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Abstract

Northeast Arctic cod, saithe and haddock are among the most important fisheries resources in
Europe, largely shipped to various continental markets. The present study aimed to map the
presence and distribution of larvae of parasitic nematodes in the Anisakidae family which are
of socioeconomic and public health concern. Fishes were sourced from commercial catches
during winter or spring in the southern Barents Sea. Samples of fish were inspected for nema-
todes using the UV-press method while anisakid species identification relied on sequencing of
the mtDNA cox2 gene. Anisakis simplex (s.s.) was the most prevalent and abundant anisakid
recorded, occurring at high infection levels in the viscera and flesh of cod and saithe, while
being less abundant in haddock. Contracaecum osculatum (sl.) larvae, not found in the
fish flesh, showed moderate-to-high prevalence in saithe, haddock and cod, respectively.
Most Pseudoterranova spp. larvae occurred at low-to-moderate prevalence, and low abun-
dance, in the viscera (Pseudoterranova bulbosa) and flesh (Pseudoterranova decipiens (s.s.)
and Pseudoterranova krabbei) of cod, only 2 P. decipiens (s.s.) appeared in the flesh of saithe.
Body length was the single most important host-related factor to predict overall abundance of
anisakid larvae in the fish species. The spatial distribution of Anisakis larvae in the fish flesh
showed much higher abundances in the belly flaps than in the dorsal fillet parts. Trimming of
the flesh by removing the belly flaps would reduce larval presence in the fillets of these gadid
fish species by 86-91%.

Introduction

Atlantic cod (Gadus morhua L.), saithe (Pollachius virens L.) and haddock (Melanogrammus
aeglefinus L.) are among the commercially most important fish species in European waters. All
3 consist of different stocks, with the Northeast Arctic (NEA) component of each forming the
basis for rich fisheries in the Barents Sea region. For example, approximately 375 k tonnes of
NEA cod, 190 k tonnes of NEA saithe and 100 k tonnes of NEA haddock landed in Norway in
2021, which together represented more than 10'° Norwegian kroner (NOK) in catch value. In
fact, the value of catch of these 3 gadids alone was higher than the catch value of all the other
commercial fish species combined (9.95'° NOK) in 2021 (Directorate of Fisheries, 2022). Fish
belonging to these Arctic stocks live as juveniles and/or adults in the oceanic parts of the
Barents Sea, while they migrate closer to the coast to spawn in winter or spring (Olsen
et al.,, 2010). Members of the NEA cod stock, called ‘skrei’ (from Norse skreid, meaning to
walk or move) in Norwegian, differ genetically as well as in feeding and spawning behaviour
from the local, more stationary coastal cod stock(s) in northern Norway (Skarstein et al.,
2007). The abundance of ‘skrei” has increased considerably in recent years, due to a combin-
ation of favourable climatic conditions and good management practices (Kjesbu et al., 2014).

Although the larvae of anisakid nematodes commonly occur in many commercially
important fish species from the NE Atlantic (Mattiucci et al., 2017; Levsen et al., 2018), infor-
mation is scarce about the occurrence of this group of parasites in Arctic stocks of Atlantic
cod, saithe and haddock. The first to report on nematode/anisakid parasites of Atlantic cod
in the Barents Sea was Kahl (1939). More recently, several studies addressed specific aspects
of anisakid nematode infections in Atlantic cod from the Barents Sea (Platt, 1975;
Aspholm, 1995; Hemmingsen et al, 2000; Smith and Hemmingsen, 2003; Sobecka et al.,
2011; Gay et al., 2018; Najda et al., 2018; Bao et al., 2020), a single study addressing haddock
(Pierce et al., 2018), while reports on anisakid infections in NEA saithe appear to be absent.
Beside the potential of anisakids to negatively affect fish product quality and consumer percep-
tion, several species of the genera Anisakis, Contracaecum and Pseudoterranova are zoonotic
due to their ability to cause anisakidosis, i.e. direct human infection and/or allergic responses,
after consumption of raw or only lightly processed fish (see reviews by Audicana and Kennedy,
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2008; Buchmann and Mehrdana, 2016; Mattiucci et al., 2017; Bao
et al., 2019). Anisakids have complex life cycles which generally
involve cetaceans (mainly for Anisakis) and pinnipeds (mainly
for Contracaecum and Pseudoterranova) as definitive hosts, fish
(and squid for Anisakis) as paratenic hosts, while planktonic or
semi-planktonic crustaceans act as intermediate or paratenic
hosts (see review by Mattiucci et al., 2017). Most catches of
NEA cod, saithe and haddock are shipped to various European
export destinations where especially fresh cod has repeatedly
received attention due to findings of nematodes in the products
(Mercken et al., 2020, 2021; Bao et al., 2021). Thus, updated infor-
mation on the presence and site distribution of anisakid larvae
could contribute to better assess and manage the risk inflicted
by the occurrence of nematodes in these valuable fish resources.

Aim of the study

The present study aimed to investigate species diversity and spa-
tial distribution of anisakid nematodes in Arctic stocks of Atlantic
cod, saithe and haddock, sampled during periods of spawning or
feeding migrations in the southern Barents Sea. The study focused
on anisakids as potentially zoonotic nematodes whereas the presence
of the quality reducing raphidascaridid species Hysterothylacium
aduncum in basically the same fish host samples was covered in
another recent investigation (Bao et al, 2021). The present data
were analysed with respect to assumably important infection drivers
as well as differences and variability of preferred infection sites of
actual anisakids in the fish host species.

Material and methods

Gadoids comprising 77 cod, 59 saithe and 60 haddock were
caught by local fishermen at ‘Helmseoybanken’ (approximately
71°N 25°E) off West-Finnmark, Norway, during winter or spring
2019 using Danish seine or long-line. The catching localities and
catching dates per fish species are shown in Fig. 1. Fishes were fro-
zen shortly after capture and sent to our laboratory for parasito-
logical inspection (see below).

Fish host biometrics

After thawing, each fish was measured (total body length - TL in
mm) and weighed (total body weight - TW in g). Additionally,
liver weight (in g) was recorded of each host species and sam-
pling. Subsequently, the hepatosomatic index (HSI) was calcu-
lated: 100 x liver weight/total body weight. Details on sample
size per catching locality and date, as well as fish biometrics
including HSI, are shown in Table 1. Differences in host biometric
parameters such as TL, TW and HSI between sampling months of
each fish species were assessed by t-tests after log-transforming
the data.

