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ABSTRACT: Populations of small pelagic fish (SPF) such as sardine, anchovy, herring, capelin and
mackerel provide ~25% of the global annual yield of capture fisheries, and the well-being of many
human coastal communities around the world, particularly in developing countries, critically depends on these SPF resources. These fishes display large ‘boom and bust’ cycles with great ecological as well socioeconomic consequences. Despite many internationally coordinated research
efforts, sufficient knowledge about the drivers of SPF population dynamics and, particularly, the
interactive effects of environmental and anthropogenic factors is lacking. The ecology and management of SPF were discussed in a symposium in Victoria, BC (Canada), attracting participants
from 31 countries. This Theme Section consists of 22 research contributions providing fundamental insights into (1) the biology of SPF, (2) the drivers of SPF dynamics and (3) the socioeconomic
impacts of SPF fisheries. Such insights are urgently needed for effective, ecosystem-based management of these highly variable fish populations. The symposium was an important catalyst for
future, internationally coordinated research efforts to further advance our knowledge on the drivers of SPF population dynamics and the effective management of SPF fisheries.
KEY WORDS: Small pelagic fish · Recruitment · Growth · Food web dynamics · Management ·
Assessment · Socioeconomic aspects

1. INTRODUCTION
Populations of small pelagic fish (SPF), also called
forage fish, such as sardine, anchovy, herring, capelin and mackerel, provide about 25% of the total
annual yield of capture fisheries world-wide, and the
well-being of many coastal communities around the
world, particularly in developing countries, critically
depends on these resources (FAO 2017). Populations
of SPF exhibit extreme fluctuations in abundance
and geographic distribution due to the impact of
environmental factors, which are often amplified by
anthropogenic influences. Despite many internationally coordinated research efforts (e.g. Checkley et al.
*Corresponding author: juergen.alheit@web.de

2010, Pikitch et al. 2012, Peck et al. 2014), we still do
not have sufficient knowledge about the drivers of
the population dynamics of SPF, particularly how
environmental and anthropogenic factors interact to
affect populations of SPF.
In 1983, the Food and Agriculture Organization of
the United Nations (FAO) and Intergovernmental
Oceanographic Commission (IOC) organized an
international symposium entitled ‘The expert consultation to examine changes in abundance and species
composition of neritic fish resources’ in San José,
Costa Rica. The research presented at that symposium was published in a 3-volume FAO Fisheries
Report (Sharp & Csirke 1983a,b, Csirke & Sharp
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1984). The 1983 symposium was a major success and
inspired many research efforts conducted on SPF
over the next 3 decades. As there has been no global
symposium on SPF since 1983 and no international
platform for the global exchange of information on
SPF since the end of the International GeosphereBiosphere programme ‘GLOBEC’ (Global Ocean
Ecosystem Dynamics) in 2008, the International
Council for the Exploration of the Sea in the Atlantic
(ICES) and its sister organization in the Pacific
(PICES) organized an international symposium on
‘Drivers of dynamics of small pelagic fish resources’
in Victoria, BC (Canada), from 6 to 11 March 2017
(www.pices.int/smallpelagics2017). The symposium
attracted 237 participants from 31 countries and 6
continents, consisting of physical oceanographers,
plankton experts, fish biologists, fisheries experts,
economists and social scientists. Approximately 18%
of all attendees were students or early career researchers. Most of the presentations are available at
http://meetings.pices.int/publications/presentations/
2017-Pelagics (other authors did not give permission
for posting). The symposium was organized in 6
themes: (1) environmental control of spatio-temporal
changes in population size, distribution and migration
of small pelagic fish in the ecosystem context; (2)
external drivers of change in early life history,
growth and recruitment processes; (3) the role of
small pelagic fish in food web dynamics between
plankton and top predators; (4) comparison of methods for assessment of small pelagic fish populations;
(5) future challenges for ecosystem-based management of highly variable fish populations; (6) small
pelagic fish and humans — social, economic and institutional dimensions. Contributions to the first topic
were separately published in a Special Issue of DeepSea Research II (Alheit et al. 2019), research contributing to themes 2−6 is published within this
Theme Section. Collectively, all of the papers stemming from the 2017 symposium have advanced our
knowledge not only of the ecology and drivers of SPF
populations but also the consequences of changes in
SPF to human communities.

