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Abstract

The Atlantic chub mackerel, Scomber colias Gmelin, 1789, is one of the main

fisheries resources, been currently the most caught fish species in Portuguese ZEE.

The quality of fish is a growing concern and one of the factors that affect seafood
quality and price are parasites. A multitude of parasites have been reported in fish. Some
of them are economically important because decreases the fish flesh quality, others

cause consumers rejection due to their appearance and some are zoonotic.

In the present study 64 specimens of the Atlantic chub mackerel (Scomber colias)
from a local fish market in the northern part of the Portuguese mainland (Matosinhos),
were analysed with the aim to determine the load of parasites with impact on economy
and public health. Four parasite species; Kudoa sp. (prevalence=9.4%); didymozoid
digeneans (prevalence=3.1%); Anisakis sensu lato (prevalence=48.8%) and
Rhadinorhynchus pristis (prevalence=51.6%); were observed. kudoa detection was
carried out by the method proposed by Burger and Adlard (2010) and that one proposed
by Yokoyama et al (2014). No significant differences were observed between these two
methods of detection (p=1.000). Didymozoids digeneans were found in muscle of two
examined fish causing myoliquefaction. The molecular and the phylogenetic analysis
performed in these specimens include these parasites in the didymozoid clade that have

been detected in the muscle of various fish species.

In conclusion, we can state that the parasites with impact on economy and public
health from Atlantic chub Mackerel (Scomber colias) collected around Matosinhos were
detected in relatively low levels and these fish are generally speaking, in very good and

safe conditions to be consumed fresh or canned.

Keywords: Scomber colias, parasites, public health, Portuguese coast
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Resumo

A cavala, Scomber colias Gmelin, 1789, € um importante recurso pesqueiro
sendo atualmente a espécie de peixe mais capturada na zona econdémica exclusiva

portuguesa.

O controle da qualidade do pescado é um requisito fundamental para o
consumidor e um dos fatores que a afecta sdo os parasitas. Existe uma enorme
diversidade de parasitas de peixes sendo de especial importancia aqueles que alteram
a qualidade organolética do pescado nomeadamente a consisténcia da sua carne e

aqueles que tém capacidade zoonotica, isto é, tém capacidade de infetar o Homem.

Com o objetivo de determinar a qualidade da cavala capturada na regido norte
de Portugal foi efetuada a pesquisa de parasitas com potencial zoon6tico ou com
capacidade de diminuir o seu valor comercial em 64 exemplares adquiridos na Lota de

Matosinhos.

As espécies de parasitas detetadas com potencial zoonético ou comercial foram
mixosporideos do género Kudoa (prevaléncia=9.4%); digenéticos didymozoides
(prevaléncia = 3.1%); nematodes do género Anisakis (prevaléncia = 48.8%) e
exemplares de acantocéfalos identificados como Rhadinorhyncus pristis (prevaléncia =
51.6%). A detecdo de Kudoa foi levada a cabo por dois métodos; o proposto por Burger
and Adlard (2010) e o proposto por Yokoyama et al (2014) néo se tendo verificado
diferencas significativas entre os dois métodos de dete¢éo (p=1.000) que foram muito
baixos. Os exemplares de didymozoides que foram detetados no musculo causam
mioliquefagdo. As andlises moleculares e filogenéticas realizadas em amostras destes
exemplares incluem estes parasitas no clado de didymozoides que tém vindo a ser
detetados no musculo de varias espécies de peixes. Os niveis de infecdo por Anisakis

detetados, sobretudo no que se refere a intensidade da infec&o foram baixos.

Deste estudo concluiu-se que a populacao de cavala (Scomber colias) capturada
na regido do Porto apresenta, no ponto de vista parasitolégico, muito boas condi¢tes

para ser consumida fresca ou ser utilizada na industria conserveira.

