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ORIGINAL ARTICLE

The diet of juvenile Atlantic mackerel (Scomber scombrus) feeding in new
northern nursery areas along the Norwegian coast
Vilde R. Bjørdala, Herdis L. Mørka, Kjell Rong Utnea, Anders Fernöb and Leif Nøttestada,b

aInstitute of Marine Research, Bergen, Norway; bDepartment of Biological Sciences, University of Bergen, Bergen, Norway

ABSTRACT
The North-east Atlantic mackerel stock size increased substantially from 2006–2014 coinciding
with high recruitment. This resulted in a pronounced northerly geographic expansion of
mackerel, followed by an influx of juvenile mackerel into Norwegian waters. The objective of
this work was to study the diet and feeding intensity of juvenile mackerel at the new
nursing grounds along the Norwegian coast during the summer. Juvenile mackerel were
feeding as far north as 70°N. Stomach content was analysed for the first time from co-
occurring juvenile and adult mackerel at the same locations. Almost 80% of all juvenile
mackerel had prey in their stomachs, and juveniles had similar stomach fullness as adult
mackerel in the same areas. The juveniles preyed on a wide variety of prey species and
seemed to utilize both passive filter feeding and active particulate feeding. The most
abundant prey group was Appendicularia, accounting for 31% of the stomach content by
weight. Juveniles fed on similar prey species as adults, but their diet niche differed
somewhat as adult mackerel fed more on krill. Juvenile mackerel can thus successfully
survive and feed on various prey in high latitudes and can potentially be a feeding
competitor to other planktivorous fish species in the area.
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Introduction

The North-east Atlantic (NEA) mackerel (Scomber scom-
brus) is an example of a highly dynamic migratory fish
species that has expanded its distributional range in
recent years (Nøttestad et al. 2016; Olafsdottir et al.
2019). This expansion has potential implications for
other species inhabiting the same niche through
increased inter-specific trophic interactions. We have
also witnessed new fishing opportunities for
fishermen from different countries targeting mackerel
due to this large-scale spatial expansion, as well as
new challenges for international managers in terms
of exploitation level and quota sharing (Spijkers and
Boonstra 2017; ICES 2022).

Adult mackerel make extensive long-distance
migrations between feeding, overwintering and
spawning areas (Nøttestad et al. 1999; Iversen 2002,
2004; Trenkel et al. 2014). During summer the Norwe-
gian Sea and adjacent waters serve as major feeding
grounds for adult individuals (Nøttestad et al. 2016;
Nøttestad, Diaz et al. 2016), while the traditional
nursing grounds have generally been found much
further south from the Bay of Biscay, west of Ireland

and into the North Sea (Jansen and Gislason 2013;
Jansen et al. 2015; ICES 2018), and the Skagerrak area
(Iversen 2004; ICES 2018; Jansen et al. 2019). Whereas
adult mackerel migrate out of northern areas during
winter when food availability is very low, juvenile
mackerel do not perform long-distance migrations
and are believed to be mostly stationary within rela-
tively limited areas (Jansen et al. 2015). There has
been an increase in observations and catches of 1-
year-old mackerel in the Norwegian Sea and along
the entire Norwegian coast since autumn 2016
(Nøttestad et al. 2018). This is far north of their tra-
ditional nursery area, and we have no information
about the feeding and diet of juveniles in this new
northern habitat. The longer winters with low light
levels in northern waters should prolong the period
with low food availability compared with the tra-
ditional nursing areas in more southern latitudes, but
the productive summers and prolonged days for
visual feeding in northern areas, including midnight
sun (Suthers and Sundby 1996), should on the other
hand be beneficial for juvenile mackerel. An increased
abundance of juvenile mackerel feeding along the

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-
nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or
built upon in any way.

CONTACT Kjell Rong Utne kjell.rong.utne@hi.no Nordnesgt 50, 5005 Bergen, Norway
Supplementary material for this article can be accessed online at https://doi.org/10.1080/17451000.2022.2147951.

