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ABSTRACT: Populations of small pelagic fish (SPF), such as sardines, anchovies and herrings, sup-
port some of the largest marine fisheries globally and are critical for trophic transfer in large marine
ecosystems and food security, particularly in low- to medium-income countries. Marked changes
in population size, shifts in distribution on multiple time scales, and impacts on their populations
from other pressures (e.g. overfishing, climate change) pose large challenges to sustainably man-
age these resources to avoid the serious socioeconomic and ecological impacts of population col-
lapses. The ecology and management of SPF was discussed in an international symposium in Lis-
bon, Portugal, attracting participants from 38 countries and 6 continents. This Theme Section
includes 18 research contributions examining SPF from 6 different ecological regions alongside 3
global analyses. These studies, including a wide range of topics from parasitology, behavior and
trophodynamics to growth and spawning, provide important new knowledge that will improve
science-based advice and tools needed for sustainable, ecosystem-based management of these
resources. This symposium was an important milestone for a global working group and sowed the
seeds for continued, globally coordinated research efforts on the role of SPF in complex socio-
ecological systems.
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1. INTRODUCTION

Small pelagic fish (SPF) are key to the trophody-
namic structure and function of many aquatic food
webs by transferring energy from lower to upper
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trophic levels (Pikitch et al. 2012). These fishes form
about 30% of total global catches with Peruvian
anchovy Engraulis ringens being the largest fishery
worldwide (FAO 2022). Given their ecological and

economic importance, and the fact that they display
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marked and often rapid shifts in distribution and
abundance (Essington et al. 2015, Checkley et al.
2017), revealing the processes impacting their pop-
ulation dynamics has been an active area of research
for decades (Checkley et al. 2009, Peck et al. 2021).

Coordinated, international efforts to advance knowl-
edge of SPF ecology and population dynamics started
in the early 1980s under the auspices of the Fisheries
and Agriculture Organization (FAO) and the Inter-
governmental Oceanographic Commission (IOC), in-
cluding a global research symposium (Sharp & Csirke
1983a,b, Csirke & Sharp 1984). Following that sym-
posium, Small Pelagic Fish and Climate Change
(SPACC) became an active working group (Check-
ley et al. 2009) within the International Geosphere-
Biosphere programme '‘GLOBEC' (Global Ocean
Ecosystem Dynamics) that concluded in 2008. Sym-
posia in Nantes, France (Peck et al. 2014) and Vic-
toria, Canada (Alheit & Peck 2019, Alheit et al. 2019)
re-ignited formal international collaboration on the
ecological and socio-economic drivers of change
in SPF, leading to the formation of a PICES-ICES
working group (WG43/WGSPF) in 2019. This work-
ing group organized the most recent international
symposium on SPF which convened in Lisbon, Portu-
gal, from 7—11 November 2022.

The symposium 'Small pelagic fish: new frontiers in
science for sustainable management' attracted 289
participants from 38 countries and 4 international
organizations (PICES, ICES, FAO and NPFC). Scien-
tists came from 6 continents: Australia (5), Africa (17),
Europe (168), Asia (36), North America (48), and
South America (15), with 47 participants being from
developing countries. The symposium was nearly
gender-balanced (47 % female, 53% male), with a sub-
stantial portion (44%) of the attendees being early-
career researchers. The participation of many of these
young scientists from around the world was facili-
tated by the generous support of more than 20 co-
sponsors (with the primary international organizers
being PICES, ICES, and FAO).

The symposium was organized around 7 themes: (1)
trophodynamics, (2) life cycle closure, (3) population-
and ecosystem-level phenological shifts and tipping
points, (4) responses to climate variability and change
at long time scales, (5) progress in monitoring and
surveys, (6) management strategies safeguarding
marine ecosystem services, and (7) social-ecological
analyses and sustainability. There were also 6 work-
shops on topics ranging from specific measurement
techniques (e.g. daily egg production method) to
equitable harvesting of SPF. In total, there were 278
presentations: 14 plenary talks, 7 invited and 173 con-

tributed talks, and 84 posters. Contributions to Themes
1—4 were published within this Theme Section, while
research within Themes 5—7 were published sep-
arately in a Special Issue of the Canadian Journal of
Fisheries and Aquatic Sciences (Rooper et al. 2024b).
Taken together, the papers stemming from the 2022
symposium, and published in these 2 collections,
have advanced fundamental knowledge not only of
the ecology and environmental drivers of SPF popula-
tions, but also of the management tools and impacts
of changes in SPF on vulnerable human communities.