Palavras-chave Scomber colias, parasitas, satide publica, costa portuguesa
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1.Introduction
1.1. Atlantic chub mackerel (Scomber colias) taxonomy

According to Integrated Taxonomic Information System (itis.gov), Atlantic chub

mackerel taxonomic position is the following.

Kingdom: Animalia
Phylum: Chordata

Subphylum: Vertebrata

Superclass: Osteichthyes
Class: Actinopterygii
Subclass: Neopterygii
Infraclass: Teleostei

Superorder: Acanthopterygii

Order: Perciformes

Suborder: Scombroidei

Family: Scombridae

Genus: Scomber Linnaeus,
1758

Species: Scomber colias

(Gmelin, 1789)

The genus Scomber comprises the species, Scomber scombrus Linnaeus, 1758
(Atlantic mackerel), Scomber japonicus Houttuyn, 1782 (chub mackerel), Scomber colias
Gmelin, 1789 (Atlantic chub mackerel), and Scomber australasicus Cuvier, 1832 (blue
mackerel). Traditionally, S. japonicus has been considered the most geographically
widespread species in the genus being found in Atlantic, Indian and Pacific Oceans.
Matsui (1967) noted a considerable morphological variability between Pacific and
Atlantic specimens, and recently high level of genetic divergence at mitochondrial and

nuclear DNA have been reported (Scoles et al., 1998; Collette, 2003; Infante et al.,
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2007). These observations lead to the acceptance of S. japonicus in the Indo-Pacific,

and S. colias in the Atlantic.

1.2. General features

Atlantic chub mackerel is a fast growing early maturing species that can attain 50
cm total length and 13 years of age. Larva growth is slow and almost in a linear way over
the first 10 to 15 day and, subsequently they have a relatively high metabolic rate
(Castro-Hernandez and Santana-Ortega, 2000). In the Portuguese waters, it grows up

to 20 cm in the first year of life and matures at 1-2 years of age (Martins, 2007).

Atlantic chub mackerel (Fig.1) have a typical bluish to greenish dorsal and silvery
white ventral colour marked by spotting or wavy broken lines (McEachran and Fechhelm,
2005; Collete and Nauen, 1983). Pectoral fins are short and has 19 or 21 rays. First
dorsal fin originates behind pectoral fin bases and has 9 or 10 spines and the second
dorsal fin has 11 or 12 rays followed by five finlets. Caudal peduncle is very slender and
lacks lateral keel between upper and lower oblique keels, the lateral line is single and
slightly arched anteriorly. The scales are small and easily lost, although they are larger

and more conspicuous around the gular region (Collete and Nauen, 1983).

Figurel General external features of Scomber colias specimen
(Source:http://www.fishbase.se/Photos/PicturesSummary.php?StartRow=1&ID=54736&what=species&TotRec=3).

1.3. Geographic distribution and habitat

S. colias is a cosmopolitan costal-pelagic species distributed in warm and
temperate waters of the Atlantic Ocean, Mediterranean and Black Sea (Collette ,1986)
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(Fig. 2) It is found over the continental slope from the surface to a depth of 300 m. In the
eastern Atlantic chub mackerel occurs from the Bay of Biscay to South Africa, including
the Canary, Madeira, Azores and Saint Helena Islands. In the coast of America this
species is frequent from Massachusetts to Florida, Bahamas, Gulf of Mexico and
southern Venezuela, Brazil, Uruguay and Argentina. (Castro-Hernandez and Santana-
Ortega 2000).

Higher temperature often related to weak upwelling seems to play an important
role in the recruitment success, spawning, and productivity of mackerel. This species
prefers temperatures between 14 °C to 15.2°C, salinities between 35.1 to 35.4% and a
typical content of dissolved oxygen of 6 ml/l. (Valderrama, 1995; Castro-Hernandez and
Santana-Ortega 2000). Similarly, to most scombrids, mackerels are highly migratory
species, schools moving northward with vernal warming and southward with autumnal
cooling (McEachran and Fechhelm, 2005). Transition from the juvenile stage to the adult
immature stage is accompanied by an offshore migration from shallow coastal waters to
the slope area and an inverse migration is observed during the spawning season (Castro,
1993; Castro-Hernandez and Santana-Ortega 2000).