MARINE BIOLOGY RESEARCH
2022, VOL. 18, NOS. 7–8, 415–425
https://doi.org/10.1080/17451000.2022.2147951

Published online 08 Dec 2022

http://crossmark.crossref.org/dialog/?doi=10.1080/17451000.2022.2147951&domain=pdf&date_stamp=2022-12-26
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:kjell.rong.utne@hi.no
https://doi.org/10.1080/17451000.2022.2147951
http://www.tandfonline.com/loi/smar20
http://www.tandfonline.com


Norwegian coast may however have an impact on the
coastal ecosystem, for instance due to increased pre-
dation on fish larvae in this region (Skaret et al.
2015). A northward expansion of juvenile NEA-mack-
erel may also be beneficial for the stock’s recruitment
as a larger nursery area may be more robust to fluctu-
ating conditions on local scales.

Adult mackerel feed on patchy and seasonally avail-
able prey. The diet depends to a large extent on avail-
ability (Prokopchuk and Sentyabov 2006; Langøy et al.
2012; Bachiller et al. 2016), and adult mackerel are
capable of preying on a wide range of prey species
including relatively large prey such as juvenile fish,
krill and amphipods (Langøy et al. 2012; Bachiller
et al. 2016; Kvaavik et al. 2019, 2021). According to
Trenkel et al. (2014) the feeding behaviour and diet
of the juveniles vary with geographic location, time
of day, and size of the individual. In the traditional
nursery areas juvenile mackerel are potential competi-
tors with other planktivorous pelagic species, as 1-
group mackerel are active predators on larger zoo-
plankton such as euphausiids and amphipods, cope-
pods, and smaller crustacean larvae (Olaso et al.
2005). The diet of juvenile mackerel in Norwegian
waters has not previously been studied, and the
number of studies addressing the diet of juvenile
mackerel are in general scarce.

The main objective of this work was to study the
stomach fullness and diet of juvenile mackerel in the
new nursing grounds far north along the Norwegian
coast during the summer feeding season. We also
made comparisons between juvenile and co-occurring
adult mackerel. We predicted that juvenile mackerel
consume a wide range of prey, but have a somewhat
different diet than adult mackerel, due to their lower
swimming speed and reduced hunting abilities. As
prey availability changes further north (Melle et al.
2004; ICES 2022), we further predicted that the diet
would change with increasing latitude. We finally
briefly discuss the ecological role of juvenile mackerel
within the coastal ecosystem off Norway.

Materials and methods

Surveys and biological sampling

Juvenile (1-year old) and adult (>1-year-old) mackerel
were sampled between 60°N and 70°N during the
summer 2018 (Figure 1). A total of 20 juveniles were
sampled at two stations during the Norwegian
Spring Spawning Herring (NSSH) post-larvae survey
on 17 and 23 June, and a total of 126 co-occurring
juveniles and 130 adults were sampled at the 13

stations during the International Ecosystem Summer
Survey in the Nordic Seas (IESSNS) from 4–14 July.
The sample size of juveniles ranged between 3 and
14 individuals (median 10 individuals). Both juvenile
and adult fish were sampled with the Multpelt 832
pelagic trawl (ICES 2013) with floats at the headline
and a vertical opening of 30–35 m towed with a
speed of 5 knots for 30 min in the surface. The
length and weight of all sampled mackerel were
measured on board the vessel. Otoliths were taken
out from each individual for age reading and prepared
with Entalan, and age determination were conducted
by counting the number of winter rings using a micro-
scope (ICES 2018). Two individuals from which no oto-
liths could be retrieved were 19 cm in length and
assumed to be 1-group mackerel, based on known
age-length relationship (ICES 2020). Juveniles were
defined as individuals aged 1 year and adult mackerel
as individuals aged 2 years or older, although 25–50%
of 2-year-old mackerel have not yet matured (ICES
2020). To minimize the digestion of stomach content
after capture, the stomachs were immediately
retrieved from the fish and frozen at sea for later ana-
lyses of the stomach content at the lab.

Diet analyses

The mackerel stomachs were opened, and the organ-
isms were identified to species level if possible, or to
highest possible taxonomic level otherwise (see
examples in Figure 2). In stomachs where only one
taxonomic group was found, the unidentifiable
digested material was grouped according to this taxo-
nomic rank. When the stomach content consisted of
multiple prey organisms from various taxonomic
groups which were difficult to separate, handle or
count, the proportion of each prey group in the
sample was estimated by subjective evaluation and
labelled as a percentage of the total mix. The sorted
prey items were dried for 24 h at 70°C, and the dry
weight was recorded.