2. ECOLOGICAL DRIVERS OF SPF
2.1. Trophodynamic processes

Global syntheses have attempted to quantitatively
compare the multiple roles of SPF as predators, prey
and fisheries targets. For instance, Pikitch et al. (2014)
assembled 72 global food web models to estimate
both the landed value of SPF and their supporting
value to harvested species at higher trophic levels.
The research in this Theme Section advances this
type of analysis from local to global scales, incorpo-
rating important nuances including cannibalism, spa-
tio-temporal variation, and ontogenetic shifts in diets,
in some instances elucidated by novel quantitative
and molecular techniques. Ruzicka et al. (2024 in this
Theme Section) took a global approach by assem-
bling a database of 199 models that use Ecopath and
related food web modeling frameworks. Those authors
found that SPF accounted for 43% of total fish produc-
tion, and 18% of global catches. As forage, SPF also
supported 34% of total fisheries catch, and >15% of
energy flowing to top predators, such as marine mam-
mals and birds. At a local scale within the Northern
Peru Current Ecosystem, Lujan et al. (2024 in this
Theme Section) conducted rigorous uncertainty anal-
yses of the trophodynamic OSMOSE model, finding
that parameter uncertainty for species such as euphau-
siids and Humboldt squid Dosidicus gigas strongly
impacted the projected biomass of species including
Peruvian anchovy and mackerels. In a second, local-
scale example, a new diet database (Bizzarro et al.
2023) and spatio-temporal modeling (Thorson 2023)
allowed Wells et al. (2024 in this Theme Section) to
investigate spatial variation in diets of Pacific hake
Merluccius productus and Chinook salmon Onco-
rhynchus tshawytscha within the California Current
Ecosystem. This high-resolution approach allowed an
understanding of long-observed patterns in diets,
such as patchy and episodic bouts of cannibalism by
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Pacific hake, and diet variation stemming from pro-
ductivity shifts related to El Nifio. Similarly, Gunther
et al. (2024 in this Theme Section) used a diet data-
base for 4 groundfishes in the Eastern Bering Sea to
yield information on the spatial distribution and hab-
itat preferences of 5 species of forage fish. In this case,
and other recent studies (e.g. Gaichas et al. 2024),
predators were used as 'samplers’ of a dynamic sea-
scape with spatiotemporal variations in species abun-
dance and distribution.

Intra-guild competition and predation, as well as
cannibalism can be important processes controlling
SPF populations (Peck et al. 2021). Fonseca et al.
(2024 in this Theme Section) revised estimates of gas-
tric evacuation rates of European sardine Sardina pil-
chardus that had consumed different prey, including
fish eggs. Their refined estimates indicated that sar-
dine may cannibalize 2—16% of their eggs. European
sardine can also exert substantial predation pressure
by consuming eggs of European anchovy Engraulis
encrasicolus. Verissimo et al. (2024 in this Theme Sec-
tion) applied novel molecular techniques to further
quantify egg predation by SPF, reporting strong
evidence of cannibalism by sardines, as well as intra-
guild predation with sardine consuming eggs of
anchovy and a sparid. Garrido et al. (2024 in this
Theme Section) reviewed the information available
on the trophic ecology of SPF larvae and proposed
new research directions. They described how a com-
bination of old and new techniques has helped better
understand larval diets, such as the identification of
highly digested organisms in guts (gelatinous zoo-
plankton, teleost eggs) by DNA metabarcoding. Jacob-
son et al. (2024 in this Theme Section) reviewed infor-
mation regarding trophically-transmitted parasites,
highlighting how parasites can provide relevant infor-
mation on long-term feeding history of SPF and the
identification of predators not detected by traditional
diet analysis.

2.2. Life cycle closure: advances in
process understanding

Studies by Maathuis et al. (2024 in this Theme Sec-
tion), Thorvaldsen et al. (2024 in this Theme Section),
Berg et al. (2024 in this Theme Section), and van der
Kooij et al. (2024 in this Theme Section) collectively
underscore the critical importance of understanding
the spatial variability and life cycle closure of SPF in
the face of environmental change and human im-
pacts. Maathuis et al. (2024) provided a detailed
examination of SPF behavior in a tidal channel,