Figure 2 Map with the geographical distribution of Scomber colias
(Source: http://www.fishbase.se/summary/Scomber-colias.html)

1.4. Feeding habits

The Altantic chub mackerel feeds mainly small fish and zooplankton, been
copepods the most important items, followed by appendicularians and mysids

3
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euphausiids season (Castro, 1993; Castro-Herndndez and Santana-Ortega 2000).
However, there are differences between the diets of juvenile, immature and adult chub
mackerel. Larvae feed mainly on zooplankton, and juveniles and adults mostly on fish

species such as Sardina pilchardus and Atherina presbyter (Cabral and Murta, 2002).

1.5. Economic importance

Atlantic chub mackerel is an important species for Portuguese fisheries. Since
80's, Portuguese landings of chub mackerel ranged between 4000 and 23000 t reaching

the lowest level until the early 2000s and increased subsequently (Martins et al., 2013).

Historically, Atlantic chub mackerel has always occupied the second position in
the ranking of the landed species, but from 2012 forward Atlantic chub mackerel won the
first position. At the same time sardine decreased by 14.3% due to the application of EU
directives transposed to national laws (directives 2179-A/2015 and 5119-H/2015), that
determined catch limits for sardine fishing in Portuguese ZEE. The national ports with
larger Atlantic chub mackerel landings are Sesimbra, Olh&o, Sines, Porto and Figueira
da Foz. (DGRM, 2016)

According, to the DGRM in 2015 there were more marine fish catches compared
to 2014, due to increased catch of Atlantic chub mackerel and horse mackerel, which

currently are the most caught species in Portugal (Figure 3).

70000
60000
50000
=
= 40000
=
=0
2 30000
=
20000
o I I I I I I
O 1 W
2010 2011 2012 2013 2014 2015
m Atlantic mackerel  m Sardine Horse mackerel mTunas

Figure 3 The top fish species catches in Portugal, in tonnes (Source: DGRM, 2016)
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In Portugal, the most important canned fish are tuna and sardine. However,
canned Atlantic chub mackerel and mackerel recorded an increase of 4.4% from 2013
forward (DGRM, 2016).

1.6. Atlantic and Pacific chub mackerel parasites and their
economic and public health impact

Fish and fish products are crucial components of the human diet. Aimost 17 % of
human protein intake come from fish and this value reaches 70 %in some coastal
countries (FAO, 2014). Portugal is the largest fish consumer per capita in the European
Union and in the third worldwide (FAO, 2011).

Currently, the quality of fish is a growing concern for industries that sell fresh or

canned meat products, and for public health authorities.

One of the factors that affect seafood quality and price are parasites (Alvarez-
Pellitero and Sitja-Bobadilla, 1993). A checklist compiled from peer reviewed journals of
the metazoan parasites of Atlantic and Pacific Mackerel and its geographical distribution

is reported in table 1.

Table 1 Atlantic and Pacific chub mackerel metazoan parasites and its geographical distribution.

5

Parasite Host N P (%) | Ml MA Location References
Myxozoa/
Myxosporea
Kudoa caudata Scomber ND | ND ND ND Pacific Ocean (Peru) Kovaleva and Gaevskay, 1983
japonicus
Kudoa histolytica S. colias * 76 40 ND ND Atlantic Ocean 34.1.3 Shukhgalter, 2004
CECAF division (Mauritania)
Kudoa scomberi S. japonicus 1 ND ND ND Pacific Ocean (Japan) Lietal., 2013
Myxobolus S. japonicus 10 40 ND ND Pacific Ocean (Japan) Yokoyama et al., 2005
acanthogobii
Monogenea
Grubea cochlear S. colias* 76 53 ND 0,08 Atlantic Ocean 34.1.3 Shukhgalter, 2004