Prey items that could only be identified as crus-
tacean organisms were sorted into the Crustacea cat-
egory. The taxonomic groups Isopoda and Cladocera
and larvae of other crustacean groups (Brachyuran
zoea larvae, cirrus larvae of Cirripedia), which were
only found as a couple of individuals in few stomachs
and accounted for less than 1% of the individual
stomach content weight, were grouped together and
labelled as ‘Other crustaceans’. The prey category
‘Other copepods’ included digested copepods that
could not be identified to species, as well as the
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three genus’ Microcalanus sp., Psaudocalanus sp. and
Temora sp.

The prey groups were grouped into the 10 main cat-
egories; Amphipoda, Appendicularia,Calanus finmarch-
icus, Crustacea, Digested, Euphausiacea, Limacina,
Other copepods, Other crustaceans and Teleostei. The
presence of any prey species belonging to each of the
10 categories were identified for individual mackerel
(Stomach occurrence). The proportion of each prey
group (Pprey) relative to the total stomach content (in
weight) was calculated for each station by summarizing
all individuals at a station. The feeding ratio (FR) is an
index of stomach fullness and was calculated with the
following equation:

FR = 100ms/(mf −ms)

where mf is the mass (g) of the mackerel and ms is the
mass (g) of the stomach content. The diet overlaps
between juvenile and adult mackerel were calculated
with Pianka’s index of niche overlap (Pianka 1974).

The index is given by:

O =
∑

pi, jpi,k
∑

p2i, j
∑

p2i,k

( )0.5

where O is the overlap index between the two species
in the range 0–1. pi, j and pi, k are the proportions of the
i-th prey group by weight in the diets of species j and
k, respectively. If O is 0 there is no diet overlap
between the two species, while a value of 1 means a
complete overlap. Partly overlapping diets are not
necessarily equal to niche overlap, as species using
resources independently of each other may still
utilize some of the same resources. To test whether
the species use the same resources more than what
is expected by chance, the overlap index was com-
pared with a null expectation (RA3 algorithm, 1000
repetitions) using the R-package EcoSimR (Gotelli
et al. 2015).

Figure 1. Trawl stations from the IESSNS survey and the NSSH post-larvae survey at which juvenile mackerel (1-year-old) were
sampled for diet analysis. Adult mackerel was also sampled at 12 of the 15 stations. Station name was based on the name of
the survey (IE = IESSNS and H = NSSH post-larvae survey) with circle size increasing with sample size. The red line at 62.5°N
marks the separation between the North Sea and the Norwegian Sea.
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Statistical analyses

A general linear mixed-effects model (GLMM) was used
to investigate if FR of juvenile mackerel sampled in July
changed with latitude, and a generalized additive
mixed-effect model (GAMM) was used to investigate
if FR of juvenile mackerel sampled in July changed
with distance from shoreland along the Norwegian
coast. Preliminary analyses did not indicate any non-
linear effects of latitude on FR, and a GAMM was there-
fore not necessary to explore the relationship between
latitude and FR. The GLMM/GAMM had FR as response
variable modelled with a negative binomial distri-
bution and the default log-link due to several comple-
tely empty stomachs (∼20%) and a skewed distribution
of FR values. Latitude and distance from sampling

station to nearest shoreline (km) were included as con-
tinuous fixed effects and station number as a random
effect. The number of splines applied for distance in
the GAMM were restricted to 5 to avoid overfitting of
the data. Model residuals were assumed to follow a
normal distribution with expected value 0 and var-
iance σ2, and the model performance were assessed
for homoscedasticity and normally distributed errors
visually using q–q plot and plotting residual variation
against the covariates. Furthermore, to test if FR of
juvenile mackerel deviated from FR of older mackerel
sampled at the same stations, another GLMM was
applied. The response variable was FR modelled with
a negative binomial distribution and a log-link, ‘juven-
ile or adult’ as a fixed effect and station number as a

Figure 2. Images of recorded prey items found during stomach analyses of juvenile mackerel. 1 and 2 – Fish larvae, 3 –
C. finmarchicus and Temora sp., 4 and 5 – digested prey, 6 – mix of Appenducularia and copepods, 7 and 8 – Euphausiids
(krill) and 9 – Appendicularia individuals.
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random effect. As the negative binomial distribution
requires discrete numbers, FR was multiplied with
100 and rounded to nearest discrete number before
being applied in the models. Model selection was
based on AIC scores and backward elimination of
model terms.