revealing the dynamic use of a migration corridor to
shallow-water nursery grounds, especially for juve-
nile Atlantic herring Clupea harengus and European
sprat Sprattus sprattus. Their innovative use of echo-
sounder technology showcased the seasonal varia-
bility in SPF abundance and vertical distribution,
emphasizing the need for high-resolution monitoring
to understand the spatial nuances of SPF life stages.
Thorvaldsen et al. (2024) expanded on this theme by
exploring the 3D movement patterns of mesopelagic
fishes. By highlighting the variability in movement
strategies between juvenile and adult stages and
across different environmental conditions, their re-
search challenges conventional models of predator-
prey interactions and underscores the significance of
individual-level behaviors in ecological modeling.
Berg et al. (2024) contributed to this dialogue with
their groundbreaking study on the growth plasticity
of Atlantic herring under varying light and tempera-
ture conditions. Their findings not only demonstrate
the adaptability of herring to different environmental
regimes but also provide insight into the potential
impacts of climate change on growth and maturation
strategies of SPF. Finally, van der Kooij et al. (2024)
offered a perspective on the broader implications of
climate change through their study of a shift in the
distribution of European anchovy. The observed ex-
pansion and increased spawning activity of European
anchovy in the English Channel was not observed a
decade earlier (Petitgas et al. 2012), highlighting the
complex interactions among genetic distinctiveness,
environmental drivers, species distribution, and the
adaptiveness of SPF life history strategy. Together,
the results of these studies advocate for a nuanced
approach to fisheries management and conservation
strategies, taking into account the detailed spatial
and temporal patterns of SPF life stages to ensure
their resilience and sustainability in a rapidly chang-
ing world.

2.3. Understanding population- and
ecosystem-level shifts: from seasonal timing
to tipping points

Changes in reproductive timing can lead to tipping
points and shifts in ecosystem dynamics if different
trophic levels exhibit seasonal asynchrony. More-
over, understanding reproductive timing of SPF is
key for determining if there is a mismatch between
fisheries-independent surveys and seasonal fish bio-
mass in an ecosystem. As a result, developing predic-
tive capacity in this arena will be beneficial to fish-
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eries-based ecosystem management. This topic was
explored by Ferreira & Neuheimer (2024 in this
Theme Section) who examined the thermal time of
Pacific herring Clupea pallasii spawning across 6
regions of British Columbia, Canada. They reported
that latitudinal variation in spawning times can be
well explained by cumulative degree days across the
reproductive season of this species. A second article
addressed the environmental variables that influence
the distribution and timing of 5 stocks of Pacific her-
ring spawning in British Columbia considering a
wider diversity of variables (Rooper et al. 2024a in this
Theme Section). The location of spawning was consis-
tent across years, suggesting that spatial dynamics
were less influenced by environmental variability,
with stock biomass having a greater influence on
spawning distribution. For seasonality of spawning,
Rooper et al. (2024a) also found that degree days, day
length, and salinity were the most prominent factors
influencing timing.

2.4. Responses to climate variability and change
at decadal to centennial time scales

Knowledge of processes responsible for temporal
and spatial shifts in the productivity of SPF have
stemmed from both statistical analyses of long-term
time series of fish abundance or traits and environ-
mental factors, as well as from coupled hydrody-
namic, ecosystem, and individual-based modeling of
SPF early life stages (Peck et al. 2021). In this Theme
Section, we present both types of studies, which were
conducted in Iberian waters and NW Pacific waters,
to provide new knowledge on decadal shifts in pro-
ductivity and the influence of climate variability on
SPF populations.

Nishikawa et al. (2024 in this Theme Section) used a
lower-trophic-level ecosystem model coupled to an
ocean circulation model to investigate oceanographic
impacts on the food web that supports Japanese sar-
dine Sardinops melanostictus. Time series of meso-
zooplankton biomass, one of the key forage groups
for SPF, are rare. However, coupling physical circula-
tion and plankton models can help to bridge the gap
between observed physical variability and fisheries.
Modeled zooplankton biomass in the region was
associated with deviations from the sardine stock-
recruitment curve. Working in Iberian waters, Teles-
Machado et al. (2024 in this Theme Section) simu-
lated larval dispersal of European anchovy, finding
that episodes of anomalous, intense ocean currents
during periods of high spawning activity can lead to

the colonization of new areas. In that study, the direc-
tion and intensity of connectivity at the early life stages
between areas changed significantly with time.