CECAF division (Mauritania)

CECAF division (Morocco)

182 | 1,1 ND 0,02 Atlantic Ocean 34.1.1 Shukhgalter, 2004

29 10,3 | ND 0,1 Atlantic Ocean X Shukhgalter, 2004



Kuhnia abarica

K. scombercolias

K. scombri

K. sporostonae

S.colias*

S. colias*

S. colias

S. colias*

S. japonicus

S. colias

S. colias

S. colias*
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151
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15
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43,7
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1,8
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2,2
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2,24
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5.6

2.3
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2,7
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0,03
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0,1

0,21

0,71

0,71

3,77

0,01

13

0,01
0,28

0,36

0,98

0,23
0,98

ND

ND

0,01

1,4

ND

0,007

ICES division (Azores islands)
Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic ocean (Brazil)
Mediterranean Sea (Gulf of
Asinara)

Atlantic Ocean X

ICES division (Azores islands)
Atlantic Ocean 34.1.2

CECAF division (Madeira islands)
Atlantic Ocean 34.1.2
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Atlantic Ocean X ICES
division (Azores islands)
Atlantic Ocean 34.1.1
CECAF division (Morocco)
Atlantic Ocean 34.1.2

CECAF division (Madeira islands)
Atlantic Ocean (Brazil)
Atlantic Ocean 34.1.2
CECAF division (Madeira
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Islands)

Mediterranean Sea (Gulf of
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CECAF division (Madeira islands)
Atlantic Ocean 34.1.2

impact)

Costa et al., 2007

Oliva et al., 2008

Oliva et al., 2008

Mele et al., 2014

Shukhgalter, 2004

Costa et al., 2007

Oliva et al., 2008

Oliva et al., 2008

Costa et al., 2011

Mele et al., 2014

Cremonte and Sardella, 1997
Shukhgalter, 2004

Shukhgalter, 2004

Costa et al., 2007

Oliva et al., 2008
Oliva et al., 2008

Oliva et al., 2008

Oliva et al., 2008

Costa et al., 2011

Mele et al., 2014

Rohde, 1989

Costa et al., 2007



Pseudokuhnia

minor

Digenea

Bacciger sp.

Clavogalea

trachinoti

Didymozoidae gen.

Didymozoids in

visceras

Didymozoids in
muscle

Halvorsenius exilis

Lecithocladium

harpodontis

S. japonicus

S. colias*

S. colias

S. colias*

S. colias*

S. colias*

S. colias

S. japonicus

S. colias*

S. colias*
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impact)

Oliva et al., 2008
Oliva et al., 2008
Shukhgalter, 2004
Shukhgalter, 2004

Shukhgalter, 2004

Costa et al., 2007

Oliva et al., 2008

Costa et al., 2011

Mele et al., 2014
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Oliva et al., 2008
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15

12,8
ND

ND

ND

4,6

ND

13

2,1
ND

2,2

ND
ND

ND

ND

ND

ND

ND

43,6

ND

43,7
6,8

ND

10,24
0,04

1,48

4,96

2,5

0,62

ND

2,53

0,03

0,1

0,5

0,14
0,02

0,13

0,02

0,32

1,39

2,58

37,1

40,6

37,15
1,35

0,01

Atlantic ocean (Brazil)
Atlantic Ocean X

ICES division (Azores islands)
Atlantic Ocean 34.1.1

CECAF division (Morocco)
Atlantic Ocean 34.1.3

CECAF division (Mauritania)

Atlantic ocean (Brazil)

Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Pacific Ocean (Chile)
Atlantic Ocean (Brazil)
Atlantic Ocean 34.1.2
CECAF division (Canary
Islands)

Mediterranean Sea (Gulf of
Asinara)

Mediterranean Sea (Gulf of
Asinara)