All maps and plots were created using the software R,
version 3.4.1 (R Development Core Team 2017) and R-
studio, version 1.0.153 (RStudio Team 2016) incorporat-
ing the packages ‘ggplot2’ (Wickham 2016), ‘ggmaps’
(Kahle andWickham2013) and ‘gridExtra’ (Auguie 2017).

Results

There was geographic variability in juvenile mackerel
FR along the Norwegian coast (Figure 3), but the varia-
bility was not significantly linearly related to latitude as
the final GLMM did not include this term (Table I).
There was however a significant effect of distance
from shoreline on FR, as estimated with a GAM, with
the highest stomach fullness for 1-year-old mackerel
around 20–50 nmi from the shoreline, and the lowest

stomach fullness furthest away from the shoreline
(Table I, Figure 4, model diagnostics in supplementary
figure 1). The feeding ratio (FR) for juveniles (min = 0,
median = 0.26, 1. Quartile = 0.03, 3. quartile = 0.57,
max = 1.68) and adults (min = 0, median = 0.13, 1. Quar-
tile = 0.04, 3. quartile = 0.36, max = 2.61) caught in the

Table I. Comparison of model fit for feeding ratio (FR).
Model AIC ΔAIC Ф

Only juvenile mackerel:
GLMM
FR ∼ α + β1*lati + bi*stai + Ɛ 1097.45 0.92 –
FR ∼ α + bi*stai + Ɛ 1096.53 0 0.675
GAMM
FR ∼ α + β1*disti + bi*stai + Ɛ 1105.11 0.00 –
FR ∼ α + bi*stai + Ɛ 1121.02 15.90 –
FR ∼ α + β1*disti + Ɛ 1105.11 0 0.585
Juvenile and adult mackerel (GLMM):
FR ∼ α + β1*Xi + bi*stai + Ɛ 2225.3 0.2 –
FR ∼ α + bi*stai + Ɛ 2225.1 0 0.823

Note: The best model according to the parsimony principle and its AIC-
score are displayed in bold. AIC – Akaike information criterion and
ΔAIC is the difference in AIC score compared with the best model, lat
– latitude, dist – distance to nearest shoreline, sta – station number
(random effect in the models), X – mackerel stage (juvenile or adult),
φ – dispersion parameter for the model.

Figure 3. Overview of mean feeding ratio of all juvenile individuals at each trawl station, where circle colour indicates feeding rate
value. Station name was based on the name of the survey (IE = IESSNS and H = NSSH post-larvae survey). The red line at 62.5°N
marks the separation between the North Sea and the Norwegian Sea.
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same areas did not show a significant difference, as the
final GLMM did not have stage (juvenile/adult)
included as a fixed effect (Table I).

Altogether 78% (n = 114) of the juvenile mackerel
stomachs contained prey items. Of the 15 taxonomic
ranks of prey identified, 12 belonged to various sub-
groups of crustaceans, two were within classes of Chor-
data, and one prey group was identified as the Mollusc
genus Limacina sp. The diet of juvenile mackerel was
not dominated by a specific prey group, as each of the
prey groups Appendicularia, ‘Other copepods’,

Crustacea spp., ‘Other crustaceans’ and Limacina sp.
made up 8–31% of the diet by weight (Figure 5). In
addition, 17.5% of the total diet in weight was the cat-
egory ‘digested’. Appendicularia contributed the most
to the total diet in weight (31%). This prey group
occurred in ∼1/3 of all stomachs (Figure 5). The two cat-
egories of copepods (‘Other copepods’ and
C. finmarchicus) occurred in 75%and 30%of all stomachs
(Figure 5) but only made up 12% and 1.2% of the diet in
weight, respectively. Fish larvae were present in
stomachs of juveniles at two trawl stations and contribu-
ted to 3.3% of the total stomach content weight.