Parasitological inspection and anisakid species identification

Fishes were slit open followed by gross visual inspection of the
internal organs including mesenteries and peritoneum. Stomach
contents were recorded when possible. After filleting, both viscera
and each flesh side were placed separately in transparent plastic
bags for anisakid inspection by using the UV-press method
(ISO 23036-1:2021). In brief, each bag containing flesh sides or
viscera was flattened to 2-3 mm thin layers in a hydraulic pressing
device for 3-4s at 10-12 bar, followed by inspection for
nematodes under a 366 nm UV-light source equipped with both
up- and down-light. In initially frozen fish tissues, any anisakid
nematodes present emerge as brightly fluorescent spots, coils or
threads when exposed to UV-light. The method further allows
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to assess the approximate larval infection site in both the fish
flesh and viscera (Levsen et al., 2018), and even facilitates to
grossly distinguish between larvae of Anisakis, Contracaecum
and Pseudoterranova species based on differences in brightness,
colour and shade of fluorescence (Bao et al., 2021). Whenever
genus assignment was uncertain, microscopic morphological ana-
lysis of anisakid larvae was conducted to verify the genera diag-
nostic characters, i.e. position of the excretory pore relative to
boring tooth and nerve ring, shape and length of ventricle, pres-
ence/absence of intestinal caecum, ventricular appendix, terminal
mucron or cuticle ornamentation (see Berland, 1961, 1989). After
assignment to genus, worms were frozen before further analyses.
Genetic identification was performed on a subsample of 240
randomly selected nematodes comprising specimens of Anisakis
spp.. Pseudoterranova spp. and Contracaecum spp. obtained
from different tissues of the present host species. DNA was
extracted using DNeasy Blood & Tissue kits (Qiagen, Hilden,
Germany) following the manufacturer’s instructions. The mito-
chondrial cytochrome ¢ oxidase subunit II (cox2) gene was amp-
lified using the primers 211F (5-TTTTCTAGTTATATAGA
TTGRTTTYAT-3) and 210R (5-CACCAACTCTTAAAATT
ATC-3') (Nadler and Hudspeth, 2000). Polymerase chain reaction
(PCR) was carried out by basically following the procedures as
outlined by Mattiucci et al. (2014). PCR reactions were subjected
to the following conditions: 94°C for 5 min, followed by 35 cycles
at 94°C for 30s, 55°C for 60s, 72°C for 90s, followed by post-
amplification at 72°C for 10 min. Purification and sequencing of
PCR products were carried out by Eurofins (Cologne, Germany)
using the same primers as those for the amplification.
Sequences were assembled using ChromasPro 2.1.5 software
(Technelysium Pty Ltd., Tewantin, Australia), edited and trimmed
with BioEdit v7.0.5.3, and analysed in GenBank database (BLAST,
http://www.ncbi.nlm.nih.gov/BLAST).

Anisakid infection data analysis

To check for differences in the prevalence of anisakid larvae
between sampling months of each host species, Fisher’s exact test
was applied, while Spearman’s rank tests were run to analyse the
relationships between host body size (TL) and the abundance of
anisakid larvae in overall infections and, whenever relevant, separ-
ately for Anisakis or Contracaecum species larvae in various infec-
tion sites. To assess the effect of fish host length (TL), host sex and
sampling month on the abundance of anisakid larvae in total, in
the viscera and in the flesh, separately for Amisakis sp. and
Anisakis, Contracaecum and Pseudoterranova species combined
(Pseudoterranova sp. only for cod), generalized linear model
(GLM) procedures were run. In the models, sampling month and
host sex were treated as grouping factors while fish body length
(TL) was used as a continuous predictor. Fish length and abun-
dance data (N) were log-transformed [Log (N + 1)] prior to ana-
lyses to fit a normal log-link distribution. The goodness of fit of
each model was deemed good if the ratio deviance/df was <1.
The significance of the contributions of TL, host sex and sampling
month on the effect on larval abundance was assessed with likeli-
hood type III tests. Host body weight (TW) was not included as
a factor in the models since it may be strongly influenced by short-
term changes in gonad and liver weight during periods of spawning
or feeding, especially in NEA cod where the combined gonad-liver
weight reached up to 32% of the TW in the present samples of
February but declined to 1.5% in March. Finally, Kruskal-Wallis
analysis of variance followed by 2-tailed comparison of significance
(P values), or Wilcoxon matched pairs test, was run to compare
anisakid abundances between samplings of fish, both per species
and comparatively between them. Due to generally high anisakid
prevalence in the present fish samples, especially for Anisakis
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Fig. 1. Catching locality of NE Arctic cod, NE Arctic saithe and NE Arctic haddock in the southern Barents Sea.

and Contracaecum species, we decided to use abundance as abso-
lute infection descriptor since, by definition, abundance and inten-
sity are equal at 100% prevalence (see Bush et al, 1997). All
statistical analyses including data exploration and modelling were
performed in STATISTICA v13.4 (TIBCO Software Inc.).

Results
Parasite identification

In total, 16 306 anisakid nematode larvae were detected in the pre-
sent cod samples. According to morphology as well as brightness,
colour and shade of fluorescence under UV light, 9526 larvae were
morphologically assigned to Anisakis, 102 to Pseudoterranova and
6678 to Contracaecum. In saithe, 9794 anisakid larvae were
detected and assigned to Anisakis (n=7669), Pseudoterranova
(n=2) and Contracaecum (n=2123). In haddock, 2137 anisakid
larvae were recorded and assigned to Anisakis (n=1774) and
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Contracaecum (n=363). No Pseudoterranova larvae were found
in the present haddock samples.

One hundred and forty (140) mtDNA cox2 nucleotide gene
sequences (571 bp) obtained from larvae morphologically assigned
to Anisakis matched >99% with a sequence of Anisakis simplex
(s.s.) from North Sea herring (GenBank accession no. KY595220).
Out of the 39 larvae morphologically assigned to Pseudoterranova,
13 matched >99% with a sequence of Pseudoterranova decipiens
sensu stricto (GenBank accession no. MT347695), 6 matched at
98.8% with a sequence of Pseudoterranova krabbei (GenBank
accession no. HM147279) and 20 matched at 98.5% with a sequence
of Pseudoterranova bulbosa (GenBank accession no. HM147280).
The mtDNA cox2 sequences obtained from 60 larvae morpho-
logically assigned to Contracaecum matched at 98.6% with a
sequence of Contracaecum osculatum sp. B (GenBank accession
no. MT448514), while only a single larva matched with a
sequence of C. osculatum sp. A (GenBank accession no.
EU477203).


https://doi.org/10.1017/S0031182022001305

Parasitology

1945

Table 1. Biometric data of NE Arctic cod, NE Arctic saithe and NE Arctic haddock including hepatosomatic index (HSI) and sex ratio, by sampling date

Fish host species

Atlantic cod

Sampling date

Early February 2019

Mid-March 2019

Late May 2019

Sample size (N)

18

32

27

Body length (mm)

1010 + 58 (880-1080)

775 £ 66 (630-930)

671 +70 (500-780)

Body weight (g)

10024 + 1899 (7240-13700)

