between the demersal and pelagic 
domains113. The plan was not yet operational at the time of writing the present document.

8.2 REBUILDING TOOL BOX

Rebuilding measures have been taken in the past, though not necessarily within any 
special rebuilding plan (Caddy and Agnew,2004). The resources rebuilding regime does 
not start from scratch but is grafted, extends, modifies and rarely replaces an existing 
fishery management set-up which represents a social capital accumulated for decades 
(or sometimes centuries) and cannot be scrapped without relevant transaction costs. 
For this reason, it is usually decided to keep the existing management framework, 
adding or adapting conventional measures (e.g. as advocated in Cochrane and Garcia, 
2009; Cunningham and Bostock, 2005; Swan and Greboval, 2005; Grafton et al., 2010; 
Munro, 2010a). 

In countries where formal management plans are mandatory, the action required for 
ordinary rebuilding from shallow depletion (a normal task in fishery management 
to correct modest departures from the management targets) are normally foreseen 
in the ordinary management strategy and plan and may be guided by the Harvest 
Control Rule (HCR). For rebuilding from “deep depletion”, a special strategy and 
rebuilding plan implementing a special rebuilding regime, might be required as in the 
USA, Canada or in Europe (see below). These are then considered as an extension of 
the ordinary management plan to implement rapidly and without exception when the 
stock abundance falls below its mandatory target area.

Logically, however, the conventional management regime (e.g. institutions, processes 
and instruments) that was in operation while the stock was depleted, was not effective 
enough, or not effectively implemented, and the same set up is unlikely to succeed 
in restoring resources. As a minimum, a more stringent application of the basic 
approaches advocated for implementation of EAF114 (FAO, 2003) is therefore needed. 

The instruments could be used to: 

1. Modify the depletion drivers. The instruments counter or mitigate depletion 
drivers such as: (i) Inadequate technology: e.g. innovating to create low-impact 
gear; (ii) Economy, changing the incentive structure, eliminating perverse subsidies; 
(iii) Incomplete legislation: allocating communal or individual rights; increasing 
deterrence of control and surveillance; (iv) Vulnerable livelihoods conditions, 
e.g. reducing dependence on fishing, providing alternatives sources of revenue, 
improving food security. Climatic drivers cannot be modified but foresight may 
be developed and adaptive approaches developed;

112 http://fishingnews.co.uk/news/north-sea-multi-annual-plan/ 
113 http://www.pewtrusts.org/~/media/assets/2015/04/pewsubmissiontocommissionconsultationonnsmap.

pdf?la=fr 
114  The manager can use the lessons learned during the collapse (if no other experience was available) and 

modify the way the conventional tool box was used to increase its effectiveness. 
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2. Correct the depletion outcomes. The instruments correct the state of the stock, 
assemblage or habitat (i.e. rebuilding biomass, age and genetic structures (meta-
populations), spatial distribution, trophic chain, ecosystem structure and function) 
and to rehabilitate critical habitat or at least promote No Net Loss in habitats 
when a return to original conditions is impossible. 

The two perspectives are obviously connected, e.g. reduction in fishing capacity should, 
in theory, reduce directly fishing pressure, indirectly improving stock structure. 

Rebuilding actions may involve a combination of: (1) Input and output controls, to 
stop and reverse overfishing, the main factor of depletion, (2) technical measures to 
control selectivity through controls of fishing pressure distribution such as mesh 
sizes, gear regulations, closed seasons or areas, and (3) other management tools, such 
as marine protected areas (MPAs), stock enhancement and habitat restoration. A 
portfolio approach to rebuilding stocks, deploying a wider array of management tools, 
could be most effective (Patrick and Cope, 2014). This is because the outcomes of 
input and output controls, and technical measures, depend on management efficiency 
(accurate assessments and flawless enforcement) and on intrinsic properties of the 
stock at low density, on predator-prey interactions, and on large-scale low frequency 
climatic factors, which management might foresee but not control.

Many of the tools described below are part of the standard fisheries management 
and EAF toolboxes, but the insufficiency of “business as usual” instruments (or their 
application) is proven when the stocks are depleted or collapses and when, under such 
management frames, they do not rebuild (cf. Rice [2003, 2018] for the Canadian cod). 
Accordingly, some alternative measures, adapted to high risk situations (Figure 42).

Input/Output controls

The first set of actions applies to the sector and requires reducing or eliminating 
overcapacity and excessive fishing pressure including IUU fishing (input control) and/or 

FIGURE 42
Management tools and dimensions of risk of species, 

assemblages and ecosystems

Risks are related to intrinsic vulnerability (bioecological risk), economic value (temptation of free riding) and 
“violability” (opportunities for non-compliance: e.g. weak governance; distance to shore, IUU). Modified 
from FAO (2000)
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reducing catches (output control). Existing systems to limit total allowable catch or effort 
can be modified using harvest control rules, adapting them to the desired rebuilding 
trajectory, including setting TACs and TAEs to zero if needed. Existing fishing 
agreements with foreign fleets may require renegotiation. The outcomes are largely 
dependent on management institutions (e.g. fishing rights) and efficiency (MCS). The 
severity and speed of the reductions depend on whether a smooth decline or a collapse is 
occurring. The key instruments are Total Allowable Efforts (TAE) and quotas, and Total 
Allowable Catches (TACs) and quotas. Reduction of fishing capacity (fleet size and total 
power) to a size more commensurate with the stock long-term productivity (e.g. MSY or 
MEY levels) requiring buy-back schemes undertaken by the State of through the market. 
If the fishery collapses economically with the stock (something usually assumed but that 
may not be always true), fleet reduction or withdrawal may happen naturally. 

The optimal trajectory of fishing pressure reduction in the rebuilding process depends 
on local conditions and cannot be generally prescribed (see Section 7.4). The outright 
closure (moratorium) of the fishery until rebuilding is more stressful for the sector and 
communities than partial reduction or a stepwise closure in time or/and space or new 
gear regulations, but the efficiency of the latter in case of very low levels of abundance 
has been questioned (Caddy and Agnew, 2004).

Problems emerge with rebuilding in a mix of species in different status and 
with different productivities and vulnerabilities (Murawski, 2010). The problem of 
rebuilding multispecies assemblages has been discussed in Section 3.2. To additional 
and related aspects are particularly difficult to deal with:

•	 Fleets interactions. The issue emerges when a species (A) taken as target by one 
fleet/fishery (F1) is also taken as bycatch by one or more other fleets (F2) targeting 
other species (B) on the same fishing ground. If species (A) is depleted and a 
rebuilding programme must be applied, the problem is how to constrain the fleet 
(F1) to rebuild (A) (the “choke species”) without unduly affecting fleets (F2) and 
their catch of non-overexploited species (B). Reeves et al., 2008 discuss the example 
of the North Sea cod, haddock and whiting fisheries interactions; 

•	 Multispecies fisheries. The issue emerges when species (A), (B) and (C) are taken 
together in one multispecies fishery and (A) requires rebuilding. As above, the 
problem is how to reduce the catch of species (A) to rebuild it without unduly 
affecting the catch of species (B) and (C) which are not overfished. 

In many ecosystems, both cases occur simultaneously as separate fleets (métiers) 
chase their target species on the same ground, with incomplete selectivity. The uneasy 
solution is the same: trying to modify the fishing practice of one or more fleets to 
improve selectivity, through changes in fishing gear or practice and allocation of 
effort in space and time. This is far from easy with conventional measures and the 
consequence is that even where effective effort control has been implemented, the 
differential pace of stock recovery among the more and less productive components of 
the species mix creates the potential for relatively minor stock components to control the 
access of the fishery to the larger and more productive stocks. Applying recovery plans 
to let the less productive components rebuild may leave already recovered components 
underexploited (Murawski, 2010).

In theory, the use of bycatch credits (Segerson, 2007; Sugihara et al., 2009; Squires and 
Garcia, 2016), an approach now being applied, might help fostering fisher’s capacity to 
avoid catching the threatened species. 
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Some additional discussion on effort regulations can be found in Section 7.4.4 
regarding the control of the effort trajectory in a rebuilding strategy.

Ways to rapidly reduce removals, in addition to effort controls above, include: (1) 
Reducing TACs and quotas, establishing a decision rule that quasi-continuously 
adjusts the TAC to spawning stock size, assuming perfect control of landings, bycatch 
and illegal fishing; (2) Allocating property rights to facilitate their “contraction” and 
reducing the entitlements; and (3) Introducing a conservation tax on fishing, the 
effectiveness of which, however would depend upon the elasticity of demand for fish 
(and capacity of the consumer to switch species). The impact of residual bycatch of 
depleted species should not be underestimated and measures to reduce such bycatch 
may be necessary. Measures include regulations on gears and areas fished as well as 
discard bans (landing obligations).

Technical measures including closed areas

The second set of actions provides additional instruments to facilitate the rebuilding 
of spawning biomass and age-structure through, protection of (i) juveniles to improve 
recruitment, possibly up to age at maturity; (ii) residual old spawners; (iii) spawning 
grounds and concentrations; and (iv) critical habitats (Myers and Ottenmeyers, 
2005; Costello et al., 2012). The instruments of choice are technical measures such 
as gear modifications (which we will not examine here as they are rarely specific to 
“rebuilding”), closed seasons and closed areas.

Space-time closures are most often established to protect juveniles or older spawners. 
In coastal areas, they may also aim at, or result in habitat protection and rehabilitation. 
Their effectiveness is low when the overall fishing pressure is not controlled but 
added to an effectively implemented first set of input/output measures they might 
improve rebuilding performance. It has been shown, in the Baltic Sea that closed 
seasons covering the entire fishing area had a much greater impact on recovery rates, 
final stock sizes, and yield than well-enforced partial spatial closures, limited to dense 
pre-spawning and spawning concentrations, which allowed the cod fleet to re-allocate 
efficiently its effort into open areas to compensate the closure effect to a large degree, 
maintaining high catch levels. The conclusion was that spatiotemporal fishing closures 
were only effective for stock recovery when they really reduced overall fishing effort 
(UNCOVER, 2010a). 

In fishery management, closed areas are usually gear-specific and have been used areas 
for centuries to: (i) protect a critical life stage of target resources and their habitat, such 
as concentrations of juveniles or spawners; (ii) protect resources during migration; 
(iii) reduce the probability of bycatch for threatened and protected species; and (vi) 
to reserve resources to some vulnerable fishing communities (zoning). Their goal is 
to contribute to fisheries sustainability, as in (i) to (iii), and to reduce conflicts as in 
(iv). In both cases, combined with other measures, they may contribute to accelerate 
rebuilding when the overall fishing capacity has been properly re-dimensioned. Their 
efficiency depends on how well they are implemented (enforced) and on the overall 
management framework within which they operate. Efficiency may be rather low 
if the fishery is in a state of chronic overcapacity and overfishing, and if the effort 
excluded from the closed area is imply displaced outside it instead of being eliminated. 
Unless located in areas of high stock and fishing concentration –in which case they are 
harder to accept by industry– closed areas, by themselves, cannot contribute much to 
reduce fishing mortality. Closed areas tend to work better for rebuilding of resident 
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than pelagic species. They may be introduced by the fisheries authority but are more 
effective when they are established with the consent and implementation support of 
local communities e.g. Locally Managed Marine Areas (LMMAs) in the South Pacific 
or Territorial Use Rights (TURFs) in Chile. Closed areas may also be established 
(negotiated with the State) as voluntary by the fishers themselves, for example in 
Canada (DFO, 2013), Japan (Makino, 2018), West Africa (Ecoutin et al., 2014), or 
South Africa (Augustyn et al., 2018) often, combining sustainable use and conservation 
objectives. Long-term closures, in which some fishing gears or practices may be totally 
prohibited to protect target, dependent and associated species and living habitats 
(Caddy and Agnew, 2004:14; Hall, 2009) may have broader conservation benefits, 
e.g. on habitat.  Temporary fishery closures may also be useful to boost the initial 
rebuilding. In this case, the duration of the closure might be set in accordance with the 
lifespan of the species (to ensure the rebuilding of a sufficient set of year classes) or 
the age at maturity (to ensure faster rebuilding of spawning capacity). In both cases, 
however, a consistent control on age at first capture may have to be established. They 
might be used specifically for rebuilding to reduce fishing impact at lower cost that an 
outright moratorium (Hall, 2009). 