Appendicularia were not consumed in large quan-
tities by juveniles at the southernmost stations but con-
tributed 20% or more to the total stomach content
weight at seven of nine stations north of 62°N (IE-5 and
onward) sampled in July (Figure 6). Stomachs from the
southernmost station (IE-1) was dominated by Cladocer-
ans (included in the group ‘Other crustaceans’). This prey
group was not found in the same quantities at any other
stations. The station at 69°N (H-2) was the only station
out of the total 15 stations where the juveniles had con-
siderable quantities (∼25%)offish larvae in the stomachs
(Figure 6). C. finmarchicus was only found in high
numbers at station IE-9, at 63.5°N. Prey items grouped
together as ‘Other copepods’were foundacrossmultiple
latitudes and consisted for themost part ofMicrocalanus
sp. in numbers, and non-identifiable/more digested
copepods in weight (Figure 6).

Juvenile and adult mackerel mainly fed on the same
prey organisms as Pianka’s overlap index was 0.73 (see

Figure 5. The percentage of individual stomachs containing each prey group relative to all stomachs (stomach occurrence), and
the contribution of each prey group in weight relative to the total stomach weight. The top panel is for juvenile individuals while
the bottom panel is for adults. The occurrence and relative prey weight was calculated separately for juvenile and adult mackerel.

Figure 4. The estimated relationship between feeding ratio
(FR) and distance from the shoreline for 1-year-old mackerel
along the Norwegian coast.
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underlying data presented in Figure 6), although they
did not have the same feeding niche (P = 0.117). Adult
mackerel fed more on Euphausiids than juvenile mack-
erel, with 33% and 4% of the total diet by weight,
respectively. For the remaining prey groups there
were only minor differences in total diet by weight
between juvenile and adult mackerel.

Discussion

This study investigates for the first time the diet of
juvenile mackerel at high latitudes during the
summer feeding season along the Norwegian coast,
far north of the traditional nursery grounds. This is
also the first time stomach content was analysed
from co-occurring juvenile and adult mackerel
caught at the same locations. A high proportion of
juvenile mackerel had prey in their stomachs, and
the juveniles had as high relative stomach fullness
(feeding ratio) as adult mackerel caught in the same
areas. A wide assortment of zooplankton groups that
varied with latitude were consumed both by juveniles
and adults. This demonstrates that juvenile mackerel
far north in the North-east Atlantic can locate and suc-
cessfully feed on various prey.

This study is based on relatively few samples, but it
should be enough to draw the general conclusion that
the region along the extensive Norwegian coast serves
as an adequate feeding ground for juvenile mackerel.
However, the spatial differences found should be inter-
preted with care.

Visual stomach content analyses, as used in this
study, provide a snapshot of the weight composition
of the stomach content. Furthermore, if the consumed
prey is not too digested, this method can provide infor-
mation on weight and size/stages of individual prey,
compared with using occurrence-based methods.
One weakness with the visual stomach content
method is that digestion times vary for different prey
groups, and that the method only gives a snapshot of
the diet which may not be representative for a longer
time period. Furthermore, the samples presented in
this study were taken within a short time period in
late June/July, and the diet composition and mackerel
stomach fullness may change rapidly during the
summer and autumn. The method has nevertheless
been used in several diet studies from the Norwegian
Sea (Dalpadado et al. 2000; Prokopchuk and Sentyabov
2006; Langøy et al. 2012; Skaret et al. 2015; Bachiller
et al. 2016). We have used the term ‘feeding behaviour’,
but it is important to realize that the stomach contents
just provide a snapshot of what the fish ate prior to
sampling, and not ‘how’ they are feeding. A relatively
large copepod such as C. finmarchicusmay presumably
be eaten both by filter feeding and active feeding. To
get a better description of the food web in that ecosys-
tem and potential inter- and intraspecific trophic inter-
actions future studies could apply a multi-proxy
approach combining stomach content characterization
with isotope analyses (Jennings et al. 2002) and genetic
analysis (e.g. DNA-metabarcoding; Allan et al. 2021;
Günther et al. 2021).