Atlantic Ocean (Argentina)
Atlantic Ocean X

ICES division (Azores islands)
Atlantic Ocean 34.1.2
CECAF division (Canary
Islands)

Atlantic Ocean X

ICES division (Azores islands)
Atlantic Ocean 34.1.3
CECAF division (Mauritania)
Atlantic Ocean 34.1.1
CECAF division (Morocco)
Atlantic Ocean 34.1.3
CECAF division (Mauritania)
Atlantic Ocean (Brazil)
Atlantic Ocean (Argentina)
Atlantic Ocean (Brazil)
Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic Ocean 34.1.2

impact)

Oliva et al., 2008
Shukhgalter, 2004

Shukhgalter, 2004

Shukhgalter, 2004

Alves et al., 2003

Oliva et al., 2008

Oliva et al., 2008

Oliva et al., 2008

Costa et al., 2011

Mele et al., 2014

Mele et al., 2014

Cremonte and Sardella, 1997
Shukhgalter, 2004

Costa et al., 2011

Shukhgalter, 2004

Shukhgalter, 2004

Shukhgalter, 2004

Shukhgalter, 2004

Alves et al., 2003

Cremonte and Sardella,1997

Oliva et al., 2008
Oliva et al., 2008

Costa et al., 2011



Cestoda

Callitetrarhynchus
gracilis (L.)
Nybelinia sp.

Phyllobothrium sp.

Unidentified
Trypanorhyncha
larvae

Scolex pleuronectis

(L)

Tentacularia

coryphaenae (L.)

Nematoda

Anisakis sp

S. colias*

S. colias*

S. colias*

S. colias

S. colias*

S. colias

S. colias*

S. japonicus

S.colias*
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76

29

151

182

90
29

68

90

76

100

151

68

151

60
62

90
10

154

2,6

34,5

22,5

3,8

8.8
3,4

8,8

5,6

53

30

15,2

8,8

2,25

8.3
1.6

36,7
ND

69,5

ND

ND

1,6

ND

ND
ND

ND

ND

ND

51

18,1

ND

1,4

1.0
1.0

ND
ND

ND

0,05

8,14

0,35

1,04

0,03

0,09

0,7

0,07

1,53

2,76

1,18

0,31

ND
ND

0,7
ND

ND

CECAF division (Canary

Islands)

Atlantic Ocean 34.1.3

CECAF division (Mauritania)
Atlantic Ocean X

ICES division (Azores islands)
Atlantic Ocean 34.1.2

CECAF division (Madeira
islands)

Atlantic Ocean 34.1.1

CECAF division (Morocco)
Atlantic Ocean (Argentina)
Atlantic Ocean X

ICES division (Azores islands)
Atlantic Ocean 34.1.2

CECAF division (Canary
Islands)

Atlantic Ocean (Argentina)

Atlantic Ocean 34.1.3
CECAF division (Mauritania)
Atlantic Ocean (Brazil)
Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic Ocean 34.1.2
CECAF division (Canary
Islands)

Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Pacific Ocean (Peru)
Pacific Ocean (Chile)

Atlantic Ocean (Argentina)
Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic Ocean 34.1.2

impact)

Shukhgalter, 2004

Shukhgalter, 2004

Oliva et al., 2008

Shukhgalter, 2004

Cremonte and Sardella, 1997
Shukhgalter, 2004

Costa et al., 2011

Cremonte and Sardella, 1997

Shukhgalter, 2004

Oliva et al., 2008

Oliva et al., 2008

Costa et al., 2011

Oliva et al., 2008

Oliva et al., 2008
Oliva et al., 2008

Cremont and Sardella, 1997
Mattiucci et al., 2002

Costa et al., 2003



A. simplex

A. pegreffi

A. physeteris

A. ziphidarum

Camallanus sp.