Marine protected areas (MPAs sensu stricto) as defined in IUCN (Day et al., 2012) are 
usually legally designated with broad biodiversity conservation as prime objective, 
protecting biodiversity components and ecosystem services. They may tolerate some 
level of low-impact use. They may therefore be introduced in an EEZ and a fishing 
area by the mandated environmental authority for broader, cross -sectoral purposes, 
e.g. to protect threatened or emblematic species or even fishery target species that have 
been driven below some safety thresholds, considered as “threatened” and moved from 
the fishery to the environmental jurisdiction. This type of closure is considered very 
disruptive and usually not favoured by the fishery sector (particularly no-take-zones) 
but fishery reserves might be integrated in a fishery management plan for specific 
fishery and conservation purposes. However, MPAs that exclude all or a significant 
part of fishing activities, have immediate as well as long-term, direct and opportunity 
costs that have been neglected for decades in MPAs advocacy, and, if not properly 
planned, may fuel the resistance of many fishing communities to their creation (Garcia 
et al., 2013). The discussion about their use in fisheries management has raised no 
little controversy in the fishery arena (e.g. Hannesson, 1998; Mangel, 2000; Frank and 
Brinkman, 2001; Gell and Roberts, 2001; Hilborn et al., 2004; Garcia et al., 2013; De 
Leo and Micheli, 2015). It focuses on the conditions under which spillover of adult 
biomass and export of reproductive propagules (e.g. eggs, larvae, juveniles) are exported 
from no-take areas to the fishing grounds as well as on immediate and long-term 
social and economic impacts, particularly for vulnerable and highly dependent human 
populations. Regarding the biological impact, information is improving and varies 
extremely between sites, species and studies. Evidence of biomass spillover have been 
shown, e.g. in the Mediterranean (Goñi et al., 2011) or African estuarine areas (Ecoutin 
et al., 2014) and estimated by simulations (Brochier et al., 2013). Significant larval 
exports (e.g. in tropical coral reefs, Harrison et al., 2012) have also been convincingly 
shown for some places and species. These findings progressively add credit to the idea 
that properly planned no-take marine reserves (NTMRs) might have a place in fisheries 
stocks rebuilding plans (Kenchington, Kaiser and Boerder, 2018) whether or not the 
regenerated biomass is directly accessible to the fishery.

A central problem, is usually that the cost of added protection is to be faced 
immediately (loss of access to fishing, revenues and threatened livelihoods) while the 
benefits take from a few years to decades, sometimes, to materialize and mature fully 
(Kenchington, Kaiser and Boerder, 2018). Another problem is that protected areas 
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tend to be established by conservation authorities, too often with little involvement of 
fishery peoples (although this is changing) and tend to be permanent, i.e. impossible to 
adjust/fine tune as information improves, climate changes or stocks rebuild. While they 
may be used to protect non-target species (e.g. sea-birds, turtles) more effectively than 
gear regulations, Munro (2010) indicates that they are unlikely to be as economically 
effective as more dynamic measures including space-based real-time management of 
bycatch by fishers and modifications of gears and fishing strategies and bycatch credits 
(Squires and Garcia, 2018; Kraak et al., 2012). 

Locally Managed Marine Areas (LMMAs) have been developed by coastal communities 
in Pacific Ocean island States for both conservation and fishery and usually have the 
support of the coastal and fishing communities.

The advantage of closed areas on other instruments that might be used for rebuilding 
(based on Hall, 2009) are: (i) conceptual simplicity; (ii) when no other means can 
be used to protect bycatch species; (iii) a tractable approach in data-poor situations; 
(iv) a sound and long-used approach to protect habitats; and (v) insurance against 
uncertainty. The disadvantages include the fact that they may: affect non-fishery, users; 
have higher economic costs (Munro, 2010) including enforcement costs; and their 
effectiveness maybe hard to prove. Most of the arguments in favour or against using 
closed areas and MPAs in fisheries management and rebuilding have been conceptual, 
advocative or political and scientific demonstration of their utility or performance for 
rebuilding stocks, based on empirical evidence is very scarce. Kenchington, Kaiser 
and Boerder (2018) concluded that while MPAs implementation may coincide with 
stock rebuilding, it is often impossible to separate the role of MPAs, from that of other 
fishery management measures and contextual variations115.

Temporary closures may be closed in rotation, seasonally or in real time. They are 
often used in ordinary management to protect juveniles or adult concentrations. 
Closed seasons have shown to be very ineffective for fisheries under excessive fishing 
pressure as their benefit is short-lived. Systematically protecting older spawners in 
permanently closed areas would be more effective (together with significant reductions 
of fishing capacity). Incentive-based real-time protection (Kraak et al., 2012) of high 
concentrations of juveniles might boost rebuilding but the practicality of the tool must 
still be demonstrated.

Tenure systems and rights

The formalisation and strengthening of tenure systems is a way to ensure stakeholders 
that must face sacrifices and costs that they will also be, in case of success, those 
benefiting from the strategy. The introduction of fishing rights may also help reducing 
capacity faster. Right-based management can be put in place in various ways, with 
often either a social (e.g. community-based) or a market focus. When successfully 
implemented, market-based instruments such as tradable fishing rights are known 
to improve economic outcomes (economic profits and rent) at the expense of some 
ecological objectives (such as maintenance of ecosystem structure and function), food 
security or wider social objectives, such as employment and equity. They can be tricky 
in a collapse situation as fishing opportunities would be low or nil, and speculators 
may buy fishery rights at a low price displacing traditional communities. Payments for 
Ecosystem Services (PES) could be used as an alternative, if some “buyers” (instead of 

115  This difficulty is not specific to MPAs and affects the assessment of the individual impact of most fishery 
management measures.
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the State) would like to pay fishers for not fishing (letting stocks grow) in exchange for 
future rights of use in the rebuilt fishery. On the other hand, buy-backs could probably 
work, if financed by the State, or by investors daring to face the uncertainty mentioned 
above.

Economic instruments, incentives and subsidies

Some economic instruments have started to be used for fisheries management, timidly 
in the 1970s and more aggressively in the 1990s. A comprehensive review of economic 
instruments used and potentially usable to mitigate bycatch impact on biodiversity 
has been developed by Squires and Garcia (in press). In principle, designed for use in 
normal management conditions, they could be considered also for use in rebuilding 
with the view to develop least-cost rebuilding approaches, optimize the cost/benefit 
ratio of rebuilding and better foster fisher’s innovative capacity in participative 
rebuilding strategies. However, their usability in or close to collapse conditions has not 
been examined and, as stated earlier, reversibility is not guaranteed. 

A large range of incentives is available to align fisheries and conservation goals. Legal 
incentives exist usually already through fishery regulations and penalties in case of 
non-compliance. However, they may need to be made more stringent or to be applied 
more strictly as small departures from expected fishers conduct may have large 
consequences for rebuilding probability. Social incentives are effective in traditional 
communities, much less in market-driven modern ones. Nonetheless, they may be 
enhanced by raising awareness, education and sense of common property (e.g. through 
communal fishing rights and community-managed protected areas) and devolution of 
management responsibility. Economic incentives other than fishing rights (including 
ITQs and TURFs) such as ecolabelling, taxes and bycatch credits, can be used in 
both sets and have the capacity to change behaviour and attitude and increase the 
effectiveness and the measures mentioned above and, perhaps, allow some cost-saving 
in deregulation and reduced MCS costs as right owners are more likely to favourably 
consider short-term sacrifices for long-term gains than stakeholders operating in an 
open access system.

Incentive-blocking instruments (like TACs and limited entry rights), though intended 
to prevent fishers from following perverse incentives, are not necessarily sufficient 
to avoid depletion and collapse (Munro, 2010). Incentive-adjusting instruments (like 
individual or community quotas) intend to transform those perverse incentives into 
benign ones and can be effective in rebuilding stocks and economics in moderate 
depletion cases, although we have not seen cases of deep depletion resolved by these 
instruments. 

Subsidies may be needed to facilitate exit from the fishery, create alternative 
livelihoods, or provide temporary support during the transition phase. However, 
their role in promoting and supporting overfishing is well known. Development 
subsidies (artificially reducing investment and operational costs and developing 
fishing power) have been used for decades by States, e.g. to maintain employment 
in rural areas or to acquire historical shares in common-pool international fisheries 
(mainly before the entering into force of the LOSC). A distinction tends to be 
made between positive incentives that guide fishers’ behaviour in the right direction 
(e.g. subsidizing significant fleet reduction to eliminate overfishing) versus perverse 
subsidies that would maintain or aggravate overfishing, even indirectly (e.g. fuel cost 
subsidies; subsidized social security or pension funds; management costs). Logically 
therefore, perverse subsidies are among the first elements to cancel in a rebuilding 
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strategy, but the economic consequences of the collapse and the rebuilding strategy 
may indeed call for subsidies to develop alternative livelihoods (see below) or provide 
some social and economic safety nets during the transition period. 

Social measures and alternative livelihoods 

Social measures are needed to reduce/mitigate the social and economic distress caused 
by collapses on fishing and coastal communities and the costs of rebuilding call for 
States’ intervention with safety nets to mitigate the impact and improve stakeholders 
buy-in, e.g. in the form of minimum safety revenue; alternative income opportunities; 
micro-credit; or freezing of banks mortgages. 

Alternative livelihoods are often suggested to assist in the process when both direct 
effort and catch reductions reduce livelihood opportunities in coastal and fishing 
communities as well as in connected industries. In practice these possibilities have been 
limited in rural areas (where agriculture is often also reducing manpower) and in the 
absence of significant new economic developments (e.g. related to discovery of fossil 
oil resources). Redirecting employment and investments towards aquaculture has been 
often mentioned in the last three decades, with little real effect. Indeed, in Asia the 
development of aquaculture may have precipitated collapse through massive catch of 
trash feed to use as feed in aquaculture.

Redirecting the workforce is certainly a medium to long-term objective but it may 
have to be faced in case of rapid collapse and adoption of a moratorium. This was the 
case, and at high cost in Canada. In the short-term, usually, if the fishing activity is 
drastically reduced the people involved will have to look for alternative employment 
in the local environment, possibly in neighbouring fisheries already in tension or is 
other rural activities (very limited in the rural environment for a rather unmalleable 
workforce); emigrate to poor urban areas with the related problems; migrate abroad, 
including massively and illegally as seen in West Africa. The solutions are easier in rich 
nations with active development opportunities and/or effective social security safety 
nets (as in Canada) than in most developing nations.

Stock-enhancement and artificial habitats 

It has been shown that in some conditions, stocks productivity could be enhanced 
through (i) introduction of cultivated fingerlings to augment the natural production 
(salmon fisheries are a prime example); and (ii) construction of artificial habitats, e.g. 
artificial reefs and seaweeds forests (Vaughn and Scott, 1993; Lee and Midani, 2013).

We will leave out of this section the species introductions undertaken worldwide for 
aquaculture purposes. They demonstrated that, within controlled coastal environments, 
they work but also that escapes from controlled environments have led to numerous 
accidental transplantations in the wild with negative consequences for native species. 
 
Artificial habitats haven extensively used in some countries, but their effect on 
resources and ecosystems have remained unclear and controversial, even though these 
initiatives have generated substantial coastal economic activity, often subsidized. In any 
case, the response times are such that they might be carefully considered for long term 
alteration of ecosystem properties and productivity but probably less so for short-term 
restoration.
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Transplantation and acclimation

Moiseev (1971) discussed various ways that might be used to enhance oceans’ 
productivity, and which might therefore be thought about for restoring productivity 
of depleted grounds. Moiseev mentions successful examples such as: Atlantic shads 
in the Pacific coast of America; Humpback salmon and king crab in the Barents Sea; 
Steelhead trout and striped bass from USA to the Black Sea; Flatfish from North Sea 
to the Skagerrat and Kattegat to the benefit of Danish fishermen. 

Except for the king crab example, we do not know how long did the “successful 
introductions last” or what their consequences were. The introduction of the Nile 
Perch in Lake Victoria is both a modern example of successful introduction, significant 
ecological and economic consequences, and level of controversy that such introduction 
of alien species might generate. Nonetheless, the reintroduction of species which had 
been extirpated or too genetically impoverished could probably be considered as this 
is regularly done in terrestrial conservation. 

Species introductions to the marine system, unless justified by a total destruction and 
necessary reconversion of an ecosystem, has been recognized as non-precautionary in 
principle in the FAO guidelines for the precautionary approach (FAO 1996) and the 
expected advantage must be carefully weighed against its risk (Bartley and Minchin, 
1996) because such introductions are practically impossible to confine, will be 
irreversible, and may have more negative consequences than positive ones. 

Relative tools performance

The most appropriate tool kit depends on the species concerned and local conditions.

Caddy and Agnew (2004: Table 3) report on the success or failure of different 
instruments used for rebuilding (Table 10). The percentages of cases showing success in 
rebuilding are; 69 percent for reduction of fishing pressure; 66 percent for closed areas; 
and 56 percent for moratoria. All instruments combined, 73 percent of the rebuilding 
programmes produced positive outcomes. In addition, 4 percent of “successes” might 
be related to regime shifts. The result is confirmed by Worm et al. (2009) who looked 
at a series of instruments used for rebuilding, noting their effectiveness (from expert 
opinion) and frequency of used (in the sample analysed). The relation between the two 
criteria (Figure 43) indicates some relation between perceived effectiveness and use 
and the most effective (and most used) instruments are: gear regulations, closed areas 
(MPAs) and reduced capacity and removals. These authors also confirm that all cases 
in which serious effort was made to reduce fishing pressure showed positive outcomes.

TABLE10
Proportion of instruments resulting successful or not in rebuilding cases

Instruments
Successful?

YES % NO % ?