Decadal comparisons were made by Takahashi et
al. (2024 in this Theme Section) on the growth and
hatching times of juvenile Japanese jack mackerel
Trachurus japonicus between the 1960s—1970s and
2000s—2010s. Juveniles in the more recent period
hatched, on average, about a month earlier and their
somatic growth was faster than juveniles in the former
period, suggesting a climate-driven phenological shift
and impact on size-at-age. In northern Iberian waters,
Ferreira et al. (2024 in this Theme Section) statisti-
cally compared periods before (2001—2009) and after
(2010—2020) a dramatic shift to higher recruitment
and fisheries catches of European anchovy. Ferreira
et al. (2024) reported that recruitment was strongest
during years when months of peak spawning coin-
cided with weaker upwelling events, lower salinity,
and higher precipitation. Increased anchovy recruit-
ment not only corresponded to oceanographic con-
ditions favoring onshore larval retention but also to
years with low abundance of European sardine, sug-
gesting that anchovy benefitted from decreased for-
aging competition and egg mortality via predation in
accordance with the diet analyses of Verissimo et al.
(2024).

3. CONCLUSIONS

This international symposium provided a produc-
tive forum for exchange of research, ideas and knowl-
edge on SPF dynamics around the world, from fresh-
water (e.g. African lakes) to marine habitats. The
articles published here and in a sister volume (Rooper
et al. 2024b) demonstrate the vibrant collaboration,
strong advancements in state-of-the-art tools and
techniques, as well as the remaining challenges to
robust, ecosystem-based fisheries management of
these critical ecological, economic and cultural re-
sources. The ICES-PICES working group on SPF, cur-
rently with 131 members from >20 countries, plans to
continue to foster international cooperation and col-
laboration, including future symposia, to push for-
ward the science of sustainable and equitable man-
agement of SPF.

Acknowledgements. We thank the primary international
sponsors of the symposium, PICES, ICES, FAO and our local
sponsor and organizers at the Portuguese Institute of Sea
and Atmosphere (IPMA). We particularly thank the Calouste
Gulbenkian Foundation for allowing us to use their museum
facilities. Other co-organizers and co-sponsors included the



Peck et al.: Introduction to the Theme Section on small pelagic fish research frontiers 5

Danish Pelagic Producers Organisation (DPPO), Fisheries
and Oceans Canada (DFO), the General Fisheries Commis-
sion for the Mediterranean (GFCM), Integrated Marine Bio-
sphere Research (IMBER), French National Research Insti-
tute for Sustainable Development (IRD), Ministry of Oceans
and Fisheries (MOF) through Korea Institute of Ocean
Science and Technology (KIOST), the National Science
Foundation (NSF) through Woods Hole Oceanographic
Institution (WHOI, USA), Royal Netherlands Institute for
Sea Research, Department of Coastal Systems (NIOZ),
National Marine Fisheries Service (NOAA Fisheries USA),
North Pacific Anadromous Fish Commission (NPAFC), North
Pacific Fisheries Commission (NPFC), North Pacific Re-
search Board (NPRB), Pelagic Freezer-trawler Association
(PFA), Scientific Committee on Oceanic Research (SCOR),
and the Marine Ingredients Organization (IFFO). Without
their generous support, the symposium and this Theme Sec-
tion of articles would not have been possible. We are also
grateful for the hard work of the other invited referees for
their critical comments that helped improve contributions
to the Theme Section. The collaboration of I.A.C. was sup-
ported by the Spanish Government through the framework
of the 'Maria de Maeztu Centre of Excellence' accredited to
the IMEDEA (CSIC-UIB) (CEX2021-001198).

LITERATURE CITED

]\(Alheit J, Peck MA (2019) Drivers of dynamics of small pela-
gic fish resources: biology, management and human fac-
tors. Mar Ecol Prog Ser 617-618:1—6

A Alheit J, Di Lorenzo E, Rykaczewski RR, Sundby S (eds)
(2019) Drivers of dynamics of small pelagic fish re-
sources: environmental control of long-term changes.
Deep Sea Res II (Special Issue) 159:1—3

] Berg F, Seljestad G, Folkvord A (2024) Growth of spring- and
autumn-spawned larvae of Atlantic herring Clupea haren-
gus: a long-term experiment mimicking seasonal light
conditions. Mar Ecol Prog Ser 741:203—216

] Bizzarro JJ, Dewitt L, Wells BK, Curtis KA, Santora JA, Field
JC (2023) A multi-predator trophic database for the Cali-
fornia Current Large Marine Ecosystem. Sci Data 10:496

] Checkley D, Alheit J, Oozeki Y, Roy C (2009) Climate
change and small pelagic fish. Cambridge University
Press, Cambridge

] Checkley DM, Asch RG, Rykaczewski RR (2017) Climate,
anchovy, and sardine. Annu Rev Mar Sci 9:469—493