4438 + 1310 (2149-8900)

2419 + 714 (930-3460)

HSI

102+2.4 (6.4-13.4)

6.3+1.5 (2.6-9.2)

3.8+1.7 (1.0-7.7)

Sex ratio 3/Q

5/13

11/21

13/14

Saithe

Early April 2019

Late May 2019

Sample size (N)

30

29

Body length (mm)

528+ 48 (415-610)

605 + 62 (440-740)

Body weight (g)

1570 + 415 (750-2400)

2058 + 631 (910-3530)

HSI

9.7+1.3 (7.2-13.1)

8.1+2.2 (3.4-11.8)

Sex ratio 3/Q

9/21

14/15

Haddock

Early April 2019

Late May 2019

Sample size (N)

30

30

Body length (mm)

513 +49 (420-630)

540 + 65 (415-640)

Body weight (g) 1361 +441(780-2772) 1375 + 451 (600-2320)
HSI 48+1.0 (3.4-6.9) 2.3+0.8 (1.2-4.5)
Sex ratio 3/ 8/22 19/11

Body length, body weight and HSI are given as mean £s.0. (range).

Anisakis simplex (s.s.) larvae occurred in the flesh and visceral
organs (liver, pyloric caeca, gonads and around the digestive tract)
of all fish species examined. Pseudoterranova decipiens (s.s.) lar-
vae were found exclusively in the muscle tissue of cod and saithe.
Pseudoterranova krabbei larvae were recovered only from the
muscle tissue of cod whereas P. bulbosa larvae were found
between the pyloric caeca and in/on the liver of the same fish spe-
cies. Practically all C. osculatum sp. B larvae occurred around the
pyloric caeca of the 3 fish species, whereas the single specimen of
C. osculatum sp. A was recovered from the pyloric caeca of haddock.

Two mtDNA cox2 sequences obtained per anisakid species
were deposited in GenBank, under accession numbers:
OP418109 and OP418110 [A. simplex (s.s.)], OP418116 and
OP418117 [P. decipiens (s.s.)], OP418118 and OP418119 (P. krab-
bei), OP418114 and OP418115 (P. bulbosa), OP418112 and
OP418113 (C. osculatum sp. B), and OP418111 (C. osculatum
sp. A).

Fish host characteristics

In NEA cod, mean body size varied significantly between sam-
pling months, i.e. both total length and weight were significantly
different in all 3 sampling months (#-tests, P <0.001), with the
fish sampled in February being by far biggest, barely overlapping
in size with the samples of March and May. There was a strongly
significant linear length-weight relationship in cod for all 3 sam-
pling months combined (r=0.96, P <0.0001). Additionally, the
HSI varied significantly between sampling months (t-tests, P <
0.001), with cod sampled in February reaching by far the highest
value (Table 1).

As for cod, there was a strong linear relationship between total
body length and weight of saithe for all samplings combined (r =
0.91, P<0.0001).

NEA haddock showed nearly equal body size distribution
across the 2 samplings, including TL and TW (Table 1). The
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HSI was the only fish size-related parameter that differed signifi-
cantly between the samples of April and May (t-test, P <0.001).
As for cod and saithe, there was a strongly significant linear
length-weight relationship in the 2 haddock samples (r=0.91,
P <0.0001). Comparatively across all host species and samplings,
haddock had a lower HSI than cod and saithe (P <0.001).

Anisakid infection characteristics

NEA cod
The main anisakid infection descriptors per infection site
and sampling month are shown in Table 2. The prevalence of
A. simplex (s.s.) and C. osculatum (sl.) larvae was total (100%)
in the viscera of cod in all samples and even reached >90% for
A. simplex (s.s.) in the fish flesh. The overall prevalence of
Pseudoterranova spp. varied significantly between the cod sam-
ples of February and May while the prevalence of these larvae
in the cod flesh [P. decipiens (s.s.) and P. krabbei], being unin-
fected in February, did not differ significantly between the sam-
ples of March and May. In pooled samples covering all 3
sampling months, there was a significantly positive correlation
between cod body length (TL) and overall A. simplex (s.s.) abun-
dance (N larvae in both viscera and flesh; r=0.64, P<0.001). A
similar correlation was found between TL and overall abundance
of all 3 larval anisakids combined [A. simplex (s.s.), C. osculatum
(sl) and Pseudoterranova spp.; r=0.67, P<0.001] (Fig. 2).
However, there was no clear relationship between cod TL and
abundance of A. simplex (s.s.) larvae in the fish flesh in either
month, except of May where these variables were only weakly cor-
related (r=0.44, P <0.029). Another significantly positive rela-
tionship was found between the abundance of A. simplex (s.s.)
larvae in the viscera and flesh (r=0.56, P <0.001) (Fig. 3).

The results of the GLM modelling of larval anisakid abun-
dance are shown in Table 3. The modelling revealed that TL
had by far the strongest effect on A. simplex (s.s.) abundance in
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Table 2. Prevalence, mean abundance and abundance range of anisakid nematode species from NE Arctic cod (A), NE Arctic saithe (B) and NE Arctic haddock (C), per infection site and sampling month.

961

A. NE Arctic cod Anisakis simplex (s.s.) Contracaecum osculatum (s.l.) Pseudoterranova spp.

ssaud Aisianun abpliquied Aq auluo paysiignd S0€ L00220Z8L LE00S/Z 101 0L/B10"10p//:sdny