Reduced fishing 21 81% 5 19% 0

Closed areas 6 75% 2 25% 1

Moratorium 5 56% 4 44% 0

Technical measures 1 - 0 - 0

Regime shift 2 - 0 - 0

TOTAL 37 76% 11 24% 1

Based on Table 3 of Caddy and Agnew (2004)
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Not all the tools may be necessary in all cases and the toolbox must be tailored to the 
situation. For example:

1. If the stock is not actively overfished but fishing costs are too high to be 
sustainable, rebuilding the biomass may be the solution to improve economic 
viability. Fleet resizing, e.g. through market-based or State-driven buy-back 
schemes, are appropriate. Example: the Canadian Pacific Halibut fishery and the 
British Columbia sablefish fishery (in Munro; 2010);

2. The fleet is at the long-term right size (e.g. F=FMSY) but stocks are low (i.e. below 
B=BMSY for climatic or past overfishing or both). All efforts should be made to 
enhance rebuilding to raise productivity and production, e.g. reducing fishing 
effort; protecting old spawners and/or recruitment. Example: the Icelandic Cod 
fishery (Arnason, 1984);

3. Fleets are over-dimensioned, fishing pressure is too high, and are depleted well 
below optimal sizes. Both fleet reduction and stock rebuilding enhancements are 
needed. Example: the Arafura Sea shrimp fishery in Indonesia (Purwanto, 2008 in 
Munro 2010).

All the actions and instruments mentioned above are similar whether the depleted 
stock is a target stock (to be rebuilt at least at its MSY biomass level) or an associated 
or dependent species, i.e. a non-target species, affected through bycatch and other 
collateral impact to be rebuilt above the level at which their reproduction is threatened. 
The additional problems with the latter category, however is that the species concerned 
are given much less attention than the target species and hence their risk of being 
dangerously depleted may not be detected early enough to avoid breaching minimum 
conservation standards (Myers and Mertz, 1998). Even if their depletion was detected 
in time, the knowledge available on their biology might not be sufficient to design 
effective strategies, their low economic value (lacking a market) may impede the 
adoption of effective but costly protection measures, particularly if these measures 
affect the viability of more valuable target fisheries (i.e. “choke species”116).  

116  Choke species are secondary or bycatch species that lead to closure of the primary fisheries in which they 
are accidentally caught when their total allowable catch is reached.  

FIGURE 43
Relationship between the frequency of use of rebuilding 

instruments and their effectiveness score (from expert opinion)

 Data from Worm et al., 2009: Table 1
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8.3 PERFORMANCE ASSESSMENT PROCESS

Performance assessment should be an integral and recurrent part of a rebuilding 
implementation plan. In a complex social-ecological fishery system, performance must 
be ensured in relation to both ecological and human sub-systems with their complex 
multiple dimensions (cf. Chapters 3  and  4). It could be undertaken at three different 
moments of the rebuilding process: (i) ex-ante, to compare the theoretical efficiency 
of different alternative rebuilding strategies, by simulation, e.g. using a Management 
Strategy Evaluation (MSE) (Section 7.5.6); (ii) During the implementation, recurrently, 
e.g. analyzing the evolution of outcomes in comparison to interim targets, as part 
of adaptive management117. A misfit between progress observed and expectations 
may indicate errors in the operational model used for MSE projections and/or that 
driving factors have been ignored or their role has been underestimated. There may 
therefore be a need to re-assess the rebuilding strategy and revise the decision rule (cf. 
the “tuning” loop on Figure 35). or (iii) ex-post to draw lessons to be used in other 
rebuilding initiatives. The performance assessment depends significantly on the quality 
of the plan (e.g. the clarity of objectives and targets against which outcomes could 
be measured), the quality of the monitoring and the information collected, and the 
assessment capacity available.  

Constant monitoring and quasi-real-time assessments are essential to assess progress 
or failure, avoid additional surprises, and fine-tune the implementation. Recurrent 
assessments (less burdensome that the initial integrated assessment) will help monitoring 
the evolution. Mechanism should be in place to communicate rapidly the assessment 
results and issues to stakeholders and to make decisions without delay in case of 
unexpected events or results. ow and report on progress towards rebuilding targets or 
otherwise. 

A standard performance assessment of a rebuilding initiative would look at the 
quality of all the ingredients of the Plan and its implementation listed in Section 8.1, 
briefly: (i) Legal and policy frames, to judge its alignment with commitments and 
policies; (ii) The specific institutional set-up for adequacy; (iii) The limits and targets, 
although these may be largely imposed by the policy118, and related indicators; (iv) 
the constraints, to appreciate the level of precaution and the possible role of external 
factors on the outcomes; (v) The action taken and selection and use of instruments; 
(vi) The means deployed, judging their sufficiency and efficiency; (vii) The decision-
support information collected, for completeness and accuracy; (viii) The MCS system 
for effectiveness; (ix) The communication strategy (getting the views of the recipient 
stakeholders) and (ix) The different outcomes obtained and their relation with those 
requested by the law and the policy and specified as expected in the strategy.

The ex-post performance assessment should assess also the effectiveness of the 
recurrent performance assessment during the process and the response given by the 
management to such assessments (i.e. the adaptive capacity). It is therefore advisable to 
not use the same personnel for the recurrent assessment and the final audit. 

Because situations and context change during implementation, simulating a 
counterfactual scenario would be useful to figure out, at least in theory, what might 
have happened if the plan would not have been implemented. Such a business-as-usual 
strategy is usually examined in the ex-ante assessment but would be usefully repeated at 

117  An example can be found in Punt and Ralston (2007) for stocks of Rockfish (Sebastes spp. and 
Sebastolobus spp.) managed by the Pacific Fishery Management Council).

118  The assessment of the implementation, may have implications for the policy, not only the strategy
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the end of the initiative, accounting for the real evolution of contextual drivers, which 
have also affected the evolution and end state of the resources and the communities. 

As the action of the various tools used simultaneously is compounded (and affected 
by contextual changes) an analytical and empirical ex-post assessment of the individual 
performance of each rebuilding tool is an impossible task. 

The inherent complexity of the resources system and value chain, the limited 
information usually available on its functioning, and the lack of experience in collapse 
situations represent significant challenges for rebuilding. The information available on 
their functioning is never complete, and their reactions to management measures and 
other (uncontrolled) drivers are not entirely predictable. In addition, the adjustments 
of the resources, the fleets and the value chain to rebuilding actions are far from 
instantaneous. Reactivity differs between stocks and is affected by external drivers. 
Prices react to the level of landings as well as market demand. Fleets strategies may 
change to cope with changes in abundance and price, modifying costs and revenues. 
Costs are usually rapidly felt but benefits along the value chain will be delayed, 
building up until some equilibrium is reached. In addition, rebuilding strategies are 
implemented in a multi-dimensional context affecting their performance which is likely 
to change during the rebuilding process. Finally, many tools and measures are usually 
employed at the same time in a rebuilding programme. 

The consequences are that: (i) a complete ex-post assessment of the costs and benefits 
of a rebuilding programme requires the time needed for all the inter-connected and 
cascading effects on biomass, age-structure, reproductive capacity, market and prices, 
employment, etc., to emerge; (ii) it is difficult to separate the impact of the measures 
from that of the climatic, social and ecological drivers; and (iii) it may be impossible to 
assess separately the impact of different tools and measures used together. 

Fortunately, the general factors of unsustainability of fisheries (e.g. in Maguire, 2015) 
which will a fortiori reduce the efficiency of rebuilding programmes, are known. 
They include, in some priority order: (i) Lack or inadequacy of governance and 
inappropriate incentives; (ii) Lack of secure rights; (iii) Insufficient knowledge and 
implementation capacity; (iv) Inadequate balance between the different dimensions of 
sustainability (including equity); (v) Lack of political will at central and local level; and 
(6) Poor implementation of international instruments. More contextual factors include 
a high demand for limited resources; poverty and lack of alternatives to fishing; and 
negative interactions of the fishery sector with other sectors and the environment. 
Again, however, the separate impact of these factors –acting usually together– are not 
easily measurable.  

In addition, factors of inefficiency in rebuilding programmes may stem from poor 
implementation, e.g. in no priority order: (i) Insufficient foresight and preparation (the 
surprise effect); (ii) Unclear or too narrow definition of objectives and scope of the 
rebuilding regime (e.g. from stocks to assemblages, fleets, fishing grounds, sub-sector); 
(iii) Disagreement on the starting and end points of the regime, resulting in non-
cooperative behaviour; (iv) Inadequate rebuilding pathways (strategies and trajectories) 
if politics interfere with bio-economy and ecology; (v) Too slow implementation with 
the view to reduce impact on fishers; (vi) Incomplete set of measures to address all 
interacting drivers; (vii) Insufficient scientific capacity for monitoring and analyses; 
(viii) Inappropriate sector and management structures (e.g. lack of adaptability);  and 
(ix) Weak political leadership (Glantz and Thompson, 1981; Csirke and Sharp, 1984; 
Rice et al., 2003; Caddy and Agnew, 2004; Wakeford et al., 2007; OECD, 2012). 
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Many statistics could be used to summarize and assess the performance of a management 
strategy. Punt and Ralston (2007) proposed: 

1. Rebuilding [Time] Ratio: the ratio between the number of years it took effectively 
to rebuild the stock and those foreseen in the initial plan- If the ratio is above 1, 
rebuilding was than expected or the MSE parameters used were inadequate; 

2. Catch variability (AAV) during the rebuilding process, defined as:

where Cy is the catch during year y.

3. Average short-term catch: the average catch during the first 10 years of the 
rebuilding period; 

4. Average long-term catch: the average catch during whole rebuilding period;

5. Rebuilding Plan stability: the number of times the plan needed to be re-tuned or 
revised (changing the mandatory rebuilding time), a measure of administrative 
and adaptation costs; and

6. Simplicity: because of the need for transparency and clarity a simple set of rules 
will always be preferred to a complicated one.

Applying this performance appraisal framework to rockfish stocks in the North 
Pacific, Punt and Ralston (2007) concluded that adaptive rebuilding rules (that they 
call Rebuilding Revision Rules) perform better than more fixed (Fire-and-Forget) 
rules. They also conclude that the past rebuilding practice of the Pacific Fisheries 
Management Council (PFMC) was leading high inter-annual variation in catches and 
frequent changes to the Rebuilding Plan adjusting the parameters every time new data 
become available. This made the management strategy very susceptible to follow noise 
rather than signal (hyper-reactive and costlier strategy).

8.4 TAKE-HOME MESSAGES

Planning the implementation of the strategy is a crucial stage of a rebuilding process, 
following on the higher-level phases of policy and strategy development, and preparing 
the action in the field by all the actors concerned.

The rebuilding plan is a transparent road map of the rebuilding process and an 
operational translation and explanation of the strategy, identifying: (i) The specific 
domain of competence (e.g. areas, species, fisheries): (ii) The legitimizing legal and 
policy frames of reference; (iii) The institutional set-up including oversight, appeal 
and conflict-resolution mechanisms; (iv) Overarching policy goals and management 
objectives; (v) Specific rebuilding regime limits and targets, indicators and milestones; 
(vi) Mandatory constraints and identified threats to the process; (vii) The actions 
and measures which precisely define the rebuilding fishing regime; (viii) The various 
means of implementation secured and  the ways to use them; (ix) Decision-support 
information to be submitted, including automatic information systems; (x) Monitoring 
and enforcement systems, processes and penalties; (xi) Recurrent performance appraisal 
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and (xii) The opportunities and process foreseen to revise the Plan if needed to improve 
progress; and the communication strategy. 

The rebuilding plan is not very different in structure and content from an ordinary 
management plan, but it has harder requirements, can only afford low tolerance levels, 
and is applied in a difficult context of resources depletion and stressed sector in which 
errors are more consequential. It must therefore be more reactive. Central issues relate 
to: participation; risk reduction; impacts on traditional assets; multiple stakeholders’ 
perceptions; interactions between species, fleets, and fisheries; perverse incentives; need 
for alternative livelihoods and Integrated Conservation and Development Projects 
(ICDPs).

The rebuilding tool box contains all the conventional and non-conventional used for 
fisheries management (including EAF) and no “special” rebuilding tools have been 
imagined. Simply, the tools in place are used more intensively to significantly reduce 
fishing impact, with zero-tolerance, and more tools are used simultaneously (combining 
“belt and braces”) to ensure greater probability of rebuilding. The purpose of these 
instruments is to (i) Modify the depletion drivers when feasible, e.g. overcapacity, 
overfishing and inadequate fishing patterns; or (ii) Correct depletion outcomes e.g. on 
spawning biomass, stock structure, trophic chain and habitats.  

Rebuilding instruments include therefore input-output controls, technical measures 
(gear and spatio-temporal regulations), tenure regulations (user rights), economic 
incentives and market-based instruments. Less conventional instruments such as stock 
enhancement (used mainly for amphidromous species), artificial reefs (providing 
habitats or defence against IUU trawling), transplantation or acclimation might be 
considered in theory but their efficiency for purely marine species and habitats is not 
well established.  

The most appropriate tool kit depends on the species concerned and local conditions. 
The most important tools remain those reducing directly and significantly the fishing 
pressure and efficiently protecting critical habitats when they are an issue.