Csirke J, Sharp GD (1984) Reports of the Expert Consulta-
tion to examine changes in abundance and species com-
position of neritic fish resources. San José, Costa Rica,
18—29 April 1983. A preparatory meeting for the FAO
World Conference on fisheries management and devel-
opment. FAO Fish Rep 291, Vol 1. www.fao.org/3/x6849e/

. Xx6849e00.htm

]‘1 Essington TE, Moriarty PE, Froehlich HE, Hodgson EE and
others (2015) Fishing amplifies forage fish population
collapses. Proc Natl Acad Sci USA 112:6648—6652

] FAO (Food and Agriculture Organization) (2022) The state
of world fisheries and aquaculture (2022) towards blue

transformation. FAO, Rome

A Ferreira ASA, Neuheimer AB (2024) Estimating a thermal
constant of spawning to explain spawning time of Pacific
herring Clupea pallasii across space and time. Mar Ecol
Prog Ser 741:237—-249

] Ferreira A, Brito AC, Costa JL, Brotas V, Teles-Machado A,

Garrido S (2024) Anchovy on the rise: investigating envi-
ronmental drivers of recruitment strength at the northern
Canary Current. Mar Ecol Prog Ser 741:315—330

] Fonseca P, Barata M, Castanho S, Pousao-Ferreira P, Garrido S
(2024) Effect of diet composition and temperature on the
gastric evacuation rate of European sardine: implication for
egg predation estimates. Mar Ecol Prog Ser 741:101—112

] Gaichas SK, Gartland J, Smith BE, Wood AD and others
(2024) Assessing small pelagic fish trends in space and
time using piscivore stomach contents. Can J Fish Aquat
Sci, doi:10.1139/cjfas-2023-0093

A Garrido S, Albo- -Puigserver M, Moyano M (2024) Larval
trophic ecology of small pelagic fishes: a review of recent
advances and pathways to fill remaining knowledge
gaps. Mar Ecol Prog Ser 741:127—143

] Gunther KM, Baker MR, Aydin KY (2024) Using predator
diets to infer forage fish distribution and assess responses
to climate variability in the eastern Bering Sea. Mar Ecol
Prog Ser 741:71—-99

] Jacobson KC, Marcogliese DJ, MacKenzie K (2024) Para-
sites of small pelagics reflect their role in marine ecosys-
tems. Mar Ecol Prog Ser 741:145—167

X Lujan C, Oliveros-Ramos R, Barrier N, Leadley P, Shin YJ
(2024) Key species and indicators revealed by an uncer-
tainty analysis of the marine ecosystem model OSMOSE.
Mar Ecol Prog Ser 741:29—46

] Maathuis MAM, Couperus B, van der Molen J, Poos JJ, Tulp
I, Sakinan S (2024) Resolving the variability in habitat use
by juvenile small pelagic fish in a major tidal system by
continuous echosounder measurements. Mar Ecol Prog

. Ser741:169—187

’,_\ Nishikawa H, Tsujino H, Nishikawa S, Nakayama S-I, Nakano
H, Sugiyama T, Ishikawa Y (2024) Long-term comparison
between the Japanese sardine Sardinops melanostictus
stock level and simulated zooplankton density around
the Kuroshio region. Mar Ecol Prog Ser 741:271—287

] Peck MA, Neuenfeldt S, Essington TE, Trenkel VM and
others (2014) Forage fish interactions: a symposium on
creating the tools for ecosystem-based management of

., arine resources. ICES J Mar Sci 71:1—4

N Peck MA, Alheit J, Bertrand A, Catalan IA and others (2021)
Small pelagic fish in the new millennium: a bottom-up
view of global research effort. Prog Oceanogr 191:102494

] Petitgas P, Alheit J, Peck MA, Raab K and others (2012)
Anchovy population expansion in the North Sea. Mar
Ecol Prog Ser 444:1—13

Pikitch E, Boersma PD, Boyd IL, Conover DO and others (2012)

Little fish, big impact: managing a crucial link in ocean food
webs. Lenfest Ocean Program, Washington, DC

] Pikitch EK, Rountos KJ, Essington TE, Santora C and others
(2014) The global contribution of forage fish to marine
fisheries and ecosystems. Fish Fish 15:43—64

] Rooper CN, Boldt JL, Cleary J, Peha M, Thompson M, Grin-
nell M (2024a) Evaluating factors affecting the distribu-
tion and timing of Pacific Herring Clupea pallasii spawn
in British Columbia. Mar Ecol Prog Ser 741:251—269