Figure 6. Diet composition in percentage at each station, separated by the cruise on which the individuals were sampled. The
bottom panel is for juvenile mackerel while the top panel is for adult mackerel. Order of the stations for each survey is by increas-
ing latitude with locations mapped in Figures 1 and 3. The two last stations, H-1-2 were sampled in June during the NSSH post-
larvae survey, while all other stations IE-1-13 were sampled in July during the IESSNS.
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Plankton sampling related to food availability is
available from survey reports, time series from ICES
reports and previous publications (Langøy et al. 2012;
Nøttestad, Diaz et al. 2016; Ólafsdóttir et al. 2018;
ICES 2022). The geographic distribution of zooplank-
ton standing biomass, as measured from WP2 net
hauls with 180 µm mesh size from 0–200 m depth, is
not correlated to mackerel abundance (Langøy et al.
2012; Olafsdottir et al. 2019). Furthermore, results
obtained from WP2 nets most probably underestimate
larger zooplankton such as krill and amphipods due to
its small sampling diameter (Melle et al. 2004). This
study has not attempted to directly link mackerel
stomach content to prey availability due to the
above-mentioned reasons and few sampled stations
of zooplankton along the coast in the study presented
here.

Since we catch both juvenile and adult mackerel in
the same trawl hauls and thus in the same areas along
the coast, this may suggest some food competition
between juveniles and adults in these areas. There
was considerable diet overlap between juvenile and
adult mackerel in our study, but our results also
suggest an opportunistic feeding behaviour and diet
plasticity for both juvenile and adult mackerel, which
may reduce the direct prey competition along the Nor-
wegian coast. Juveniles furthest away from the shore-
line had significantly lower FR, although the analyses
are sensitive to the few stations in the dataset. This
finding may be due to food availability as well as com-
petition with adult mackerel. Adult mackerel predomi-
nantly feed further offshore in the Norwegian Sea
(Prokopchuk and Sentyabov 2006; Langøy et al. 2012;
Nøttestad, Diaz et al. 2016), which will limit the direct
intraspecific feeding competition along the coast
during the summer.

Stomach fullness and diet composition

Juvenile and co-occurring adult mackerel did not have
significantly different feeding ratios. The variability in
feeding ratio of the juveniles was not related to lati-
tude, and the juveniles seemed to feed as successfully
at the northernmost stations as further south in the
North Sea.

As predicted, juvenile mackerel along the Norwe-
gian coast feed on similar prey groups as co-occurring
adult mackerel. The precocious digestive system could
allow the juveniles to feed on prey items that also are
preferred by adult mackerel (Prokopchuk and Sentya-
bov 2006; Langøy et al. 2012; Jansen 2016). However,
krill were a more important prey for the adults, result-
ing in different diet niches. The diet of juveniles from

our study seems to be different from the diet of juven-
iles in the traditional nursery areas around the British
Isles and within the North Sea basin (Jansen 2016).
Juveniles from the traditional nursery areas in the Can-
tabrian Sea fed primarily on euphasiids, hyperiid
amphipods, decapod larvae and copepods (Olaso
et al. 2005), while juveniles in the new northern
nursery areas mostly feed on Appendicularia, various
Crustaceans and copepods. The difference in diet for
juvenile mackerel at the traditional and new northern
nursery area is most likely due to spatial differences
in prey availability, although temporal differences in
sampling may also have impacted the results.

The occurrence of the calanoid copepod species
Calanus finmarchicus in the stomachs of the juveniles
was low when considering it is the most common
and preferred prey of adult mackerel in other studies
(Prokopchuk and Sentyabov 2006; Langøy et al. 2012;
Bachiller et al. 2016), as well as its role as a key prey
potentially regulating juvenile survival in the tra-
ditional nursery areas (Jansen 2016). In our study,
C. finmarchicus only accounted for 1.2% of the total
stomach content weight. Some C. finmarchicus individ-
uals in early copepodite stages may have beenmisclas-
sified as Pseudocalanus, and if the digested copepods
could have been identified to species, it is likely that
the total weight and number of C. finmarchicus
found in the juvenile stomachs would be higher.
Juveniles fed on C. finmarchicus and one or more indi-
viduals were present in ∼30% of the stomachs. These
findings indicate that there were low concentrations
of C. finmarchicus where the juveniles were caught,
which is supported by the low biomass of this prey
species in adult mackerel stomachs from the same
areas (Figure 6). The first seasonal bloom of
C. finmarchicus had likely occurred earlier with the
onset of the second seasonal bloom occurring later,
resulting in a low abundance of this prey during late
June through mid-July (see also Melle et al. 2004).