The role of Monitoring and Evaluation (M & E), performance assessment and adaptive 
mechanisms in rebuilding plans cannot be overstated. Considering the risks, the costs, 
and the uncertainty, quasi-real-time observations and assessment would be preferable 
(funds permitting) to assess ongoing progress, avoid additional surprises, and fine-tune 
the implementation assessments

Performance assessment should be an integral and recurrent part of a rebuilding plan. 
In a complex social-ecological fishery system, performance must be ensured in relation 
to both ecological and human sub-systems with their complex multiple dimensions (cf. 
Chapters 3 and 4). 

Performance can be examined ex-ante to compare potential alternative rebuilding 
strategies, during the rebuilding process to adjust the strategy as needed, and ex-post to 
draw overall lessons on the value of the strategy and its implementation. For the last 
two, monitoring is essential.

The performance evaluation process looks at all the ingredients of the rebuilding plan 
listed in the preceding chapter. The assessment may be based on a comparison of: (i) 
Simulated and required outcomes (e.g. in ex-ante assessment); (ii) ; Emerging and 
expected outcomes (during implementation); (iii) Final outcomes with expected ones, 
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in ex-post assessment. An assessment against a counterfactual scenario, e.g. simulated or 
observed outcome compared to those that would have been obtained with no change 
in past behaviour (Business-as-usual scenario) to better appreciate the outcomes in 
dynamic contexts.

Because of their compounded effects and the perturbating role of external drivers, it 
is not possible to assess separately the performance of rebuilding instruments used 
together. Similarly, the complexity of social-ecological systems, the existence of 
teleconnections and delays in response to stimuli makes ir complicated if not impossible 
to assess empirically whether the action taken was fully or partly responsible for the 
outcomes.
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9. Determinants of success in 
rebuilding

In the preceding chapters we have seen that success or failure of rebuilding may depend 
on a number of factors such as: (1) Biological factors, e.g. intrinsic characteristics of 
the population and species interactions; (2) Environmental factors, e.g. chronic coastal 
environmental degradation (including of critical habitats) or existence of natural 
oscillations in productivity will influence reproduction and survival of young life-
cycle stages and hence recruitment into the depleted stock; (3) Economic factors e.g. 
factors that condition the ability of fishers to stand the rebuilding regime stress or to 
find alternative livelihoods during the rebuilding period or for ever; compensation 
mechanisms and social safety nets; economic and market globalisation drivers of 
depletion and rebuilding as well as determinants of equity or discrimination, and 
conflict (e.g. McCay and Finlayson, 1995); (iv) Social factors such as organisation, 
social cohesion, and systems of values that may work for or against the rebuilding 
process, facilitating compliance or illegal behaviour; and (v) Governance factors which 
by creating or not an enabling environment for the application of the law and the 
implementation of the policy contribute very significantly to the success or failure or 
rebuilding initiatives.

These factors are considered usually at the level of stock and fishery directly concerned 
by the rebuilding process but, at a higher level (e.g. national or regional level), they may 
significantly affect the shape the strategy may take, the way it may be implemented and 
the outcome. They are looked in more detail in the following sections.

9.1 BIOLOGICAL FACTORS

The following biological factors have been identified in the literature as conditioning 
the natural system response to fishing pressure and rebuilding strategies. An account 
of biological performance factors in rebuilding gadoid fisheries is given by Koster et 
al. (2014) (Box 1) and some of these and other factors are looked in more detail below.

Box 1
Recovery factors in gadoid fisheries 

from Koster et al., 2014

Looking at many cases of successful and failed rebuilding the 2014 ICES Symposium 
on Cod rebuilding addressed themes which are central to all rebuilding strategies in 
general in the: (i) the effects of life history on productivity and stock rebuilding; (ii) the 
ghost of fishing past: effects of fishing on recovery potential; (iii) the potential impact 
of climate change on stock rebuilding; (iv) the role of species community ecology on 
stock rebuilding, particularly the effects of predators, preys and competitors; and (vi) 
revisiting the relation between stock assessment and fisheries management. 

1. Factors ranking: Factors involved in the collapse (e.g. fishery and environment) 
may rank differently in the collpase rebuilding process (asymmetry). (e.g. Humbold 
giant squid and Chilean hake);

2. Environment: stock productivity, collapse and rebuilding are significantly affected 
by climatic and nutritional conditions; Climate change-driven impacts must be 
expected to add on and modify impacts described above, complicating identification 
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Population traits

It has been shown that biological characteristics and life histories of populations 
affect their susceptibility (probability to be negatively impacted by a fishery) and 
their productivity (capacity to recover from depletion). Together, susceptibility and 
productivity determine the vulnerability of a population to fishing and its resilience 
(or capacity to rebound) when the pressure is reduced (Hutchings and Reynolds, 2004; 
Milazzo, 2012; see also Figure 27). It has also been shown that rebuilding the complete 
life-cycle, age composition, stock structure (and metapopulations), spatial distribution, 
and ecosystem functions of a stock before re-opening fishery, might take a more longer 
time than just rebuilding enough biomass (Hammer et al., 2010). 

It is common in fisheries management to assume that slow-growth, long-lived species 
with late maturity and low fecundity will be easier to collapse and harder to rebuild 
than short-lived opportunistic small pelagic species (Wakeford et al., 2007; Costello et 
al., 2012). This was confirmed by Hutchins (2000) who concludes that clupeids –most 
of which had recovered 5 years after a major collapse) have a much higher potential for 
recovery than groundfish stocks. However, Myers et al. (1999) looking at maximum 
reproductive rates, showed that high fecundity of marine fish did not protect them 
from collapse. It has been shown, in fact, that small pelagic stocks collapse more 
frequently than long-lived ones (perhaps because they respond more to bottom-up 
environmental controls) and that high fecundity has no influence on recovery potential 
(Dulvy et al., 2003; Hutchings and Reynolds, 2004; Hutchins and Kuparinen; 2014). 

causal relationships and previsions of stock recovery, changing recovery performance 
over time. Climate change complicates the prevision of rebuilding effects/trajectories. 
The latter will differ between populations that may expand Northward and 
populations that may not do so, for local reasons (e.g. Northeast vs Northwest cod 
stocks) 

3. Life history characteristics: Growth, reproduction and mortality tend to be 
correlated. Early-maturing stocks show high population growth but high early 
mortality rates and may not recover necessarily faster than late-maturing stocks; 
Fishing impacts on population traits affect probability of stock recovery. The 
greater the reduction, the greater the vulnerability to environmental change, the 
greater the uncertainty of recovery. In addition, predation-driven Allee effects can 
be manifest in some depleted populations; Fishery-induced effects may be positive 
or negative for rebuilding. Paradoxically, fishery-induced change in growth and 
maturation may increase resilience of the population to fishing but also accelerate 
their response (positive or negative) to environmental change. Natural increases in 
natural mortality tend to have the same effect as increased fishing mortality.

4. Stock structure (e.g. sub-populations), complexity and space-dynamics influence 
resilience and uncertainty in that respect influence rebuilding success or failure 
(through mismatch of rebuilding measures). This raises the issue of within-stock 
diversity as a goal in rebuilding.

5. Species interactions (predator-prey, competition) may limit or enhance rebuilding; 
impaired growth and reproduction; increased cannibalism; “predatory pits”: 
uncertain natural mortality rates. Top-down and bottom-up control influence 
outcomes (e.g. grey seals predation preventing cod and white hake recovery 
in Canada; Giant Humbold squid impeding Chilean hake recovery). Density-
dependent mechanisms, including cannibalism, may affect rebuilding (Chilean 
hake). These relations may be affected by climate-induced distribution changes of 
predators and preys as well as feeding conditions. Importance of trophic cascades 
in both depletion and rebuilding processes;

6. Specific measures: Rebuilding success tends to relate to introduction of new specific 
management measures reinforced by favourable changes in environmental conditions. 
Uncertainty in recovery increases with environmentally-induced recruitment variability.
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Population traits that are believed to affect rebuilding performance (as summarized 
by Hutchings and Reynolds, 2004 and Milazzo, 2012) are: (1) Low growth and 
productivity, perhaps influenced by environmental factors; (2) Genetically determined 
growth rate differentials; (3) Low average age (or weight at age) and low size of 
spawning stock; (4) Low maternal age and size, and poor viability of eggs; (5) High 
recruitment variability; (6) Poor survival of fingerlings; (7) Early age/small size at 
maturity; (8) Mating and sexual selection highly dependent on stock-size; (9) Decline 
in population preys of increase in its predators; significant and irreversible declines in 
the number of sub-populations. 

Population traits are apparently modified by intensive fishing pressure through 
evolutionary change. These changes may affect population traits such as growth 
speed and maximum size, as well as size- and age-at-maturity (Heino, 1998; Heino 
and Dieckmann, 2008). These changes tend to improve resilience of the impacted 
populations to the stressing factor (fisheries) as slow-growth and long-lived species 
accelerate their turn-over but they also, simultaneously, reduce resilience of these stocks 
to the environmental oscillations to which they were tuned-up through evolution. 
Engberg et al. (2009) distinguish two fishery-induced changes: (1) A phenotypic 
change in plastic population traits of individuals resulting fishery-related changes in 
the biotic environment, modifying inter-specific competition and other interactions, 
e.g. leading to faster growth and earlier maturation; and (2) A potential genetic change 
triggered by the new mortality regime. The second would be much slower to reverse 
than the first. Simulations indicate that evolutionary changes may emerge in few 
decades and take centuries to be reversed, often only partially. The evidence that these 
evolutions do occur is still limited, but concern has been repeatedly expressed that they 
might be responsible by hysteresis between depletion and recovery and apparent lack 
of rebuilding in some cases. Changes in population traits may slow down recovery, 
particularly if it is attempted during periods of unfavourable climatic conditions.

It is usually considered that the evolutionary impact of fishing is smaller than the 
direct impact of overfishing on populations traits (UNCOVER, 2010a). Whether these 
changes are reversible is not known. In any case, rebuilding the original phenotypic 
(and a fortiori genetic) population traits is likely to be extremely slow and certainly 
slower than rebuilding only biomass. Consequently, it has been suggested that 
recovering all these modified traits (which are part of biodiversity) should probably be 
a long-term goal of fisheries management but not a short-term goal defining rebuilding.

Stock structure 

The existence and ignorance or non-consideration of sub-populations in a resource can 
lead to loss of resilience (as the weakest sub-populations are depleted sequentially) and 
eventually to collapse and very uncertain recovery. The Canadian Cod was managed 
as one single stock when it consists of a number of subpopulations with different 
population parameters which were depleted to different degree when the overall 
collapse happened. The least depleted were rebuilt rather rapidly (within 5 years). The 
most depleted did not (Rice et al., 2003; Hauge et al. 2009). Sanchirico (2010) shows 
that the spatial structure of the stock in metapopulations with significant and different 
exchange rates opens opportunities to optimize rebuilding acting differentially on 
each patch. Results will be better than assuming all patches as independent. Whether 
we know of subpopulation but chose to ignore them or really ignore them makes no 
difference: outcomes will be less optimal than accounting for them. Efficiency will 
depend on degree of patchiness and interconnection between patches (same stock 
but part of the same life cycle; genetic exchange between separate subpopulations). 
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Moreover, if fishers know the patchiness and the differences and use that information 
to optimize their capture, ignoring the fact is likely to lead to significantly sub-optimal 
strategies, the patchier and more diversified the stock structure, the more unexpected 
the outcomes of fishing and management.  

In attempting to rebuild deep-depleted stocks, the consequences of ignoring 
subpopulations are probably exacerbated. The issue is particularly relevant when 
planning to use area-based measures (including no-take areas as reserves) as part of the 
rebuilding strategy as their efficiency will depend on their location among patches and 
their characteristics (Sanchirico, 2010; Smith et al., 2009; Sanchirico et al, 2010). 

The implication is that optimal rebuilding strategies will be those strategies that cover 
all the patches of the stock distribution or at least the most inter-connected ones. 

Depth of depletion 

The recovery depends on the degree of depletion reached when the rebuilding plan is put 
in place (Wakeford et al., 2007). Deep-depleted stocks may be affected by a depensation 
effect that will slow or impair recovery. The term “depensation” is mostly used in fisheries 
but is generally referred to in conservation science as Allee effect, (Allee 1931; Odum, 
1971: 207-208), positive density dependence, under-crowding, etc. (Courchamp et al, 
2008). The Allee effect is a causal positive relationship between the number of individuals 
in a population and their fitness. The more individuals there are (up to a point), the better 
they fare (Courchamp et al., 2008; Drake and Kramer, 2011). It is also defined as a negative 
compensation of per-capita growth rate at low population size (Hutchins and Kuparinen, 
2014). The Allee Effect is the positive relationship between any measurable component 
of individual fitness and population density tending to “over-reduce” reproductive 
capacity at small stock sizes (based on Drake and Kramer, 2011). Courchamp stresses 
that Allee effects may be linked to both population size (e.g. in numbers or biomass) and 
its density. Two or more Allee effects might be at work in a population. Paraphrasing 
Courchamp et al., the fewer (or more dispersed) the individuals in a population the worse 
they fare in terms of survival and reproduction. In depletion/rebuilding terms: deep-
depleted stock affected by depensation may show an accelerated collapse below a certain 
threshold (cascading effect) and may be hard to restore. The effect has been controversial 
in the ocean and fisheries. Easier to identify in terrestrial ecology and small experiments 
(including with fish) (Courchamp et al., 2008), it is difficult to demonstrate empirically 
in the ocean and still not generally considered in simulation models used for fisheries 
management. It is apparently more evident in sessile species such as abalone and Queen 
conch (Dulvy et al, 2003). Loss of the “Big Old Fat Fecund Females Fish” (BOFFFFs) 
may be one of the problems. Driving stocks below spawning density thresholds needed 
for successful mating or fertilization may be another. Walters and Kitchell (2001) refer to 
cultivation depensation as a phenomenon occurring when, depleting a predator species, 
results in increases in abundance of the preys it feeds upon, which are also predators (or 
competitors) of its own juveniles, hampering its own recruitment. 