S. japonicus
S. colias

S. colias*

S. colias*

S. japonicus

S. colias

S. japonicus

S. colias*

S. colias*

S. colias*
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29

182

76

151

100

60

62

218

68

44

ND

266

17

ND

13

ND

32

29

417
ND

ND

46

100

55,5

11,8

53,6

10.0

43.5

74,3

11,8

77,27

ND

62,4

83,3

ND

ND

ND

75

96,6

ND
ND

ND

15,2

ND

ND

ND

3,5
1.2
2.7
ND
ND

4,59

ND

2,9

ND

ND

ND

ND

13,8

15,1

ND
ND

ND

ND

16,6

2,83

0,2

1,01

0,14

ND

ND

ND

0,25

3,55

ND

1,8

ND

ND

0,38

ND

10,3

ND

ND
ND

ND

0,26

CECAF division (Madeira
islands)

Atlantic Ocean X

ICES division (Azores islands)
Atlantic Ocean 34.1.1
CECAF division (Morocco)
Atlantic Ocean 34.1.3
CECAF division (Mauritania)
Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic Ocean (Brazil)
Pacific Ocean (Peru)

Pacific Ocean (Chile)
Pacific Ocean (Japan)
Atlantic Ocean 34.1.2
CECAF division (Canary
Islands)

Mediterranean sea (Aegean
sea)

Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic Ocean 34.1.1
CECAF division (Morocco)
Mediterranean sea (Alboran
sea)

Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Mediterranean sea (Tunisia)
Pacific Ocean (China)
Mediterranean (Aegean sea)
Mediterranean sea (Sardinia)
Pacific Ocean (Korean)
Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic Ocean X

ICES division (Azores islands)

impact)

Shukhgalter, 2004

Shukhgalter, 2004

Shukhgalter, 2004

Oliva et al., 2008

Oliva et al., 2008

Oliva et al., 2008

Oliva et al., 2008

Suzuki et al., 2010

Costa et al., 2011

Akmirza, 2003

Pontes et al., 2005

Abattoy et al., 2011

Abollo et al., 2003

Pontes et al., 2005

Farjallah et al., 2008
Quiazon et al., 2008

Chaligiannis et al., 2012

Piras et al., 2014
Bak et al., 2014
Pontes et al., 2005

Pontes et al., 2005

Shukhgalter, 2004



Capillariidae gen.

Contracaecum sp.

Hysterotylacium sp.

H. aduncum
H. fabri (L.)

Oncophora

melanocephala

Pseudoterrnova sp.

Raphidascaris sp.

Acanthocephala

Corynosoma sp.

(L)

Bolbosoma sp.

S. colias*

S. colias*

S. colias*

S. japonicus
S. colias*
S. colias*

S. colias*

S. colias*

S. colias

S. colias*

S. colias*

S. colias*

FCUP | 11

Survey of parasites of Atlantic chub Mackerel (Scomber colias) with economic and public health

76

90

29

182

76

100
90

76

182

151

417

173
151

151

90

68

100

100

50

29

13

26,7

24,1

55

3,9

50

19,7

22,5

22,5

ND

77,1
7,3

6,7

15

52

10

16

6,9

ND

ND

ND

ND

ND

2,5
ND

ND

ND

ND

ND

4,63
1,6

ND

ND

ND

27,4

2,1

ND

ND

0,01

0,6

2,38

0,06

0,11

0,05
1,9

0,64

0,85

0,58

ND

ND
0,12

0,03

0,1

0,01

14,25

0,2

ND

0,07

Atlantic Ocean 34.1.3
CECAF division (Mauritania)

Atlantic Ocean (Argentina)

Atlantic Ocean X

ICES division (Azores islands)
Atlantic Ocean 34.1.1

CECAF division (Morocco)
Atlantic Ocean 34.1.3

CECAF division (Mauritania)
Atlantic Ocean (Brazil)
Atlantic Ocean (Argentina)

Atlantic Ocean 34.1.3
CECAF division (Mauritania)
Atlantic Ocean 34.1.1
CECAF division (Morocco)
Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Pacific Ocean (Korean)
Atlantic Ocean (Argentina)
Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic Ocean (Argentina)
Atlantic Ocean 34.1.2
CECAF division (Canary