2. DRIVERS OF SPF POPULATIONS
2.1. External drivers of the growth
and recruitment of early life stages
The size of populations of SPF can display particularly large fluctuations at interannual, decadal and
multidecadal scales. Large oscillations in abundance

(from extremely low — close to local extinction — to
high levels) have occurred well prior to the development of industrial fisheries in the second half of the
20th century (Baumgartner et al. 1992). The fluctuations also appear independent of the trophodynamic
structure of ecosystems, with ‘boom and bust’ cycles
documented in SPF populations inhabiting not only
eastern boundary upwelling systems but also higherlatitude, spring-bloom dominated ecosystems in temperate and sub-polar areas (Toresen & Ostvedt 2008,
Peck et al. 2013). These rapid changes in productivity
are due to the fact that SPF are r-selected species that
display high rates of somatic growth, early maturation and tight coupling to climate-driven variability
in prey resources (phytoplankton and zooplankton).
Due to these population dynamics, many of the key
hypotheses on how environmental factors regulate
the recruitment (year-class) success of marine fish
have been based on research conducted on species of
SPF such as Atlantic herring (Hjort’s critical period;
Hjort 1914), northern anchovy (Lasker’s ‘stable ocean’
hypothesis; Lasker 1981) and sardines and anchovies
in upwelling systems (Cury and Roy’s ‘optimal environmental window’ hypothesis; Cury & Roy 1989) as
reviewed by Houde (2008). A series of papers in this
Theme Section has advanced our knowledge on how
environmental factors regulate SPF populations via
impacts on eggs, larvae and/or juveniles and contribute to differences in general life history traits.
In a study examining newly spawned eggs in Peruvian anchovy Engraulis ringens, Castro et al. (2019,
this Theme Section [TS]) demonstrated how differences in the maternal provision of free amino acids
can modulate the specific gravity and depth of buoyancy of eggs spawned in contrasting habitats in
northern and central Chile. Slotte et al. (2019, this
TS) demonstrated that larvae of Norwegian spring
spawning herring Clupea harengus, which hatched
relatively early in the year, grew more slowly but had
a higher probability of survival by drifting more rapidly through predator fields prior to spring warming.
That result contradicts the growth-survival hypothesis, which states that faster growing larvae have a
higher probability of survival than more slowly growing conspecifics. In a second study examining larvae,
Yebra et al. (2019, this TS) described how molecular
techniques (multiplex PCR) can be applied to identify
species of nauplii and protists ingested by European
sardine Sardina pilchardus in the SW Mediterranean
Sea. Two studies within this Theme Section examined processes impacting the growth and survival of
post-larval (age-0) juveniles. Working on Pacific herring C. pallasi in the Strait of Georgia, Boldt et al.
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(2019, this TS) illustrated how bottom-up and topdown processes can affect juvenile abundance and
somatic condition. In a second study targeting juveniles, de Carvalho-Souza et al. (2019, this TS) reported how anthropogenic (freshwater discharge
and turbidity) and natural (temperature and prey
abundance) factors influence the abundance of European anchovy E. encrasicolus within an estuarine
nursery area. Based on long-term common-garden
rearing of Norwegian (C. harengus harengus) and
Baltic herring (C. harengus membras) and their
hybrids, Berg et al. (2019, this TS) demonstrated that
genetic origin and salinity history influence reproductive success. Using a full life-cycle bioenergetics
model forced by temperature and zooplankton, Huret
et al. (2019, this TS) simulated European anchovy
inhabiting 3 contrasting areas (North Sea, Bay of Biscay and Mediterranean Sea) to better understand
which factors drive regional differences observed in
their life history traits, such as growth and reproduction. Finally, Somarakis et al. (2019, this TS) compared
patterns of recruitment fluctuations of clupeoid stocks
on a global basis, providing new insights on SPF
recruitment in relation to spawning stock, egg production and larval survival.
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lyzed the size spectra of plankters across a trophic
gradient and suggested that adult northern anchovy
(Engraulis mordax) may be restricted to the eutrophic
inshore habitat. Upwelling conditions in these inshore habitats enhance nutrient availability and increase the abundance of large phytoplankters which,
in turn, support higher relative abundances of large
mesozooplankters. In contrast, sardine (Sardinops
sagax) are able to grow well under moderately oligotrophic, offshore conditions where the relative contribution of small zooplankters is greater. In another
study, Wise et al. (2019, this TS) examined amounts
of SPF caught by fisheries and consumed by predators in Portuguese waters to provide advice on marine spatial planning. Whereas SPF landings of the
Portuguese purse seine fishery and SPF consumption
by 6 of their top mammalian and avian predators
were of the same order of magnitude, spatial overlap
between the fishery and its main target species, sardine (Sardina pilchardus), was relatively low (Wise et
al. 2019). Finally, Louzao et al. (2019, this TS) examined how oceanographic features and the abundance
of juvenile European anchovy impacted the spatial
habitat utilization of 2 avian predators of SPF, the
sooty (Ardenna grisea) and great shearwaters (A.
gravis), both of which migrate through the Bay of Biscay during autumn.