Allee effects are of importance because they point to abundance and biomass levels 
below which collapse is very likely but they tend to be discovered only during the 
rebuilding process, with little warning signs.

9.2 ECOLOGICAL FACTORS  

The following ecological factors play an important role in stock rebuilding. Stocks 
sitting close to the ecological preferendum of the species –e.g. close to the centre of the 
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species distribution area– might be easier to rebuild than stocks located at the periphery 
of that area (Caddy and Agnew, 2004).

Environmental degradation

The Millennium Ecosystem Assessment (MEA, 2005) stressed the progressive 
environmental degradation of coastal areas due to urban development, coastal and 
land-based organic pollution (eutrophication) and chemical contamination (e.g. by 
Persistent Organic Pollutants and endocrine disrupters); modification of river outflow 
and regimes; and wetlands conversion and degradation of critical habitats (by fishing 
or other factors). The overall impact on productivity is unknown, but in many 
places, expecting to rebuilt resources to historical high levels has probably become 
unreasonable. It might be time to apply to fisheries the No Net Loss concept central 
to habitat conservation. 

Natural oscillations  

It has been known for more than a century that low frequency variations affect stocks 
productivity and resilience (see Section 7.5.5). These fluctuations will facilitate or 
impede recovery, depending on the driver concerned and whether they are in phase 
or out of phase with the initiative. Depletion reduces the number of year classes and 
aggravates stick variability increasing probability of collapse and reducing reversibility. 
Conversely, good year classes, concomitant with significant effort reductions are a 
factor of success (Wakeford et al., 2007). 

Stocks may naturally be either “stable”, or affected by low or high frequency cycles, 
or else affected by irregular or spasmodic variations (Spencer and Collie, 1977; Caddy 
and Agnew, 2004). Stocks that are stable (e.g. in steady state, with constant productivity 
parameters over time) are “well-behaved” and fisheries impact can be expected to be 
reasonably predictable and reversible when reversing fishing pressure trends, at least if 
they remain within reasonably safe abundance levels, away from potential depensation 
effects. Many stocks are affected by quasi-cyclical (oscillatory) variations that may 
be foreseen to some extent. Others, however, are irregular (varying randomly) or 
spasmodic, alternating sequences of high and low productivity without a clear pattern 
(Caddy and Gulland, 1983). They are “ill-behaved” in that their reaction to fishing or 
rebuilding measures cannot be accurately predicted. Overall, well-behaved stocks with 
stocks with steady, reliably predictable yields, appear to be the exception rather than 
the rule (Hilborn and Walters, 1992: 53) and this should be considered when designing 
rebuilding strategies, as a source of uncertainty. 

It is not always easy to differentiate between low-frequency oscillations in a stock 
or an ecosystem and alternative stable states e.g. between a high and a low level of 
productivity, i.e. between two states and a continuous oscillation. The difference is 
however fundamental as an oscillation is expected to reverse itself at some point while 
stable-states are more resilient and may be harder to reverse.

Species interactions

The interaction between species within a trophic web (predator-prey relationships, 
cannibalism, competition) have been discussed in Section 3.2. Because of these 
relations, rebuilding outcomes may generate trophic cascades across the food chain, 
affecting other species not directly involved in the rebuilding process, affecting it 
ultimate outcome. Such trophic interactions lead to different, but mostly slower, 
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recovery rates compared to single species predictions (UNCOVER, 2010a). Similarly, 
competition between the species to recover and other species in the system, for food 
or space, may condition rebuilding outcomes. Keystone species (often ignored before 
the problems occur) may be particularly important and their role may not be obvious 
until they are depleted.

For these reasons, it is illogical to expect to recover both the stocks or high value 
predators and the stocks of their preys in an ecosystem. In a global analysis of fisheries 
resources depletion and potential rebuilding, Garcia and Newton (1997) had stressed 
this fact, indicating that while an increase in sizes of individuals and catch value should 
be expected from a global reform of fisheries, a net increase of total world catch 
remained uncertain. The same argument has recently been made in relation to fisheries 
management in China (Szuwalski, 2016; Cao et al., 2017). 

9.3 ECONOMIC FACTORS

In an economic activity, economic and social factors are obviously important, but 
they have been often neglected in management systems dealing essentially with the 
biological parameters of the fisheries. There are even more reasons in develop an 
economic perspective of fisheries rebuilding because the human dimensions and trade-
offs (OECD, 2010) of the various potential rebuilding pathways are very consequential. 
Munro (2010) and Costello et al. (2012) stress that the rebuilding performance does 
not depend only on the biological characteristics of the species but also on fishery 
regulations (size and species selectivity), harvest parameters (catchability and mortality) 
and economics (costs, prices) which interact and are confounded with the biological 
features in determining the optimal rebuilding policy. 

The elements conditioning the economic performance of a rebuilding programme (at 
stock/fishery) level are (mainly from Munro, 2010): 

•	 Price and the relation between price and size of the landings (supply-demand 
elasticity);

•	 Discount rates (above 10 percent, there is no economic advantage at rebuilding 
rapidly and the slowest possible strategy is the optimal one in terms of Net Present 
Value (NPV);

•	 The rebuilding time, if it is legally mandated, independent of the situation, as in 
the US;

•	 The catchability, related to the technological characteristics of the fishery. It may 
increase or decrease as the stock rebuilds, changing the production function; and 

•	 Marginal cost of rebuilding if not constant;

•	 Other factors include: (i) (the relative malleability of the technological investments 
which affects the marginal cost of rebuilding; (ii) the cost of rebuilding infrastructure 
if it is damaged by the strategy (e.g. by a protracted moratorium); (iii) the loss of 
the market, for the same reason; (iv) multispecies and multi-fleet interactions; (v) 
future productivity (due to climatic variables); (vi) the opportunity cost of people 
having to change occupation or move away to other areas/resources; and (vii) the 
eventual cost to society of collapse of the social structure sustained by the fishery 
and sustaining it.
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The optimal rebuilding strategy, that would produce the highest NPV depends on 
the combination of these factors in any rebuilding case.  Other elements that would 
enhance the economic performance of a rebuilding strategy are discussed briefly in the 
following sub-sections (based mainly on OECD 2010; 2012: 68-70).

Early integration of economic consideration

An early consideration of economic implications is a positive factor to foster 
stakeholders’ collaboration and reduce their resistance to change. This requires putting 
economic efficiency as one of the design and evaluation criteria of the rebuilding 
strategy. It also requires addressing directly the economic stakes of stakeholders, 
rebuilding costs and benefits in the short and long term, and their likely distributions, 
as well as eventual compensations. It should be stressed that the rebuilding of stocks 
may lead to increase landings but not automatically raise profits (e.g. on Baltic cod in 
Sweden). Conversely, rents may increase because of capacity reduction, even without 
effective rebuilding (e.g. Baltic cod in Denmark). 

Investing in rebuilding

Rebuilding could usefully be considered as an investment aimed at increasing natural 
capital (Munro, 2010). The decision on whether a fast or slow rebuilding is optimal 
relates to investment rate, dynamic returns and discount rate. If investments come from 
the sector, fishing rights will be required to ensure that investors are paid back. If bank 
lawns are needed, the bank become the owners of the resources for some time. If they 
come from outside private investors, attention will be needed on expected returns on 
investment and potential raids on fishing rights. Some subsidies might be used if they 
do not counter the efforts to curtail fishing mortality.

Economic uncertainty and financial risk

Economic uncertainty and risk are de facto considerations in an investment plan even 
though they are not an exclusivity of the economic sphere. Beyond the risk that affect 
any business, rebuilding involves a certain level of uncertainty regarding whether and 
at what speed rebuilding will happen (and expected benefits accrue), affecting the 
outcome of any cost/benefit analysis. Simulations on this subject (e.g. In Sumaila et 
al., 2012; Costello et al, 2016; Hilborn and Costello, 2017) assume smooth rebuilding, 
disregarding by necessity species interactions (predator-prey relations), risk of 
depensation (Section 3.1.3) and climatic oscillations. Considering that people do not 
like surprises, and frustrated over-expectations may lead to substantial turmoil, it is 
important to identify the sources of uncertainty, foresee their potential consequences 
and inform the people concerned very transparently. In present institutional set-ups, 
the State is usually expected to shoulder these risk (private insurances do not do it as 
far as we know). 

Distributional issues

The distribution or redistribution of costs and benefits of any management reform 
is a divisive issue with significant consequences on people’s buy-in and compliance. 
Achieving equity is not always easy and requires intense consultations to reach 
consensus. The solutions may be complex when multiple stocks with different 
recuperation speeds, exploited by overlapping fleets are rebuilt together, or else, if the 
measures applied to one rebuilding fishery have consequences on catch opportunities 
of other fleets with no rebuilding problems (e.g. in the case of choke species). This 
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would lead to conflict of interest and lack of cooperation, particularly if the rebuilding 
of the depleted species increases the problem with that species (as choke species) in the 
other fleets increasing management costs and regulatory complexity (OECD, 2010).

If fishing rights are introduced, attention should be paid to the potential effects of 
quotas redistribution between large companies and small ones. Limiting transferability 
between the two groups may help resolve fears of “predatory” behaviour by speculative 
investors.

Incentives

Neutral incentives (that do not generate overcapacity) are potentially useful to assist 
vulnerable communities through the rebuilding transition). They include safety nets, 
training, income-generating activities, etc. The existence or introduction of fishing 
rights (e.g. ITQs) as economic incentives, usually promoted to capture rents have also 
been useful to get fishers buy-in and rebuild fisheries on the brink of collapse as shown 
in New Zealand, Iceland and Canada (OECD, 2012; 68-69).

Other considerations

Additional voluntary measures may foster effectiveness. Incentives might be provided 
to those fishers self-imposing regulations (e.g. decommissioning of subsidies for 
unused vessels; low interest rate loans; additional scientific research). Continuation of 
the limited entry scheme after the rebuilding (no additional entry after rebuilding!!) 
ensure that benefits, even though uncertain, are borne by the same that bore the costs 
(Nakanishi and Sugiyama, 2002).

Evolution of the market (demand and prices) during collapse may impair the fishery 
economic performance during rebuilding and after it, if the market has collapsed 
and does not recover. In Japan, in the case of the successful sailfin sandfish recovery, 
benefits were short-lived, negatively affected by market glut (as a result of rebuilding) 
as well as competitive sources of supply developed during the moratorium, from Japan 
and Korea (Nakanishi and Sugiyama, 2002). A similar problem with decreasing market 
prices was noted also in Japan in the rebuilding of the Hokkaido chum Salmon because 
of the competition with cultured salmon.

Bio-ecological and socio-economic factors can interact, complicating the forecast of 
the outcome of rebuilding initiatives. Agar and Sutinen (2004), cited by Larkin et 
al. (2011), analyzing alternative rebuilding strategies for multispecies fisheries, and 
accounting for predator-prey relationships, found that calculated rebuilding outcomes 
vary considerably with the type of fishing technology employed and the presence of 
cost and biological interactions. The latter drastically increased the ambiguity of the 
outcome, and different combinations of interactions and technologies were found to 
further deplete the stock rather than rebuilding it. They concluded that the failure 
to consider such interdependencies may negatively affect rebuilding outcomes. As 
most global bioeconomic analyses of fisheries rebuilding do not account for species 
interactions, their conclusion need to be taken with “a bit of salt”. 

Fisheries complexity. Multiple fleets, multiple gear and multispecies fisheries are 
particularly complex to assess and manage. From a species assemblage and ecosystem 
points of view (e.g. at the scale of an EEZ, the North Sea or the South China sea) 
practically all fisheries are multispecies/multigear/multi-fleet/. Whether disregarding 
this reality will seriously affect an economic analysis depends on local conditions. 
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For example, rebuilding a stock of a predator may have a cost for a neighbouring 
fishery exploiting the prey (externality). Conversely, rebuilding a stock of a prey, if 
successful, may have windfall benefits for a neighbouring fishery on its predator. The 
issue of “choke species”119 and the possible interruption of fishing on a valuable target 
species because the TAC of an unwanted bycatch species has been reached is a serious 
complication (OECD, 2010; 2012).  