Infection parameters Site February March May All months February March May All months February March May All months
Prevalence (%) Flesh 94.4 100 92.6 96.1 0 0 0 0 0 25.0 37.0 234
Viscera 100 100 100 100 100 100 100 100 16.7 15.6 22.2 18.2
Total 100 100 100 100 100 100 100 100 16.7 34.4 55.6 37.7
Abundance (mean +s.p.) Flesh 12+10 13+£10 15+18 13.5+£13 0 0 0 0 0 09+23 16+3.2 0.9+2.5
Viscera 190+ 75 8348 90 £ 87 110+ 82 179+ 114 67 £55 52+43 88 + 86 0.4+0.9 05+1.2 0.3+0.7 04x1.0
Total 201 +82 96 +53 105 + 102 124 +90 179+ 114 67 +55 52+43 88+ 86 0.4+0.9 14+28 19+33 1327
Abundance range Flesh 0-39 2-39 0-78 0-78 0 0 0 0 0 0-10 0-14 0-14
Viscera 83-395 14-196 1-338 1-395 13-421 5-190 2-165 2-421 0-3 0-4 0-3 0-4
Total 88-424 21-205 2-379 2-424 13-421 5-190 2-165 2-421 0-3 0-11 0-14 0-14
B. NE Arctic saithe Anisakis simplex (s.s.) Contracaecum osculatum (s.l.)
Infection parameters Site April May All months April May All months
Prevalence (%) Flesh 100 100 100 0 0 0
Viscera 100 100 100 100 100 100
Total 100 100 100 100 100 100
Abundance (mean +s.p.) Flesh 155+12 20+15.5 18+14 0 0 0
Viscera 91+51 135+82 112+71 38+21 34+20.5 36+21
Total 106 +60 155+90 130+79.5 38+21 34+20.5 36+21
Abundance range Flesh 2-61 1-72 1-72 0 0 0
Viscera 22-199 22-354 22-354 9-87 5-109 5-109
Total 25-260 24-393 24-393 9-87 5-109 5-109
C. NE Arctic haddock Anisakis simplex (s.s.) Contracaecum osculatum (s.l.)
Infection parameters Site April May All months April May All months
Prevalence (%) Flesh 76.7 66.7 1.7 0 0 0
Viscera 100 96.7 98.3 80.0 86.7 83.3
Total 100 96.7 98.3 80.0 86.7 83.3
Abundance (mean +s.0.) Flesh 23+25 1.8+26 2.0+25 0 0 0
Viscera 245+16 31+24 27.5+20.5 7.1+£7.5 5.0+4.8 6.1+6.3
Total 27+17 33+25 29.5+21.5 7.1+£7.5 5.0+£4.8 6.1£6.3
Abundance range Flesh 0-11 0-12 0-12 0 0 0
Viscera 3-76 0-90 0-90 0-30 0-23 0-30
Total 4-83 0-96 0-96 0-30 0-23 0-30
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Fig. 2. Overall abundance of A. simplex (s.s.) and A. simplex (s.s.), C. osculatum (s.l.) and Pseudoterranova spp. larvae combined, in NE Arctic cod as a function of fish
total length (TL) (data were log-transformed).
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Fig. 3. Relationship between abundance of A. simplex (s.s.) larvae in the viscera and in the flesh of NE Arctic cod (data were log-transformed).

the models for overall abundance (P <0.001) and abundance in
the viscera of cod (P<0.001) but was very weak for larval
abundance in the flesh (P <0.042). Sampling month was shown
to be only a weak predictor of A. simplex (s.s.) abundance in

https://doi.org/10.1017/S0031182022001305 Published online by Cambridge University Press

the models for overall infection (P = 0.034) and the visceral organs
(P=0.013). A similar pattern was seen in the model for overall
abundance of Anisakis, Contracaecum and Pseudoterranova spe-
cies combined, with TL as a highly significant explanatory factor
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Table 3. Results of GLM modelling of larval anisakid abundance in various infection sites per fish host species.

A. simplex (s.s.)

A. simplex (s.s.),
C. osculatum (s.L.),
Pseudoterranova spp.

Anisakid species

Overall abundance
(viscera + flesh)

Abundance in viscera

Overall abundance

Abundance in flesh (viscera + flesh)

GLM model
Atlantic cod D.F. e P D.F. 7 P D.F. Ve P D.F. Ve P
Total length (TL) 1 26.9 <0.001 1 324 <0.001 1 4.1 0.042 1 25.7 <0.001
Sampling month 2 6.7 0.034 2 8.6 0.013 2 4.2 0.123 2 6.1 0.048
Sex 1 0.08 0.777 1 0.009 0.925 1 1.3 0.250 1 0.2 0.648
A. simplex (s.s.),
Saithe A. simplex (s.s.) C. osculatum (s.l.)
Total length (TL) 1 37.9 <0.001 1 40.5 <0.001 1 9.12 0.003 1 40.9 <0.001
Sampling month 1 331 0.069 1 3.75 0.053 1 0.51 0.477 1 4.96 0.026
Sex 1 0.11 0.747 1 0.12 0.734 1 0.08 0.773 1 0.26 0.608
A. simplex (s.s.),
Haddock A. simplex (s.s.) C. osculatum (s.l.)
Total length (TL) 1 7.1 0.008 1 7.5 0.006 1 0.13 0.717 1 6.8 0.009
Sampling month 1 0.65 0.420 1 0.52 0.470 1 0.26 0.608 1 1.1 0.304
Sex 1 0.92 0.337 1 13 0.253 1 0.71 0.401 1 0.64 0.425

b.F., degree of freedom; P, significance level.
Significant effects are highlighted.

(P<0.001) while sampling month had only a very weak effect
(P=0.048). Host sex was not significant as a predictor of larval
anisakid abundance in either model.

The considerably larger body size of cod sampled in February
was also reflected by differences between the sampling months
with respect to the abundance of anisakid larvae in various infec-
tion sites of cod. Thus, overall abundance and abundance in the
viscera of A. simplex (s.s.) and C. osculatum (sl.) larvae in cod
sampled in February, both separately and combined, was signifi-
cantly higher than in the samples obtained in March and May
(P <0.001 in all cases). Likewise, the overall abundance of the pre-
sent anisakids combined [A. simplex (s.s.), C. osculatum (s.1.) and
Pseudoterranova spp.] was significantly higher in February than
in the samples of March and May (P <0.001). However, neither
the abundance of A. simplex (s.s.) larvae in the fish flesh nor the
abundance of Pseudoterranova spp. larvae in the viscera differed
significantly between the cod samples of the 3 sampling months.

NEA saithe
Anisakis simplex (s.s.) and C. osculatum sp. B appeared to be the
dominating anisakids in saithe, both species reaching total preva-
lence (100%) in all samplings and infection sites (Table 2). Two
individual P. decipiens (s.s.) larvae were recorded in the dorsal
musculature of a single saithe caught in May 2019. There were
comparatively strongly positively linear correlations between
saithe body length (TL) and overall larval abundances, both sep-
arately for A. simplex (s.s.) (r=0.70, P<0.001) and A. simplex
(s.s.) and C. osculatum (sl.) larvae combined (r=0.68, P<
0.001) (Fig. 4). A similarly comparatively strong relationship
was found between A. simplex (s.s.) larval abundance in the vis-
cera and in the flesh of saithe (r=0.65, P <0.001) (Fig. 5).
GLM modelling showed that host size (TL) was by far the
strongest predictor of anisakid larval abundance in all models
tested (P <0.003) (Table 3). Sampling month had only a weak
effect on overall abundance of A. simplex (s.s.) and C. osculatum
(s.l.) larvae combined (P =0.026). As for the NEA cod models,
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host sex was not a significant predictor of larval anisakid abun-
dance in either model run for saithe.