] Rooper CN, Boldt JL, Uriarte A, Hansen C, Gaichas S, Nash
R, Ward T (2024b) Small pelagic fish: new frontiers in
science for sustainable management. Can J Fish Aquat
Sci 81 (in press), doi:10.1139/cjfas-2024-0104

] Ruzicka J, Chiaverano L, Coll M, Garrido S and others (2024)
The role of small pelagic fish in diverse ecosystems:
knowledge gleaned from food-web models. Mar Ecol
Prog Ser 741:7—-27

Sharp GD, Csirke J (1983a) Proceedings of the Expert Con-


https://doi.org/10.3354/meps12985
https://doi.org/10.1016/j.dsr2.2018.12.005
https://doi.org/10.3354/meps14521
https://doi.org/10.1038/s41597-023-02399-2
https://doi.org/10.1017/CBO9780511596681
https://doi.org/10.1146/annurev-marine-122414-033819
https://doi.org/10.1073/pnas.1422020112
https://doi.org/10.4060/cc0461en
https://doi.org/10.3354/meps14569
https://doi.org/10.3354/meps14594
https://doi.org/10.3354/meps14445
https://doi.org/10.1139/cjfas-2023-0093
https://doi.org/10.3354/meps14513
https://doi.org/10.1139/cjfas-2024-0104
https://doi.org/10.3354/meps14274
https://doi.org/10.1111/faf.12004
https://doi.org/10.3354/meps09451
https://doi.org/10.1016/j.pocean.2020.102494
https://doi.org/10.1093/icesjms/fst174
https://doi.org/10.3354/meps14622
https://doi.org/10.3354/meps14368
https://doi.org/10.3354/meps14465
https://doi.org/10.3354/meps14529
https://doi.org/10.3354/meps14389
https://doi.org/10.3354/meps14543

6 Mar Ecol Prog Ser 741: 1—6, 2024

sultation to examine changes in abundance and species
of neritic fish resources. San José, Costa, Rica, 18—29 April
1983. A preparatory meeting for the FAO World Con-
ference on fisheries management and development.
FAO Fish Rep 291, Vol 2. www.fao.org/3/x6850b/X6850
B00.htm
Sharp GD, Csirke J (1983b) Proceedings of the Expert Con-
sultation to examine changes in abundance and species
of neritic fish resources. San José, Costa, Rica, 18—29 April
1983. A preparatory meeting for the FAO World Confer-
ence on fisheries management and development. FAO
. Fish Rep 291, Vol 3. www.fao.org/3/a-x6851b.pdf
N Takahashi M, Higuchi T, Shirai K, Ito Si, Yoda M (2024)
Interdecadal variabilities in growth and temperature tra-
jectories of Trachurus japonicus juveniles: 1960s—1970s
. vs2000s—2010s. Mar Ecol Prog Ser 741:301—313
N Teles-Machado A, Plecha SM, Peliz A, Garrido S (2024) Anom-
alous ocean currents and European anchovy dispersal in
the Iberian ecosystem. Mar Ecol Prog Ser 741:289—300

]\(Thorson JT (2023) dsem: fit dynamic structural equation
models, version 1.0.0. https://doi.org/10.5281/zenodo.
., 10304771
]" Thorvaldsen KG, Neuenfeldt S, Mariani P, Nielsen JR (2024)
Hiding in plain sight: predator avoidance behaviour of
mesopelagic Maurolicus muelleri during foraging. Mar
Ecol Prog Ser 741:189—202
van der Kooij J, McKeown N, Campanella F, Boyra G and
others (2024) Northward range expansion of Bay of Bis-
cay anchovy into the English Channel. Mar Ecol Prog Ser
. 741:217-236
N Verissimo A, Fonseca P, Garrido S (2024) Molecular barcod-
ing reveals patterns of egg predation in small pelagic
., fish. Mar Ecol Prog Ser 741:113—125
A Wells BK, Santora JA, Bizzarro JJ, Billings A and others
(2024) Trophoscapes of predatory fish reveal bio-
geographic structuring of spatial dietary overlap and
inform fisheries bycatch patterns. Mar Ecol Prog Ser
741:47—70


https://doi.org/10.3354/meps14557
https://doi.org/10.3354/meps14526
https://doi.org/10.5281/zenodo.10304771
https://doi.org/10.3354/meps14319
https://doi.org/10.3354/meps14498
https://doi.org/10.3354/meps14424