9.4  SOCIAL FACTORS

The depletion and collapse of a fishery is a human tragedy as much as an environmental 
one and the human dimensions of rebuilding are certainly very important for its success 
or failure. Factors identified include (Wakeford et al., 2007; OECD, 2012:68-70):

•	 Rapid consideration of human impacts. Social dimensions are as important as 
economic ones, particularly and not only in poor coastal communities. They 
should be integrated in the rebuilding strategy from the onset to accelerate buy-in 
and improve chances of success. Problems regarding livelihoods and revenues must 
be on the forefront, even though the priority should be to rebuild resources; 

•	 Equity: attention should be paid to allocation and/or redistribution of costs and 
benefits in the rebuilding strategy, identifying losers and winners and considering 
compensation. In that respect, undertaking a formal social analysis of the situation 
and of rebuilding impacts and designing adapted compensation packages are key 
to successful participation;

•	 Inclusiveness: stakeholders’ collaboration is important at all stages of the rebuilding 
process, from the onset, in designing the plan and selecting measures, as well as 
in implementation. Involvement of stakeholders in pilot demonstrations of the 
proposed measures’ efficiency may be important to unlock resistance in front of 
unusual measures;

•	 Education and communication improve understanding and buy-in. Associated 
with the proper set of incentive, they contribute to success. Communication of 
progress in quasi-real time is important to maintain momentum.

9.5  GOVERNANCE FACTORS

The difficulties inherent to fishery management, in general, are most often considered 
as stemming from inadequate governance and this issue is to a large extent underlying 
the depletion problem (see for example FAO, 2003; Cochrane and Garcia, 2009; 
Grafton et al, 2010). Good governance principles apply in rebuilding even more that 
they do in normal management: (1) Legitimacy and voice (participation, consensus); 
(2) Direction (strategic vision); (3) Performance (responsiveness, effectiveness and 
efficiency); (4) Accountability (transparency); and (5) Fairness (equity and rule of law) 
(UNDP. 1997: Graham et al., 2003). 

The OECD (2012) presented several rebuilding case-studies and reached a number of 
conclusions regarding governance-related factors that can improve/reduce performance 
of rebuilding plans: (1) Monitoring rebuilding progress that improves transparency 
and visibility of benefits; (2) Legislation and regulations which provide foundations; 

119  This cost could be minimized if fishery strategies can be adopted to minimize the catch of the choke 
species will aiming at the target (optimizing selectivity)
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(3) Policies and guidelines that provide direction; (4) Coherence across legislative 
and policy frames used (when more than one); (5) Well-defined action triggers which 
build stakeholders’ understanding and trust;  (6) Clear post-rebuilding strategies 
which provides certainty to stakeholders and improve performance; (7) Stakeholder 
involvement from the onset which improves buy-in; (8) Transition mechanisms to 
reduce stress on communities are also important to obtain and maintain support; (9) 
The distribution of costs and benefits is a major challenge: equity and compensations 
are important; and (10) Early consideration of economic factors increase probability 
of success.

The following governance factors have a strong impact on rebuilding performance 
factors and, altogether underscore the central importance of a high-quality rebuilding 
plan (Hammer et al., 2010). A fundamental and sometimes forgotten aspect of that 
Plan is the development of a precautionary management regime, to be used after the 
rebuilding regime to avoid sliding back, building on the lessons learned during the 
collapse and rebuilding processes.

A clear legal framework

It is important to have access to a clear and coherent legal frame in which fisheries and 
conservation laws are articulated and the eventual special legal aspects of the rebuilding 
regime are clearly established. The most important measures could be enshrined in 
law as non-discretionary. However, this may excessively rigidify the implementation 
system. Aspects of the rebuilding that require flexibility could be left under the 
mandate of the Fisheries Department. Voluntary measures could also be used.

Clear, legally defined and defensible use rights, allocated to communities or individuals, 
depending on the situation, are fundamental to reassure the actors facing significant 
costs and risk that they will indeed benefit from the expected improvements in the 
resources and the fisheries. 

Foresight, early diagnosis and warning 

Anticipation of negative events and reduction of their consequences are part of 
the precautionary approach which should be tailored to the stocks and fishery 
characteristics: single or multiple species; long-lived or short-lived; national or foreign; 
subsistence or commercial scale, etc. Multipurpose vessels, adaptive processing 
systems, and flexible management arrangements will facilitate rebuilding and allow 
efficient shifts between targets. 

Diagnosis of the problem should occur as soon as possible, facilitated by limit reference 
points and threshold reference points but also accounting for unavoidable uncertainty 
on the real state of the stock and the interferences by natural variability. The time 
between detection of unacceptable risk and rebuilding process start should be as short 
as possible. In theory, alternative strategies could be simulated to test their probabilities 
to achieve the expected outcomes (Punt et al., 2003; Porch et al., 2003). The results 
of these simulations depend to some extend on the knowledge on which they have 
been built and developing a comprehensive awareness of the context within which the 
fisheries develop is therefore a must. It helps developing previsions (foresight) if not 
accurate predictions.  
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Early diagnosis should also be rapidly followed by formal decision-making regarding 
the setting-up of a rebuilding regime and any procrastination about that decision may 
have much higher costs in the future (e.g. Rice, 2018; Froese and Quaas, 2012).

Clear rebuilding targets and maximum rebuilding time

Agreed rebuilding targets, preferably agreed in a participative process, are important 
to develop a properly dimensioned plan. Clear, agreed and reachable targets are also a 
way to ensure better buy-in by the communities concerned. The overall target might 
already be in the Harvest Control Rule e.g. in terms of a precautionary safe biological 
limit, but interim rebuilding targets might be needed for a better control of the process. 
A broad range of cross-coherent targets is needed to avoid leakage, concerning stock 
biomass and structure, but also fleet size, employment, etc. The starting and end points 
of the rebuilding regime must be clear and may be as controversial as the measures 
themselves. The related criteria are sometimes fixed in law.

Rebuilding targets need to be reached within a maximum rebuilding time which might 
be specified in law. However, a unique maximum allowable rebuilding time for all 
resources regardless of their parameters may not be economically optimal.  

Effective enforcement

This factor is central to any fishery management plan and was therefore not particularly 
discussed in the book. However, it should be stressed that with low resources 
abundance and resilience and stressed coastal fishing communities, the risk of non-
compliance is high. This risk will be reduced by effective participation and allocation 
of clear long-term use rights. For offshore resources of high value, the risk of IUU will 
be high and deterrent levels of enforcement and penalties will be needed.

Participation, learning and adaptive pathways 

Dealing with complex system with limited information requires an adaptive management 
defined as a systematic process for continually adjusting policies and practices by learning 
from the outcome of previously used policies and practices. Each management action is 
viewed as a scientific experiment designed to test hypotheses and probe the system as a 
way of learning about the system (http://www.resalliance.org/glossary). 

Obviously, experimenting with fish and human populations is rarely possible. 
Consequently, learning from earlier local experience (if collapses already happened) 
or experience in other areas for similar species, may be a good source of inspiration 
when designing an adaptive rebuilding strategy that can be adjusted as new and better 
information is actively generated. Active participation from the actors to the rebuilding 
process, ideally from the assessment to the implementation phases is recognized as 
essential for successful governance and part of the “good governance” best practices. 
It has been underlined in this respect that most successful rebuilding plans incorporate 
fishers into the scientific process (Kruse, 2009; Armitage et al., 2017).

An example of learning is provided by the North Sea herring (Simmonds, 2007) which 
went in a collapse trajectory twice, in the 1970s and 1990s. Precious time was spent in 
the 1970s case, arguing on the situation and what to do about it and a deep collapse 
occurred. In the 1990s, informed by the previous event, corrective action was decisively 
taken, avoiding deep collapse with significant gains in landings and values. McCay 
and Rudel (2012) also provide an example in the Gulf of Maine Lobster fishery in 
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which fishermen-led rebuilding strategies combined with local territorial and technical 
regulations, led to a sensational build-up of lobster stock abundance. These authors 
give also other examples of successful combination of fishing rights with rebuilding 
strategies in Mexico (Baja California, abalone and lobster).

Different pathways (or strategies and trajectories) may be available for any rebuilding 
process involving different measures applied at different stages in the process. They 
will have consequences costs and benefits overall as well as in their distribution across 
time and actors (winners and losers), requiring accompanying measures. Their formal 
identification and assessment is necessary. Trade-offs need to be faced, preferably in a 
transparent process of fully informed decision-making. Participation will be important 
to foster actors’ own innovative capacity and deep knowledge of their system. Because 
of the inherent uncertainty. 

The pathways need to be adaptive, e.g. have the capacity to be adjusted to performance 
or unexpected events. When data is limited at the beginning of the exercise, a preliminary 
pathway with interim decisions will help fast decision and can be improved as data 
flow in. Experimentation is obviously impossible, but the methodology developed 
in fisheries for Management Strategy Evaluation (MSE) (Section 7.5.6) and scenarios 
analyses would be very helpful for the selection process, using preliminary priors to be 
adjusted progressively.

To be fully operational, an adaptive approach requires some level of operational 
flexibility, allowing industry to adapt at least cost and contribute innovative capacity. 
This is particularly important in multi-species, multi-gear fisheries for which rebuilding 
pathways may be harder to predict exactly. It is also important to avoid perverse tinkering 
with the rebuilding plans as stocks are rebuilding and tensions between conservationists 
and socioeconomic arguments increase, e.g. calling for earlier than planned –or delayed– 
termination of the rebuilding regime, alteration of decision rules, etc. 

Legal frames are necessary but could be too rigid for the level of flexibility and 
adaptability needed. Finding the proper balance is important.

Clear and timely decisions, commensurate to risk 

There is a general agreement on the fact that rebuilding measure, especially effort 
reductions, should be rapidly in place and significant. Hannesson (2008), for example, 
has shown that the collapse of the Chile-Peru anchoveta in the 1970s gave a lesson, 
applied 25 years later, in mid 1990s, when another likely collapse was averted by 
curtailing immediately and significantly the fleet activity. Whether a collapse would 
have happened without this management action will remain a matter of conjecture, but 
the fact is that the governance system moved from a demonstrated costly risk-prone 
policy (with no previous experience) to a more risk-adverse one.

In the USA, rebuilding plans suffered from a long delay between the publication of the 
mandatory text calling for rebuilding and the effective reduction of fishing pressure 
Moreover, governance should be able to avoid tinkering with the rebuilding plan 
initially agreed, resisting to ad-hoc political pressures to change e.g.: the rebuilding 
target (BMSY, BMEY); the mandatory probability to reach it, and the mandatory 
maximum time frame of the programme (Wiedenmann and Mangel, 2006). Punt and 
Ralston (2007) proposed to develop rebuilding strategy Revision Rules formally pre-
agreed to reduce the risk of this happening.
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Containment and damage control should be put in place soonest possible to avoid 
aggravation of the situation, particularly on stocks in which catchability might increase 
exponentially as biomass decreased –a more widespread phenomenon than usually 
assumed. A significant, rapid reduction in fishing mortality through a management 
strategy including a rebuilding Harvest Control rule is usually deemed necessary or 
preferable to a progressive reduction, unless the social price of such reduction is too 
high to be supported. In case of poor communities, safety nets should be put in place 
rapidly as alternative livelihoods are rare in rural areas. Implementation must be even 
more error-free than ordinary management in a more uncertain context: a challenge! 
The rules must be clear and enforcement flawless. The implementation must be also 
responsive to the early warning put in place in the management dashboard. Actors’ 
cooperation is essential to reduce cost to the State. High quality monitoring is a key 
(see below).  

An effective legislative framework is fundamental for establishing deterrent penalties 
and a streamlined judicial process for fast conviction. Co-management systems might 
be most appropriate. Special regulations may often bee necessary, that will characterize 
the rebuilding regime and will cease to apply when the rebuilding phase is over. As 
mentioned above, legal frames should not impede sector’s flexibility to adapt. 

The measures and instruments discussed in Section 8.2 also need to be put in place as 
soon as depletion is reliably detected and, for many of them, even before, to avoid the 
problem. It is easier (and cheaper) to deal with a risk of collapse before it materializes 
than after (Costello et al., 2016) and, usually, the faster the response the better. Too 
early warnings may not be heard, as shown by the reluctance to apply a precautionary 
approach to fisheries development and management before crises make the need 
obvious. The signals to be watched should be an integral part of ordinary management, 
and in-built in the Harvest Control Rule, at least the triggers of the rebuilding process. 
Development of rebuilding approaches should obviously be tailored to the species 
concerned and environmental and socio-economic context. Selecting good recovery 
measures requires a good understanding of the (likely) causes of the collapse but the 
best rebuilding strategy may not be based only on the factors of decline (i.e. excessive 
fishing) but may include a number of measures to facilitate specific rebuilding factors 
(e.g. protected areas, stock enhancement, etc.). 

Accurate real-time monitoring and assessments 

Accurate real-time monitoring of the resources and fishery system (including 
assessments) is needed to allow an effective adaptation of the rebuilding regime to 
evolving situations. Ideally, the system should specify the precision of the population 
indicators (and reference values) required to effectively track recovery; limit changes 
to assessment methodologies during the plan to avoid undermining it; Aim for quasi 
real-time monitoring. If fishing is closed, use a sentinel fishery. Observers on board of 
a sufficient number of vessels would be useful. A discard ban would be precautionary. 
Collect background information on the environment (tracking oscillations; habitat 
quality). Check impact on human populations (Caddy and Agnew, 2004).