NEA haddock

Neither prevalence nor abundance of A. simplex (s.s.) and C. oscu-
latum (s.l.) larvae, separately or combined for any infection site,
differed significantly between the 2 samplings of haddock
(Table 2). There were only comparatively weakly positive relation-
ships between haddock body length (TL) and overall larval abun-
dance, both separately for A. simplex (s.s.) (r=0.37, P =0.004) and
A. simplex (s.s.) and C. osculatum (s.].) larvae combined (r = 0.36,
P =0.005). Additionally, and somewhat contrasting cod and saithe,
there was only a weakly positive correlation between the abun-
dance of A. simplex (s.s.) larvae in the viscera and in the flesh of
the fish (r=0.32, P=0.013). GLM modelling revealed that fish
length had a much weaker effect on the abundance of the 2 larval
anisakid species in haddock compared to cod and saithe (Table 3),
which was even non-significant with respect to the abundance of
A. simplex (s.s.) larvae in the fish flesh. Neither sampling month
nor fish host sex were significant predictors of larval anisakid
abundance in the present haddock samples (Table 3).

Infection parameters across fish hosts

The present fish host species showed generally high prevalence of
Anisakis and Contracaecum species larvae in various body parts.
However, the prevalence of A. simplex (s.s.) larvae was signifi-
cantly lower in the flesh of haddock than in cod and saithe
(Fisher’s exact test; P<0.001), which was also the case for the
overall prevalence of C. osculatum (s.l.) larvae (Fisher’s exact
test; P<0.001). Similarly, haddock showed significantly lower
abundances of A. simplex (s.s.) and A. simplex (s.s.) and C. oscu-
latum (s.l.) combined than cod and saithe (P <0.001) (Table 2,
Fig. 6). For C. osculatum (s.l.) alone, overall abundance differed
widely between the fish host species (P < 0.001), being by far high-
est in cod (Table 2).
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Spatial distribution of anisakids

2,6

In general, A. simplex (s.s.) larvae appeared to be more abundant

Table 4 shows the relative distribution of anisakid larvae in vari-  in the left flesh side than in the right side. This trend was espe-
ous parts of the flesh and viscera in the present gadid fish species.  cially pronounced in haddock and saithe (Wilcoxon matched
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Fig. 6. Abundance of A. simplex (s.s.) in total and in the flesh, and total abundance of A. simplex (s.s.) and C. osculatum (s.l.) combined, in 3 gadid fish species from
the southern Barents Sea (counts were log-transformed). Abundances are given as mean + Cl £ s.p.

pairs test; P <0.001) while non-significant in cod when consider-
ing all 3 samplings combined (P =0.09). However, larval abun-
dance was slightly higher in the left flesh side of the March
sample of cod (P=0.01) (Table 4). A clear distribution pattern
was seen when comparing larval abundance in the ventral and
dorsal parts of each flesh side, with the ventral parts largely com-
prising the belly flaps in each of the present fish species. Thus,
more than 85% of all A. simplex (s.s) larvae recorded in the fish
flesh resided in the belly flaps, even reaching >97% in 2 samples
of cod (Table 4). Figure 7 shows the relative distribution (%) of A.
simplex (s.s.) larvae per flesh side (left/right) and fillet part (ven-
tral/dorsal) in the present fish species for all samplings combined.

The relative proportion of A. simplex (s.s.) larvae that migrated
into the flesh of the fish hosts varied between 6% in single sam-
ples of cod and haddock, and 15% in single samples of cod and
saithe, being generally lowest in haddock. In cod, the smaller
fish of the March and May samples tended to carry relatively
more larvae in the flesh than the fish caught in February
(Table 4). This trend, also seen for the abundance data
(Table 2), coincided with a significant decline in HSI in the cod
samples from February to May (Fig. 8).

The distribution of Pseudoterranova spp. larvae in the flesh of
cod [P. decipiens (s.s.) and/or P. krabbei] differed from A. simplex
(s.s.) in several respects. Thus, Pseudoterranova spp. were altogether
absent from the fish flesh in the strict winter sample of cod
(February) while, after their appearance in March, generally half
of the larvae were recorded in the dorsal parts of the fish flesh
which largely comprise the fillet loins (Table 4). Moreover, by far
most Pseudoterranova spp. were apparently residing in the fish
flesh, which is the opposite of the pattern seen for the present A.
simplex (s.s.) larvae. No C. osculatum (s.l.) larvae were recorded
in the flesh of any of the gadid fish host species presently examined.

The liver was the single most important infection site of
A. simplex (s.s.) in saithe and haddock, carrying two-third of all
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larvae recorded in the visceral cavity organs, while this proportion
was roughly one-third in cod (Fig. 9). Due to generally low abun-
dance of Pseudoterranova spp. larvae in the viscera of cod, any
reliable assessment of the relative distribution in the visceral cav-
ity organs could not be made. However, there appeared to be a
trend towards higher relative Pseudoterranova spp. (likely P. bul-
bosa) burden in the liver with increasing season, i.e. from winter
to late spring (Table 4). Contracaecum osculatum (s.l.) larvae were
almost exclusively recorded within or around the pyloric caeca of
each of the 3 present fish host species.

Discussion
Anisakid species diversity

Genetic identification of subsamples of anisakid larvae revealed
the presence of 6 species in the examined gadid hosts, i.e. A. sim-
plex (s.s.), C. osculatum A, C. osculatum B, P. decipiens (s.s.), P.
krabbei and P. bulbosa. While the larvae of A. simplex (s.s) and
C. osculatum (s.].) occurred in all 3 fish hosts, Pseudoterranova
spp. larvae were mainly infecting cod, with only 2 specimens
recorded in saithe, all identified as P. decipiens (s.s.). The larval
stage of these nematode species showed different site preferences
in the hosts, apparently independent of fish species.

Anisakis simplex (s.s.) appears to be the only member of the A.
simplex species complex present in fishes from arctic or subarctic
areas of the NE Atlantic including the Norwegian and Barents
Seas (Mattiucci et al., 2018). It was recently identified in muscle
samples of fresh NEA cod intended for stockfish production
(Bao et al., 2020). The closely related sibling Anisakis pegreffii
was recently recorded in the fillets of 3 individual Atlantic cod
from the northern North Sea (Gay ef al., 2018). Although rarely
recorded in fish hosts outside its distribution range, the species
has so far not been detected at the adult stage in its definitive
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Table 4. Relative distribution of larval anisakid species in the flesh and viscera of 3 gadids from NE Arctic waters

Rel. distribution in fish flesh (%)

Rel. distribution in viscera (%)

Atlantic cod L side:R side Vitrl:Drsl Flesh:viscera Liver Pyloric area Rest viscera
A. simplex (s.s.)
February 47:53 91:9 6:94 22 39 39
March 57:43 97:3 13:87 42 29 29
May 51:49 98:2 15:85 46 17 37
All months 53:47 96:4 11:89 35 30 35
C. osculatum (s.l.)
February np np np np 94 6
March np np np np 98 2
May np np np np 99 1
All months np np np np 96.5 3.5
Pseudoterranova spp.
February np np np 43 57 0
March 63:37 57:43 67:33 40 60 0
May 45:55 45:55 84:16 88 12 0
All months 53:47 50:50 71:29 53 a7 0
Saithe L side:R side Vitrl:Drsl Flesh:viscera Liver Pyloric area Rest viscera
A. simplex (s.s.)
April 60:40 86:14 15:85 65 15 20
May 58:42 86:14 13:87 69 13 18
All months 59:41 86:14 14:86 67 14 19
C. osculatum (s.l.)
April np np np np 99 1
May np np np np 98 2
All months np np np np 98.5 15
Haddock L side:R side Vitrl:Drsl Flesh:viscera Liver Pyloric area Rest viscera
A. simplex (s.s.)
April 71:29 90:10 8:92 63 27 10
May 72:28 91:9 6:94 70 19 11
All months 71:29 90:10 7:93 67 23 10
C. osculatum (s.l.)
April np np np np 99 1
May np np np np 99 1
All months np np np np 99 1

L, left; R, right; Vtrl, ventral flesh part; Drsl, dorsal flesh part; np, not present.