2.2. The role of SPF in food web dynamics between
plankton and top predators
SPF feed on phyto- and zooplankton and are, at the
same time, the main prey items for many predators
such as piscivorous fish, mammals and birds. Hence,
they are important controls of the energy transfer
within marine food webs from plankton to top predators (Cury et al. 2000, Fréon et al. 2009). The overarching question of this symposium theme was: what
do we know about the feeding habits of SPF on
plankton, and, in turn, what is known about the feeding habits of the predators of SPF? Using satellite
chlorophyll concentration, Menon et al. (2019, this
TS) evaluated the influence that phytoplankton biomass variation has on the dynamics of the Indian oil
sardine Sardinella longiceps in the southeastern Arabian Sea off the southwest coast of India. In the
northern Californian Current system, during the
unprecedented warming event in 2015−2016, a suite
of SPF shifted from a normally interannually variable
diet consisting mostly of crustacean prey to a more
consistent diet with important contributions from
energetically less valuable gelatinous prey sources
(Brodeur et al. 2019, this TS). Also in the California
Current ecosystem, Rykaczewski (2019, this TS) ana-

2.3. Comparison of methods for assessment
of SPF populations
Due to their unique population dynamics, roles in
the food web and importance to both small-scale
(artisanal) and large-scale (industrial) fisheries, the
stock assessment and management of SPF pose
unique challenges. These include the need to account for elements of the ecosystem directly as part of
assessments and to apply management actions that
are not only ecologically sustainable but also minimize impacts on social and economic systems. These
challenges were highlighted within 3 articles of this
Theme Section. Baker et al. (2019, this TS) provide
new insights on life history patterns of Pacific sand
lance Ammodytes personatus, with application to
fisheries management, ecological interactions and
comparative analyses to other regions. Sánchez et al.
(2019, this TS) describe the bio-economic impact assessment of alternative harvest control rules in developing a management plan for European anchovy
in the Bay of Biscay and show how the modeling
work was adapted as new biological information and
data sources became available. Ichinokawa & Oka-
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mura (2019, this TS) analyzed the success of the
effort management of a purse seine fishery targeting
chub mackerel Scomber japonicus in Japanese waters.

scale fishery by using estimates of total revenue from
fishing, total costs of fishing and fisheries subsidies
for small-scale and large-scale fisheries; they suggest
ways for improving the economic viability of smallscale fisheries on SPF and other species.

2.4. Future challenges for ecosystem-based
management of highly variable fish populations
3. CONCLUSIONS
Management of SPF stocks needs to consider both
the effects of ecosystem processes on stock productivity and the combination of that productivity and
exploitation on the rest of the ecosystem. Consequently, assessment models for SPF need to depict,
with sufficient accuracy, how stock productivity is
linked to changes in environmental drivers. Coll et
al. (2019, this TS) applied qualitative mathematical
modelling to describe the food web of SPF in the
northwestern Mediterranean Sea and assessed the
likely role of potential pressures on SPF populations,
thereby comparing different hypotheses. Watari et
al. (2019, this TS) constructed an Ecopath model for
the food web of western North Pacific waters off
Japan (Kuroshio and Oyashio Currents), focusing on
SPF. Kaplan et al. (2019, this TS) developed a multimodel approach using 3 ecosystem models (Ecopath,
MICE [models of intermediate complexity] and Atlantis) to understand the role of Pacific sardine in the
California Current food web. Finally, using an Ecopath model, Veiga-Malta et al. (2019, this TS) provide
a first representation of the trophodynamic structure
and function of the Portuguese continental shelf ecosystem, highlighting the role of European sardine
Sardina pilchardus in food web dynamics.

2.5. SPF and humans — social, economic
and institutional dimensions
Fisheries for SPF have a high economic value
because of (1) their use for human consumption, (2)
their use for production of fish meal and fish oil and
(3) their pivotal role in sustaining fisheries for large
predators. These fisheries are not only critically important in terms of future global food security but are
also pivotal for the economies of small fishing communities, as demonstrated by 2 contributions to this
Theme Section. Lam et al. (2019, this TS) introduce
an innovative value- and ecosystem-based management approach to Pacific herring dynamics and apply
it to the fishery conflict between indigenous communities and the commercial fishing industry in British
Columbia, Canada. Schuhbauer et al. (2019, this TS)
assess the economic viability of a Mexican small-

The 2017 symposium in Victoria, BC, presented the
state of the art in research on SPF and, by emphasizing new methods and approaches, provided a deeper
understanding of the drivers of the dynamics of SPF
resources, as exemplified by the articles in both this
Theme Section and another Special Issue (Alheit et
al. 2019). The symposium provided a forum for discussion of common challenges that exist across regions and species in the effective stewardship of SPF
resources, especially in understanding the drivers of
changes in recruitment required for ecosystembased management. The aim of the symposium was
to revitalize global international cooperation on investigations of SPF. Towards this goal, the attendees
were encouraged to develop an international cooperative framework, including regular future symposia,
to identify and investigate unresolved questions in
relation to SPF. The first steps towards this goal have
already been undertaken by cooperative actions of
PICES and ICES.
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