Ideally, the Harvest Control Rule would explicitly formalize flexibility (e.g. adjusting 
allowable catches to biomass increases or decreases). It might be necessary to 
incorporate environmental data or relationships into the assessments and decision rules 
and to improve the quality of data collected (e.g. on size structures, condition factors). 
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Assessments and related advice would benefit greatly from: (i) development of a quasi-
real time assessment process; (ii) improved knowledge on movements and inter-stock 
mixing; (iii) improved match between population structure and management units; 
(iv) use of adapted management strategy evaluations; (v) reduced uncertainty (more 
data) and better accounting of it (e.g. in HCRs); (vi) capacity and possibility to revisit 
reference points as climate changes; (vii) better consideration of social and economic 
implications, e.g. to develop least-cost adaptation strategies and improve compliance;  
(viii) active participation of the actors in the assessments;  and (ix) early development 
of post-rebuilding policies. The importance of quality MCS for the quality of the data 
and assessments cannot be overstated.

Structural reform

The theory of building and collapse of natural resources and institutions in charge 
of them has been well developed by Gunderson et al (1995). One implication is that 
when resources collapse, the crisis provokes an administrative crisis leading to reform, 
reorganisation of institutions, re-allocation of rights and responsibilities, revisions of 
norms, etc.  

Reforming the system in place for the specific fishery or the subsector may be necessary 
to facilitate rebuilding and avoid sliding back as rebuilding starts succeeding. It may 
be advisable to start putting in place the needed structural reform of the fishery or the 
broader sector with the rebuilding regime, including reorganisation of the institutions, 
in management (e.g. for improved participation, recurrent performance assessment, 
increased communication) and in the industry (e.g. to improve transports, marketing, 
and horizontal and vertical structure of the value chain). Special institutions might 
also be needed to resolve intra-sectoral conflicts that may emerge, e.g. in multi-species 
multiple fleet fisheries. A collapse may also be a golden opportunity to put in place 
a reform of the tenure system, through allocation of individual or community-based 
fishing rights.

As an example, in the Canadian cod collapse case, the Minister of Fisheries and Oceans 
created in 1993 the Fisheries Resources Conservation Council (FRCC) with scientists, 
academics, leaders of industry groups, and other experts outside the conventional 
Department of Fisheries and Oceans (DFO) which had lost legitimacy because of 
the collapse. The FRCC was given authority to evaluate resource assessments and to 
make recommendations on quotas and other measures to the Minister. In only two 
years, FRCC moved far more quickly and decisively, and with more legitimacy, than 
did DFO under the old system. In retrospect, however, it is felt that the collapse has 
been used by some stakeholders to re-structure the fishery to their advantage based 
on a “tragedy of the commons” cliché which had little to do with the collapse of the 
cod fishery which had been everything but an “unregulated open access fishery”. 
Reducing drastically the number of people supported by the fishery was not justified 
to solve problems caused in some potentially measurable part by government policies, 
corporate interests, international situations, and the errors and uncertainties of science 
(Charles, 1995; McCay and Finlayson, 1995). 

Communication and transparency

The Rebuilding Plan should be a public document. Communication with all stakeholders, 
about issues, objectives, measures, implementation guidelines, enforcement systems and 
penalties, appeal systems, safety nets, and about the ongoing situation and perspectives 
is essential at all stages of the process and particularly at the onset and towards the end 
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of it. Communication needs to be a two-way process allowing top-down regulation 
and guidance as well as bottom-up contributions to decisions and feed-back. Special 
efforts might be needed to develop appropriate media (e.g. using social networks).  

Strong leadership

Strong leadership at local and central level is fundamental. It is likely that important 
fishery crises will trigger major crises in leadership at a time where stable and 
competent leadership is needed. Culprits will be looked for (“witch hunting”). The 
quality science will be questioned. Government oppositions will storm. In the fishery-
science-administration triangle all will throw blame on all others not forgetting 
foreign fleets and climatic change. All “doctors”, biologists, ecologists, economists, 
sociologists, will come with disciplinary diagnosis that, no surprise, requires first a 
solution from within their discipline. All of them look for coming into, or remaining, 
“in power”, and developing strongly multidisciplinary and participative processes and 
solutions is a challenge. 

Failures in relation to too many of the points above will result in failure of the rebuilding 
process. Even the best governance system, however, will see its outcomes conditioned 
by unforgiving environmental, bioecological factors and external economic drivers 
(natural oscillations; species interaction and depensation phenomena; market forces).

Special moments are to be expected at the beginning of the process, when the strategy 
needs to be designed, and at its end, when the industry, tired by rebuilding efforts, starts 
exerting pressure to close the rebuilding regime and re-open the normal one. Capacity 
of the fishery management authority to move the “higher spheres” of government is 
crucial to mobilize the exceptional social and economic support the crisis needs.

International agreements

International agreements are necessary for the rebuilding of straddling and high-seas 
stocks and fisheries to avoid “international anarchy” (Young, 1989). The collapse of 
the Canadian cod painfully highlighted the confusion and inefficiencies in a context 
of distributed but overlapping responsibilities in different jurisdictions (McCay 
and Finlayson, 1995). Similar problems emerge in rebuilding processes, requiring 
a coherent international framework to give effect to the UNFSA “Principle of 
Compatibility” between rebuilding measures taken inside EEZs and outside them 
across the entire stock distribution. Adhesion to the agreement by all fishers is also 
necessary to avoid temptations of free-riding. Agreements will also facilitate common 
data sets, methodologies and agreed interpretations, facilitating buy-in. In RFMOs, 
efficiency may depend on whether decision-making is by qualified vote or by 
consensus (establishing de fact a veto right for any party). The Commission for the 
Conservation of the Southern Bluefin Tuna (CCSBT) gives an example of complex, 
protracted, and not very effective process of recovery of a deep-depleted species120. 
By contrast, The International Commission for the Conservation of Atlantic Tuna 
(ICCAT) has been very successful in rebuilding its bluefin in the Northeaster Atlantic 
and the Mediterranean Bluefin tuna, drastically reducing fishing pressure, deterring 
illegal fishing, increasing protection of small sizes (Fromentin and Ravier, 2018). A 
problem with RFMOS with rebuilding is the quasi impossibility to introduce fishing 

120  The SBT spawning biomass in 2014 was at 9% of its original size, well below MSY level (indeed at 
collapse level by usual standards) with some improvements. Under the current management procedure 
(adopted in 2011) there is a calculated probability of 70% that the stock might rebuild to the interim 
target biomass level by 2035. (https://www.ccsbt.org/en/content/latest-stock-assessment).
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rights and the right of any state to claim a share, a leakage which does not facilitate 
long-term commitments and investments in rebuilding (Munro, 2010a: 38). 

9.6 KEY DETERMINANTS OF REBUILDING SUCCESS

The large number of factors that we have considered above can improve or decrease 
the probability of rebuilding. Many of them acting simultaneously, make it extremely 
difficult to identify their respective role and to rank them by order of importance.  
However, Caddy and Agnew (2004), Wakeford et al (2007; 2009) and Hammer et al. 
(2010) have provided the results of efforts to identify the most relevant factors (see 
Table 11). 

TABLE 11 
Rebuilding performance criteria and their ranking (in columns 3-5) by Wakeford et al. (2007, 2009) 
and Hammer et al. (2010)

Category Performance criteria
Wakeford et al.(1) Hammer et 

al., 2010 (2)2007 2009

Institutions 

and 

management

1. Participatory definition of the recovery 
process, plan and reference values

2. Management performance. Clear reference 
points. Robust to uncertainty. Regular 
performance assessment

2 4

3. Property rights as incentives to invest ns

4. Legal aspects (mandate, automatic triggers) 2 2

5. Effective MCS ns

6. System complexity and interactions between 
fisheries and existing management measures

ns

7. Rapid reduction of fishing mortality and 
catches

1 1 1

Environment
8. Environment conditions during recovery 

(favorable to recruitment)
2 2 2

Biology

9. Life-history characteristics affecting resilience 
to fishing

2 1 3

10. Certainty on status of the stock

Economic 11. Economic efficiency of rebuilding strategy 0

Social
12. Social impact and compensation mechanisms 0

13. Stakeholder participation ns

(1) Qualitative univariate analysis. (2) Multivariate analyses on the same database  ns: non-significant difference
All criteria were not considered in all analyses

The most robust conclusions and the ones that match what would, in fact, be expected 
intuitively based on fishery science fundamentals indicate that the four best additive 
predictors of successful (vs failure) recovery were (1) Rapid (vs sluggish) reduction 
in fishing mortality; (2) Favourable (vs adverse) environmental conditions [for 
recruitment] during the recovery period; (3) Resilient (vs vulnerable) Life-history 
characteristics of the target stock; and (4) good (vs poor) management performance 
criteria (Hammer et al., 2010). An odd element in these results is that economic 
efficiency did not emerge as important from the analysis. 

It is important to note that these factors play their role continuously and, in particular, 
year after year, as recruitment is formed and the TACs decided. The final rebuilding 
trajectory is the consequence of the interplay of these factors during the rebuilding 
period and can therefore be tentatively corrected (i.e. improved), improving action in 
relation to those factors on which humans have any control, i.e. (1) Cutting on effort; 
(2) Protecting critical habitats; (3) Enhancing stock resilience (e.g. through stock 
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enhancement or added protection of the reproductive capacity, e.g. through MPAs); 
and (4) Reducing management uncertainty. Regarding climate-driven oscillations 
(Factor 8) the only thing that could be done would be to reduce further the pressure 
(or close it altogether) if the environment was unfavorable. 

It is important also to recognize that such key factors are not sufficiently effective 
alone and that it is their combination that increases the chances and speed of rebuilding. 
Finally, experience shows that timid measures, taken in too small steps during the 
rebuilding process are ineffective as, their small impacts will be “hidden” within the 
general uncertainty, delaying the “evidence” of rebuilding, maintaining pressure to 
increase the measures, discouraging the actors. Active probing as recommended by 
Hilborn and Walters (1992) for effective adaptive strategies would call for large enough 
measures to create outcomes clearly distinguishable from ambient “noise”.  

The other factors in the Table, for which the role is not as strong, might play the role 
of “enhancers”, facilitating or accelerating the impact of the main 4. It is important to 
realize in that respect that the general results depend on the locations from which the 
examples come. Most of them came for fisheries under well-developed management 
systems, with strong enforcement. In many developing  countries where these 
conditions may not be realized, other factors like participation, and incentives (such 
as defendable use rights), as well as traditionally managed protected areas, might play 
a greater  role, developing the trust, buy-in, cooperative enforcement, etc. which are 
strongly needed in these circumstances.

9.7 TAKE-HOME MESSAGES

Factors determining success or failure of rebuilding initiatives are numerous and relate to:

Biological factors: e.g. population traits; stock structure and depth of depletion. Overall, 
biological factors are intrinsic, but they can change with time and abundance. Believing 
in their stability is a risk. Predicting the direction of their change might be feasible with 
the experience available. Predicting accurate values is probably impossible. Avoiding 
deep depletion is preferable, to avoid facing too large changes. Facing deep depletion, 
a highly adaptive approach is needed to detect and react to clues as soon as possible. 
Uncertainty and natural variability in the state of stock complicate this apparently 
“simple” prescription. Not accounting for “noise” in monitoring data might lead to 
over-reacting, and unnecessary destabilization of the sector. It would be useful to have 
stochastic reference levels (and probabilities of being “depleted” or not) instead of 
absolute reference values, for instating and closing the rebuilding regime. 

Ecological factors: e.g. species interactions; climatic factors; environmental degradation 
and time dynamics. They may be predictable to some extent, but the likely change in 
population parameters with abundance (see above) and climatic conditions create a 
dual challenge. Again, most likely directions of change might be predicted but accurate 
predictions are likely impossible. Analysis of past history of the resource-climate 
relation is important. Based on it, the stringency of rebuilding measures could be 
tailored, to some extent, to the present and likely future climatic conditions.

Economic factors: e.g. Early integration of economic concerns and principles in the 
process; Consider rebuilding as an investment to be financed, not as a cost to bear. 
Contextual economic and market uncertainties; distributional issues; The use of 
incentives and voluntary measures in addition to coercion; Fishery system complexity; 
Distribution of costs and benefits; Compensations. An important limitation in relation 
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to these factors is the relative inability to predict accurately the behaviour of the actors 
(from non-compliance and violence to astonishing innovation) when their expectations, 
assets and revenues are threatened. 

Social factors: e.g. early integration of human concerns; equity; Inclusiveness; education 
and communication; availability of alternative livelihoods; social cohesion. A highly 
participative approach improves the probability to address all these factors in the right 
way, at some non-negligible interaction cost. 

Governance factors, e.g.: Clear legal framework; Foresight, early diagnosis and early 
warning systems; Clear rebuilding targets and constraints (rebuilding time); Participation, 
learning and adaptive pathways; Clear and timely decisions commensurate to risk; 
Transitional measures; Accurate and quasi-real-time monitoring and assessments; 
Systemic reforms, before depletion becomes chronic and viral, addressing fundamental 
issues like secured rights and IUU; Communication strategy and transparency; Strong 
leadership; Endorsement of (and support from) international agreements. 