Average ratios per parasite species for all sampling months under each fish host species are highlighted in bold.

hosts in NE Atlantic waters north of the Bay of Biscay (Mattiucci
et al., 2018; Cipriani et al., 2022). Hence, for the time being, it
seems unlikely that A. pegreffii occurs in fish species endemic to
the Barents Sea.

Two members of the C. osculatum species complex, i.e. C. oscu-
latum sp. A and C. osculatum sp. B, were identified in subsamples
taken from each fish species, however, only a single specimen of the
former species was found in 1 haddock, in sympatry with C. oscu-
latum sp. B. Due to the comparatively small number of
Contracaecum species larvae that were molecularly identified, one
cannot rule out that C. osculatum sp. A also occurs in cod or saithe,
or that other members of this species complex may parasitize the
present fish species, as well. Levsen et al. (2016) found
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comparatively high infection levels of C. osculatum sp. B in capelin
(Mallotus villosus Miiller) from basically the same area of the
Barents Sea. Capelin comprises one of the most important prey
items of larger specimens of cod, saithe and haddock (Olsen
et al., 2010) during winter and spring, which may at least partially
explain the presence and high abundances of C. osculatum sp. B in
the present host species. However, this C. osculatum sibling species,
together with C. osculatum sp. A and C. osculatum (s.s.), has also
been identified from Greenland halibut (Reinhardtius hippoglos-
soides Walbaum), caught in more centrally located areas of the
Barents Sea (Karpiej et al., 2013; Najda et al., 2018).

The 3 Pseudoterranova species presently identified from cod
have all been recorded in fishes from the Barents Sea before.
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Fig. 9. Relative distribution (%) of A. simplex (s.s.) larvae in the visceral organs of 3 gadid fish species from the southern Barents Sea.

Hence, P. bulbosa was found at varying prevalence and abun-
dances in the viscera of Greenland halibut, long rough dab
(Hippoglossoides platessoides Fabricius), roughhead grenadier
(Macrourus berglax Lacepede) and Atlantic cod (Karpiej et al.,
2013; Najda et al., 2018) while the presence of P. decipiens (s.s.)
and P. krabbei is documented for Atlantic cod, P. decipiens
(s.s.) in tusk (Brosme brosme Ascanius) and European smelt
(Osmerus  eperlanus L.) (Mattiucci and Nascetti, 2008).
Additionally, we molecularly identified P. decipiens (s.s.) in
dried fillets of NEA cod taken off the Lofoten archipelago in nor-
thern Norway (Bao et al., 2020).

Anisakid infection characteristics

The present abundance levels are by far the highest ever recorded
in NEA cod. Another recent study of anisakids in Barents Sea cod
(Gay et al, 2018) which also relied on the UV-press method
reported 100% prevalence but much lower overall abundances
of A. simplex (s.s.) and C. osculatum (s.l.) larvae (i.e. 36.88 and
1.96, respectively) in fish that corresponded in size to the present
cod samples of May. Other studies reporting on anisakid infec-
tions in Barents Sea cod were based either on small sample size
and unspecified fish size (Najda et al., 2018) or investigated rather
small fish not exceeding 500 mm in TL (Sobecka et al., 2011).
Parasite detection in both studies was based on plain visual
inspection, i.e. not applying the UV-press method, which clearly
impedes comparison with the present findings. However, Najda
et al. (2018) reported total prevalence of A. simplex (s.s.) and C.
osculatum (s.1.), while half of the cod were infected with P. bul-
bosa. The overall mean abundance of Anisakis was high (i.e.
126.7), reaching similar levels as the present study, while mean
abundance of C. osculatum (sl.) appeared to be considerably
lower (i.e. 13.0).
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High overall prevalence of A. simplex (s.s.) was also recorded
in saithe and haddock, and for C. osculatum (s.l.) in saithe. The
larvae of the latter were consistently less prevalent in haddock.
On the other hand, saithe showed highest infection levels with
A. simplex (s.s.) in the flesh of the gadid species presently exam-
ined. Both overall abundance and abundance in the flesh of A.
simplex (s.s.) were particularly high in saithe in May, tending to
be even higher than in cod caught at the same time. Stremnes
and Andersen (1998) investigated the occurrence of the A. simplex
(s.s.) in 3 marine fish species including saithe from the Island of
Vega off mid-Norway. Although occurring at very high preva-
lence (97.2%), overall larval abundance was low, with only a few
Anisakis larvae detected in the fish muscle (checked by plain vis-
ual inspection only). Since no other anisakid species were
recorded by them, the present findings are the first to report
infection data for C. osculatum sp. B and P. decipiens (s.s.), and,
thus, represent new records for saithe.