As predicted, the diet of juvenile mackerel changed
with increasing latitude. For instance, Appendicularia
that contributed to 20% or more to the total
stomach content weight at most stations north of
62°N was considerably less frequent at the southern-
most stations.

Feeding strategy

Mackerel is predominantly a visual predator potentially
feeding during all hours of the day at high northern
latitudes during summer with the midnight sun likely
being highly beneficial for both juvenile and adult
mackerel. As there were many types of prey in the
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stomachs and the composition varied between
stations and across latitudes the results presented in
this study indicate that both juveniles and adults
seem to be opportunistic when selecting prey and to
have a kind of an ‘eat-what-is-present’ behaviour.
The sizes of the prey across all stations ranged
between 1 mm (Microcalanus sp. and Temora sp.)
and 3–4 cm (krill and fish larvae) (Melle et al. 2004).
Thus, juveniles along the Norwegian coast seem to
switch between passive filtering of smaller plankton
through the gill rakes and active feeding on larger
prey types in the same way as adults (Bachiller et al.
2016; Kvaavik et al. 2019, 2021).

Ecological consequences of the shifts in juvenile
distribution

The ecological effects of the northern expansion of
juvenile mackerel are yet unknown. Mackerel is a fast
swimming, schooling species that feeds with high
intensity (Iversen 2004; Nøttestad, Diaz et al. 2016),
and increasing numbers of juvenile mackerel along
the coast creating an additional predation pressure
on the zooplankton community may affect species
feeding on plankton through increased interspecific
competition (Huse et al. 2012). The results presented
in this study showed that juvenile mackerel along
the Norwegian coast prey on species that are also
exploited by adult mackerel. Juvenile mackerel can
thus successfully survive and feed on various prey in
high latitudes and can potentially be a feeding compe-
titor to other planktivorous fish species in the area,
such as Norwegian spring-spawning herring (Langøy
et al. 2012). Density-dependent growth has been docu-
mented for mackerel in the North-east Atlantic and
with increasing mackerel abundance after year 2003
the length and weight at age decreased gradually for
adult mackerel (Olafsdottir et al. 2016). This density-
dependent growth suggests that mackerel can
deplete the abundance of their main prey at least on
a local scale. Overall, there has been a reduction of zoo-
plankton (mainly C. finmarchicus) along the Norwegian
coast since 2004 (Dupont et al. 2017; Toresen et al.
2019). Reduced zooplankton abundance in general,
and the presence of juvenile mackerel along the Nor-
wegian coast during the summer increase the prob-
ability of competition for prey within the mackerel
stock along the Norwegian coast. However, adult
mackerel predominantly feed further offshore in the
Norwegian Sea (Nøttestad et al. 2016). Hence, adult
mackerel have the possibility to focus their feeding
in offshore areas if the competition for prey is too
high in coastal waters.

Fish larvae in the stomachs of juvenile mackerel
demonstrates that juveniles along the Norwegian
coast also target on this type of prey. However, only
6% of the sampled stomachs contained fish larvae,
and fish larvae only accounted for 3.3% of the total
stomach content weight. The consumed fish larvae
are assumed to be herring larvae. Adult mackerel
have been found to feed opportunistically on herring
larvae (Skaret et al. 2015), and this could also be the
case for juvenile mackerel, as their distribution
during spring and early summer along the Norwegian
coast overlaps with the distribution of herring larvae
drifting northwards (Dragesund et al. 1997). Predation
on herring larvae by juvenile mackerel along the Nor-
wegian coast is at present not likely to affect the
total herring population but may have local and
regional effects (Skaret et al. 2015).

If an increasing number of adult mackerel make
more use of Norwegian waters also as spawning
areas, and the nursery areas continue to advance
northwards, the impact on local fjord and coastal eco-
systems by juvenile mackerel will increase in the
future. There is probably no such thing as the
‘optimum’ conditions, rather ‘acceptable’ conditions,
but given that both the spawning and feeding of
adult mackerel has expanded and shifted to the
north, it may be expected that eggs, larvae and juven-
iles to a larger extent will stay, survive and feed in more
northern waters throughout the year. To further under-
stand the ecological role of juvenile mackerel, the use
of newly developed methods such as isotope analyses
and DNA metabarcoding can be helpful to determine
the effects of egg and/or larvae predation and poten-
tial inter- and intraspecific trophic interactions.
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