In the end, as agreed for fishery management in general, governance factors tend to 
be the main factors of success and failure in that with good governance, the social 
forces can be mobilized, uncertainties can be faced, the trade-offs dealt with equitably. 
Enabling legal and policy frameworks, a good strategy and implementation plan, a 
transparent performance assessment, and an adaptive precautionary approach are 
central to rebuilding success.
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Glossary

Back-sliding: tentative. A phenomenon in which a stock or assemblage returns to its depleted 
state after rebuilding, either because of unexpected environmental effects, poor governance or 
both.

Bmsy: Biomass that would produce the Maximum Sustainable Yield.

B0: Biomass of the unfished stock. Often unknown but determined by calculations.

Collapse: the decline in spawning stock biomass (SSB), through sustained fishing pressure 
or natural causes, to the point where it no longer generates sufficient recruits to support a 
fishery (Anon. 2001). A sustained period of very low catches occurring after a period of 
high catches (Cooke, 1984).

Compensation: an increase in the number of recruits per unit of parent biomass as this 
biomass decreases under fishing or environmental factors (Quinn and Deriso, 1999: 119). 

Critical depensation: occurs when for values of parent biomass below a critical threshold, 
the level of recruitment is lower than the parental biomass level (Quinn and Deriso, 1999: 
119). See Depensation.

Depensation: a decrease in the number of recruits per unit of parent biomass as this biomass 
increases (Quinn and Deriso, 1999: 119). See Critical depensation.

Depleted: a stock with a spawning biomass below the level of its maximum productivity 
(e.g. below BMSY) or producing a catch well below its historical maximum. When seriously 
depleted (the term deep-depletion is sometimes used) stocks are considered as Collapsed. 
synonymous: Overfished. 

Depletion: for natural renewable resources, the reduction, through overfishing, in the 
level of abundance of the exploitable segment of a stock that prevents the realization of 
the maximum productive capacity [and the production of the Maximum Sustainable Yield] 
(based on van Oosten, 1949).

Ecosystem Approach: the pursuit of a simultaneous understanding of the dynamics of all 
the populations in an ecosystem and their interactions with each other and their environment 
(Anon,. 2001).

Endangered: the state of a species, stock or population facing a high risk of extinction in the 
wild in the near future (IUCN Current) (Anon., 2001).

FMSY: the level of fishing mortality (F) needed on average, to catch the Maximum Sustainable 
Yield (MSY) of a stock. (Anon,. 2001).

Growth overfishing: occurs where fish are caught before they are able to make their 
optimum (in terms of growth) individual contribution to exploited biomass. As a result, the 
stock as a whole is fished at a level where it cannot deliver the maximum sustainable yield 
(MSY). (Anon., 2001).

Harvest Control Rule (HCR) – or Harvest Decision Rule: a formalized, pre-agreed decision 
rule which specifies in advance what action should be taken when specified deviations from the 
operational management targets and constraints are observed. Although precautionary in intent, 
they may fail to impede depletion if not formally tested for robustness against uncertainties 
inherent to the managed system (Punt, 2006), e.g. using Management Strategy Evaluation.

Hysteresys: a reaction [of a system] to an external forcing parameter that differs for different 
directions of change in that external parameter, due to positive feedbacks in the system or a 
difference in the set of variables controlling the biological response in different states (Scheffer 
and Carpenter 2003; Wang et al. 2012). The return trajectory does not repeat the ongoing one 
it but is influenced by it. It depends on the starting point which itself depends on the ongoing 
trajectory. There is hysteresis when the critical condition under which the system switches from 
one stable state to another is different from the condition that will allow the system to return to 
the original state (Holling, 1973). 
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IUU: fishing activities that are either illegal (meaning that the fishing activities violate 
applicable national or international laws or rules), unreported (activities have not been 
reported in areas where such reporting is required), or unregulated (activities are inconsistent 
with relevant international laws or rules, but either the activities are not regulated, or the 
involved fishing vessels are not able to be regulated because they are flying the flag of a State 
that is not party to the relevant regional fishery management organization or they are flying 
no flag at all). For a more complete de3finition, refer to FAO (2001:§3). 

Limit Reference Points (LRPs): are values of indicators that define the point at which 
precautionary action [additional to ordinary management action] must be taken to safeguard 
a stock. Stocks above LRPs are within Safe Biological Limits with a high probability that: (1) 
the spawning stock biomass (SSB) is above the level at which recruitment is impaired (Blim); (2) 
the fishing mortality (F) is below the level (Flim) that would drive the SSB below Blim. (Based 
on Anon., 2001). Blim may be expressed as a biomass value or as a fraction of a reference value 
–such as 0.5BMSY–  or of the unexploited biomass 0.2 Bv or 0.2 B0. (Based on Anon., 2001)

LOSC: the United Nations Law of the Sea Convention adopted in 1082. In force since 1994.

Management Strategy Evaluation (MSE): a general framework aimed at designing and 
testing a rebuilding strategy or an ongoing (or planned) harvest strategy against uncertainties 
inherent to the management system. Based often on extensive modelling, the MSE specifies 
the pre-agreed decision rules (heuristics), the data and assessment methods used (e.g. for 
setting and adjusting TACs or effort levels to achieve a set of fishery management objectives), 
and the way to interpret to results of the analyses. MSE may  consider and help balancing 
biological and socioeconomic objectives

Maximum Economic Yield (MEY): when relating total revenues from fishing to total 
fishing effort in a surplus production model, the value of the largest positive difference 
between total revenues and total costs of fishing (including the cost of labour and capital) 
with all inputs valued at their opportunity costs (from OECD Glossary: https://stats.oecd.
org/glossary/detail.asp?ID=6504

Maximum Sustainable Yield (MSY): the largest average catch that can be taken continuously 
from a stock under existing environmental conditions. It depends on the fishing regime 
(mesh size and age at first capture). For species with large inter-annual fluctuations or shifts 
in recruitment levels, the MSY reference might need to be adjusted to avoid deep-depletion 
in periods of very low recruitment (Wiedenmann and Mangel, 2006). A constant F strategy 
might achieve the same result (Walters and Parma, 1996). Synonyms: potential. The United 
Nations Fish Stock Agreement requires to use MSY as a limit reference point (to avoid 
reaching) and not as a target reference point . 

Non-Target Species (NTSS): any species taken accidentally while fishing for the Target 
Species. As part of the bycatch, they may be discarded at sea or retained on board to be 
disposed on land or sold as secondary species (also referred to as by-product). NTSs may 
become target species if a market develops for them.

Optimum Sustainable Population (OSP): populations of non-exploited species (for which 
MSY is irrelevant), should be maintained at or above the Optimum Sustainable population 
(OSP) level, defined as the abundance which will result in their maximum productivity with 
respect to the carrying capacity of the habitat and the state of a given ecosystem (Rosenberg, 
1993: 10). In practice, this level is very similar to BMSY. For long-lived, low-productivity, 
animals this level is very close to the virgin (unimpacted) level (Rosenberg, 1993: 6, 10).  

Overfished: referring to a surplus or Y/R model, it is a situation in which the current stock 
biomass is lower than the one needed to produce the MSY (BMSY), often taken as 50% of 
the unfished biomass. The corrective measure needed is stock Rebuilding. Fishing pressure 
might be over FMSY (active overfishing) or below it if it has been reduced and the stock is 
rebuilding (Rosenberg, 1993). 

Overfishing: referring to a surplus or Y/R model, it is a situation in which the current 
fishing pressure is higher than the one needed to produce the MSY. The corrective measure 
needed is a reduction of fishing mortality, reducing effort or capacity. The biomass of the 
stock might be still over BMSY (in transition to being overfished) or below it (overfished) 
(Rosenberg, 1993). Overfishing may also be defined in relation to recruitment. see 
Recruitment Overfishing.
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Precautionary Approach Reference Points (Pa): as LRPs may not always be precise 
enough, precautionary reference points Bpa (higher than Blim) and Fpa (lower than Flim) 
may be identified, where the subscript “pa” stands for “precautionary approach”. In earlier 
scientific works, Bpa was referred to as the minimum biologically acceptable limit (MBAL). 
(Based on Anon., 2001). Bpa may be expressed as a biomass value or as a fraction of a 
reference value –such as 0.4 BMSY–  or of the unexploited biomass 0.3 Bv or 0.3 B0. (Based 
on Anon., 2001).

Rebuilding: process to return of a stock or a multispecies assemblage from an overfished 
situation to one in which its biomass and composition is re-established to the rebuilding 
target level (e.g. BMSY or BMEY). May be legally mandatory for stocks driven below such 
levels or other lower levels of biomass (e.g. Blim).

Rebuilding Strategy Evaluation: a form of management strategy evaluation (MSE) in 
which various rebuilding strategies (and trajectories) are tested by simulation to assess 
their performance with regard to rebuilding goals (e.g. in terms of biomass) and constraints 
(e.g. in terms of rebuilding time, probability of success, biological versus socioeconomic 
outcomes, and short-term versus long-term outcomes).

Rebuilt: the situation of a previously overfished stock or species assemblage the biomass 
and composition of which has been re-established to the rebuilding target level (e.g. BMSY 
or BMEY). In legal terms, the state in which the stock or species assemblage has reached and 
demonstrably maintained –for a given number of years–  the mandatory target level for 
the reference criteria (e.g. biomass, structure, value, employment). The end of the special 
rebuilding regime.

Recruit: a young fish joining the exploited or spawning stock for the first time.

Recrutiment: the number of young fish joining the exploited stock each year, i.e. having 
grown to a length [equal or] greater than the size at which they could be captured by the gear 
(Anon., 2001). Recruitment coincides often with the beginning of the maturation process. A 
sustained increase in recruitment is a good proof of rebuilding. 

Recruitment overfishing: the situation that results from fishing the spawning stock biomass 
(SSB) down to [i.e. below Blim] a level where it cannot produce sufficient juveniles (recruits) 
each year to replace the total annual losses of the stock, through fishing and natural causes 
(Anon., 2001).

Responsible Fisheries: fisheries combining respect for ecosystems and biodiversity with 
the needs of consumers and the interests of the fishery sector (E.C. 1999).  The Code of 
Conduct for Responsible Fisheries has been adopted by FAO in 1995.

Restoration: active intervention to halt activities causing adverse effects on the ecosystem 
or one of its components (stocks, species, habitats) and to return them to initial or better 
conditions. Synonyms: rehabilitation, rebuilding; recovery; rehabilitation; reconstruction.

Significant Adverse Impact: a level or threshold of impact of use that is either prohibited 
or requires application of Biodiversity Impact Mitigation (BIM) strategy. An impact leading 
to Net Loss of biodiversity reducing it below the level at which it can safely reproduce. In 
the CBD context, the expression refers exclusively to impact on biodiversity (e.g. in term 
so abundance, structure, resilience) and is an impact that significantly modifies ecosystem 
structure and function. 

Sliding-back: a situation in which the level of rebuilding already achieved gets lost, 
totally or partially, and the stocks gets depleted again, because of unexpected external (e.g. 
environmental) causes or because the original causes of, or incentives for, depletion have not 
been properly corrected.

SSB (Spawning Stock Biomass): in a population, the biomass of fish having reached sexual 
maturity.

Stock: a population of a species that is isolated from other stocks of the same species and 
does not interbreed with them and can, therefore, be managed independently of other stocks 
(Anon, 2001). In practice, a portion of a population (the adult part, recruited on the fishing 
ground) that can be managed in isolation. (Anon, 2001).
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Stock-recruitment relationship (SRR): the notional relationship between the size of the 
(parent) spawning stock and the number of recruits joining that stock in later years (Anon., 
2001). A stock Depleted below Blim will not produce enough recruits to maintain itself and 
may Collapse. The shape of the  SRR is usually not well known.  

Surplus production: the quantity of fish resulting from growth plus recruitment each year 
that exceeds the quantity of fish lost through natural mortality (M). It is the quantity of fish 
available to support a sustainable fishery.

TAC (Total Allowable Catch): the upper cap on catch allowed for a fleet/fishery. Usually 
divided in quotas allocated to nations (in international fisheries) or to companies or single 
vessels (in national fisheries).

Target species: the primary species of fish that a fishing vessel aims to catch during a given 
fishing operation. More than one species may be targeted together in multispecies (mixed) 
fisheries. In a quota-based fishery, the main target species is the one for which the vessel has 
been allocated a quota.

Technical interaction: the interaction of one technical management measure with another. 
For example, the optimum mesh size for one species may not be optimal for another, taken 
with it (Anon., 2001). Moreover, a vessel seeking the species for which it has a quota may 
accidentally catch a species for which it does not have one, creating an interaction between 
two fleets, and interfering with the quota management.  

Yield per Recruit (Y/R): the yield in weight from every individual fish that is recruited to 
the exploited stock. The Y/R depends on the fishing pressure exerted and its distribution 
on the age structure. Y/R calculations implicitly assume constant recruitment and disregard 
natural oscillations.
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