A recent study of haddock from the Barents Sea (Pierce et al.,
2018), also based on the UV-press method for parasite inspection,
found almost identical prevalence and abundance levels of A. sim-
plex (s.s.), both in total and in the flesh, compared with the pre-
sent results. However, both prevalence and abundance of C.
osculatum (s..) larvae were considerably lower in the former
study although they (Pierce et al., 2018) found light infection
with Pseudoterranova spp. larvae in the viscera of the fish,
which were absent in haddock of the present study. Since the
fish of the former study were slightly bigger, the lower infection
level of C. osculatum (s.l.) may relate to differences in exposure
over time to infective larvae in more coastal localities such as
Helmsoybanken, compared to the oceanic areas of the western
or central Barents Sea which represented the sampling localities
of NEA cod and haddock examined by Gay et al. (2018) and
Pierce et al. (2018), respectively.
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The presently observed strong relationship between overall
anisakid abundance and fish body length, along with the GLM
analyses, clearly showed that body size (TL) represents the single
most important host-related variable to predict overall anisakid
abundances in the 3 fish host species. Although considerably
weaker for the model of TL and Anisakis larvae in the fish
flesh, and even absent for haddock, the findings still imply that
these gadids seem to accumulate A. simplex (s.s.) and C. oscula-
tum (s.l.) larvae over time. Body size as an important driver of
A. simplex (sl.) prevalence and abundance has been reported
for many fish species and areas including cod and haddock
from the Barents Sea and adjacent waters (Hemmingsen et al.,
2000; Miinster et al., 2015; Gay et al., 2018; Pierce et al., 2018).
In general, the apparent accumulation of anisakids in fish over
time can be largely explained by an increased piscivorous feeding
behaviour with increasing fish size, combined with the compara-
tively long lifespan of these parasites. For example, all present
gadid species feed heavily on capelin in late winter and spring
when moving closer to the coast of Finnmark to feed and
spawn (Olsen et al., 2010). Capelin has been shown to be an
important paratenic host for A. simplex (s.s.) and C. osculatum
sp. B in the area, transferring the larvae upward the food web
(Levsen et al., 2016; Bao et al., 2021). Beside the seasonal feeding
on capelin, the diet of NEA haddock consists to a larger extent of
benthic organisms compared to cod and saithe which both rely on
fish prey such as herring and various smaller gadoids, or even feed
cannibalistically (Olsen et al., 2010). The haddock examined by
Pierce et al. (2018) were sampled in autumn in oceanic parts of
the Barents Sea where they prey on benthic organisms or small
fish other than capelin which, however, may not be equally
important as paratenic hosts for C. osculatum (s..). The differ-
ences in feeding behaviour between NEA cod and saithe on the
one side, and haddock on the other side, may be an important
explanatory factor for the differences in anisakid infection levels,
especially with respect to C. osculatum (s.1.), observed in the 3 fish
species.

Other factors that possibly affect infection level and variability
of anisakids in fish are linked to the concurrent occurrence of
infected intermediate, paratenic and definitive hosts in given
areas, the lifespan of actual larvae as well as the ability of individ-
ual fish to cope with the infections. Since various cetaceans com-
monly occur in offshore waters of the Barents Sea, some all year
round while others reach these northern latitudes during warmer
seasons (Bogstad et al., 2015; Mattiucci et al., 2018; Mishin, 2021),
large volumes of Anisakis species larvae persist in the ecosystem,
hence, maintaining infections in planktivorous and piscivorous
fish. Similarly, harp seal (Pagophilus groenlandicus) appears to
be one of the most important definitive hosts for C. osculatum
sp. B in the Barents Sea (Nascetti et al., 1993), thus contributing
to maintain the life cycle of the parasite in the area. Since harp
seal is the most numerous seal species in these waters and
seems to remain in the area throughout its lifespan (ICES,
2011), a more or less evenly output of C. osculatum sp. B larvae
into the ecosystem may contribute to maintain comparatively
high infection levels in various key paratenic fish hosts including
capelin and the 3 actual gadid species.

Pseudoterranova decipiens (s.s.) and P. krabbei, on the other
hand, both seem to utilize common seal (Phoca vitulina) and
grey seal (Halichoerus gryptus) as definitive hosts, while bearded
seal (Erignatus barbatus) acts as a definitive host for P. bulbosa
(Mattiucci et al., 2017). All 3 seal species prefer more coastal habi-
tats compared to harp seal which, except during periods of breed-
ing and nursing, lives in more open waters of its distribution
range (Nordey et al, 2008; ICES, 2011). Thus, the presently
observed infection pattern of Pseudoterranova spp. in NEA cod
may indicate that they acquire increasing numbers of larvae
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during migration and spawning along the coast of northern
Norway in late winter and spring. Alternatively, the apparently
higher infection level of Pseudoterranova spp. larvae in March
and May may suggest that a certain fraction of the cod sampled
during these months consisted of coastal cod. Hence, fish belong-
ing to the coastal cod stock may be exposed to infective
Pseudoterranova species larvae over a longer period compared
to fish belonging to the migrating ‘skrei’ stock.

Considering that ‘skrei’ arrives at the coast of Finnmark in
winter after periods of extensive feeding in the open waters of
the Barents Sea, the significantly lower infection level or even
absence in the flesh of Pseudoterranova spp. in the large cod
sampled in February, may indicate that the fish had ‘lost’ some
of the larvae while feeding in the open sea. Indeed, we sometimes
observed dead Pseudoterranova sp. larvae about to be disinte-
grated, in the flesh of several individual ‘skrei’ presently examined.
We even identified molecularly a Pseudoterranova sp. larva from a
necrotic capsule containing barely recognizable larval remains
(unpublished results). Thus, a possible scenario is that the cod
had eliminated the larvae by immunological means. This assump-
tion is supported by Scott and Black (1960) who reported that
encapsulated P. decipiens (s.1.) larvae at different stages of necrosis
frequently occurred in cod more than 5 years old.

Anisakid spatial distribution in fish hosts

The spatial distribution of A. simplex (s.s.) larvae followed a simi-
lar trend in all 3 gadid species examined. Larval infection levels in
the flesh were similarly high in cod and saithe, carrying on aver-
age more than 13 and 18 larvae at nearly total prevalence,
respectively, with roughly 21 and 34% of cod and saithe showing
>20 Anisakis larvae in the musculature. In haddock, much fewer
larvae were recorded in the flesh, not exceeding 2 on average at
roughly 72% prevalence.

The presently reported anisakid infection levels in the flesh of
cod seem to exceed the findings of most other studies on cod from
the Barents Sea and adjacent areas (Platt, 1975; Aspholm, 1995;
Gay et al, 2018; Nadolna-Altyn et al, 2022). However, using
the UV-press method, Bao et al. (2020) recorded nearly identical
infection levels in the flesh of NEA migrating cod (‘skrei’) caught
in March off the Lofoten archipelago in northern Norway, with
almost all larvae occurring in the belly flaps. In contrast, approxi-
mately 3 times lower mean abundance of A. simplex (s.s) larvae
were found by Gay et al. (2018) in the flesh of Barents Sea cod,
based on UV-press on similarly sized cod as the present ones.
Larval prevalence was high (>90%) and there was also a signifi-
cantly positive relationship between fish size (TW) and abun-
dance of larvae in the flesh. They also reported lower
prevalence and abundance of Pseudoterranova spp. in the flesh
of cod, compared to the pooled data including all sampling
months of the present study. Moreover, Gay et al. (2018) also
observed that A. simplex (s.s.) larvae tend to be slightly more
abundant in the left fillet side and that the ventral fillet parts car-
ried by far more larvae than the dorsal parts, which is consistent
with the present findings and those by Bao et al. (2020). A similar
spatial distribution of A. simplex (s.s.) larvae in the flesh of cod
from the Norwegian Sea was recently reported by
Nadolna-Altyn et al. (2022). Although the study was based on
the candling method for nematode detection, which is considered
less accurate than UV-press, A. simplex (s.s.) larvae appeared to
occur almost exclusively in the ventral fillet parts and seemed to
be significantly more abundant in the left fillet side. The larvae
of Pseudoterranova spp. [molecularly identified as P. decipiens
(s.s.) and P. krabbei] apparently showed no side preference but
seemed to occur more frequently in the belly flaps. In Barents
Sea haddock examined by Pierce et al. (2018), A. simplex (s.s.)
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larval infection level and distribution pattern in the fish flesh were
largely consistent with the present findings, i.e. larval abundance
was significantly higher in the ventral fillet parts (belly flaps)
along with a strong lateral bias with higher numbers of larvae
in the left fillet side.

The visceral organ topography of the fish host, availability of
energy reserves at larval emergence in the visceral cavity (after
penetration of the stomach or intestinal wall), along with the gen-
eral immune-reactive state of the host, appear to be important fac-
tors determining the migration distance and final encapsulation
site as well as the in vivo migration behaviour of the larvae
(Stromnes and Andersen, 1998, 2003; Smith and Hemmingsen,
2003; Berland, 2006; Mladineo and Poljak, 2014; Stremnes,
2014). In gadids such as cod and saithe, it has been hypothesized
that A. simplex (s.l.) encounter the liver after emerging from the
stomach or intestine and become encapsulated (Berland, 2006).
However, during periods of starvation the liver shrinks, leaving
the stomach in direct contact with the belly flaps and, thus, fur-
ther migration into the flesh may be facilitated (Smith and
Hemmingsen, 2003; Berland, 2006).

Interestingly, we observed slightly lower Anisakis abundance in
the flesh of bigger cod fished in February compared to the smaller
cod in March and May, while larval abundance in the viscera of
the bigger cod was more than twice as high. The slightly higher
A. simplex (s.s.) abundance in the flesh of smaller cod in March
and May even coincided with a significant decrease in HSI, i.e.
the liver shrunk, with increasing season (Fig. 8). Hence, and con-
sidering the similar feeding behaviour of the fish species (Olsen
et al., 2010), we hypothesize that since the distance between the
stomach and the belly flaps is longer in bigger fish, possibly
enhanced by the relatively larger liver, higher numbers of
Anisakis may settle, and subsequently become encapsulated, in
the visceral organs surrounding the stomach and foregut includ-
ing the pyloric caeca and the liver (Fig. 9). The temporal variation
in organ topography may similarly be responsible for the more or
less pronounced bias in favour of the left side/left belly flap as pri-
mary infection site of A. simplex (s.s.) larvae in the flesh of the
actual gadid species.

The absence of Pseudoterranova spp. larvae in the flesh of big-
ger cod in February is quite remarkable, especially considering
that the samples of March and May showed 25 and 37%
Pseudoterranova spp. prevalence, respectively. Assuming similar
life histories, the immune system of the bigger cod may have
eliminated the larvae that were presumably present in the flesh.
In this case, the in vivo flesh migration of anisakid larvae in
fish may primarily be an immune-evading behaviour since the
relatively low fat/lipid content of the flesh of gadids does not sup-
port the hypothesis that the larvae prefer to reside in organs that
are lipid-rich such as the liver.

Food safety and quality considerations

In general, all species of Anisakis, Pseudoterranova and
Contracaecum parasitizing marine mammals, including those
presently identified, are considered zoonotic (Buchmann and
Mehrdana, 2016). Additionally, allergy to A. simplex (sl.) has
been described in sensitized individuals following ingestion of
cooked or previously frozen fish (such as cod) contaminated
with dead larvae or thermostable allergens thereof (Moreno-
Ancillo et al, 1997; Audicana and Kennedy, 2008; Audicana
et al., 2017). Moreover, the existence of allergens and putative
allergens in P. decipiens (s..) and C. osculatum (s.1.) has recently
been demonstrated (Kochanowski et al., 2020).

In addition to the health hazardous aspect, the presence of ani-
sakids in fish may also imply a food quality issue. In this sense,
the sheer size and reddish/brownish colour of Pseudoterranova
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species larvae, if present in the edible parts of the fish such as
the liver and the fillets, may be easily spotted by consumers.
This parasite, vernacularly known as the ‘codworm’, has been a
costly cosmetic concern for the fishing industry in Norway and
Canada for many decades (Hemmingsen et al., 1993). The larvae
of Anisakis species, on the other hand, are not that easily spotted
when situated in the fillets due to their nearly transparent appear-
ance, unless the surrounding capsule tissue is melanized. Based on
this awareness, the fish processing industry is obliged by EU reg-
ulations to inspect fishery products for the presence of visible
parasites, and no obviously parasitized product must be put on
the market (EC, 2004). In this respect, the present results
on the distribution pattern of A. simplex (s.s.) larvae in the
flesh of the actual gadid species showing highest larval abundance
in the belly flaps could be useful information for the fish process-
ing industry. Hence, in order to minimize the risk of anisakid lar-
vae to be present in the products of NEA cod, saithe and haddock,
trimming of the flesh by removing the belly flaps could reduce
larval occurrence in the fillets by up to 86% in saithe, and even
>90% in cod and haddock.

Concluding remarks

The presently reported apparently higher abundances of larval
anisakids, especially for A. simplex (s.s.) in cod, compared to
other recent studies, may suggest that the biomass of actual anisa-
kids in the southern Barents Sea is about to increase, particularly
with regards to A. simplex (s.s.). For example, some evidence
exists that the distribution and migration routes of certain ceta-
ceans have changed in some areas of the NE Atlantic
(Simmonds and Eliott, 2009). Indeed, several species of ‘oceanic’
dolphins (Delphinidae), acting as definitive hosts for A. simplex
(s.s.), have recently changed their distribution range by following
their prey into more northerly waters including the Barents Sea
(Evans and Bjerge, 2013). Thus, a possible scenario is that
increased numbers of cetaceans may stay relatively longer in
Arctic or Subarctic waters due to more favourable conditions
including higher average sea temperatures during the warmer
months. This again may facilitate higher larval output into the
ecosystem, along with extended favourable conditions for hatch-
ing and host finding of infective anisakid larvae.

Thus, anisakid nematodes are useful indicators that may con-
tribute to detect long- and short-term changes in the ecosystem
since their life cycle involves organisms at low (plankton or semi-
plankton), intermediate (fish and squid) and top level (marine
mammals) of the food web (Mattiucci et al., 2017). Surveillance
of these parasites on a regular basis, especially in commercially
harvested fish from the Barents Sea, could therefore provide valu-
able information, not only concerning the possible impact
increased larval occurrence could have on food safety and product
quality, but also for assessing the general state of the ecosystem in
terms of intact and functioning trophic interrelationships in time
and space.
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