Islands)

Atlantic Ocean (Brazil)

Atlantic Ocean (Brazil)

Atlantic Ocean (Brazil)

Atlantic Ocean X

ICES division (Azores islands)

impact)
Shukhgalter, 2004
Cremont and Sardella,
1997
Shukhgalter, 2004
Shukhgalter, 2004
Shukhgalter, 2004
Oliva et al., 2008
Cremont and Sardella,
1997
Shukhgalter, 2004
Shukhgalter, 2004
Oliva et al., 2008
Bak et al., 2014

Navone and Sardella, 1998
Oliva et al., 2008

Oliva et al., 2008

Cremont and Sardella,
1997
Costa et al., 2011

Oliva et al., 2008

Alves et al., 2003

Rego and Santos,
1983
Shukhgalter, 2004



Bolbosoma

vasculosum (L.)

Corynosoma sp.
Corynosoma
australe (L.)

Rhadinorhynchus
cadenati

Rhadinorhynchus

pristis

Crustacea/
Copepoda

Caligus pelamydis

Clavellisa scombri

Hatschekia sp.

Lernaea sp.

. colias*

. colias*

. colias*

. colias*

. colias*

. colias*

. colias

. colias*

. japonicus

. colias*

. japonicus

. colias

. colias*

. colias*
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151

100
90

100
100
62
29

182

76

154

100
68

ND
100
60
62
ND

100
151

60
62
30

66
66

10
64,4

12

12

38.7

65,5

59,9

15,8

50,6

ND

1.7
17.7
ND

20.0
6.5

15
18,2

2,1
ND

14
14
9.3
ND

ND

ND

3,19

1,9
ND

ND
15
1.0
11
ND

1.7
1.8
0,1

1
1,08

0,02

0,2
10,6

0,17
0,1
ND
1,83

4,43

0,2

ND

0,13
0,04

ND
0,02
ND
ND
ND

0,02
0,12

ND
ND
0,1

0,02
0,2

Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic Ocean (Brazil)

Atlantic Ocean (Argentina)

Atlantic Ocean (Brazil)
Atlantic Ocean (Brazil)
Pacific ocean

Atlantic Ocean X

ICES division (Azores islands)
Atlantic Ocean 34.1.1
CECAF division (Morocco)
Atlantic Ocean 34.1.3
CECAF division (Mauritania)
Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Atlantic Ocean (Brazil)
Atlantic Ocean 34.1.2
CECAF division (Canary

Islands)

Black sea

Atlantic Ocean (Brazil)
Pacific Ocean (Peru)
Pacific Ocean (Chile)
Atlantic Ocean

Atlantic Ocean (Brazil)
Atlantic Ocean 34.1.2
CECAF division (Madeira
islands)

Pacific Ocean (Peru)
Pacific Ocean (Chile)
Mediterranean Sea (Gulf of
Asinara)

Mediterranean sea

Mediterranean sea

* In the references identified as S.japonicus, but are now recognize as S. colias

impact)

Oliva et al., 2008

Alves et al., 2003
Cremont and Sardella, 1997

Alves et al., 2003
Oliva et al., 2008
Oliva et al., 2008
Shukhgalter, 2004

Shukhgalter, 2004

Shukhgalter, 2004

Costa et al., 2004

Oliva et al., 2008
Costa el al., 2011

Nikolaeva, 1980
Oliva et al., 2008
Oliva et al., 2008
Oliva et al., 2008
Solonchenko

and Bodyanitski, 1968
Oliva et al., 2008
Oliva et al., 2008

Oliva et al., 2008
Oliva et al., 2008
Mele et al., 2014

Amirzha, 2003
Amirzha, 2003
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Some of these parasites are of economic or public health concern.

The genus Kudoa Meglitsch, 1947 is an important histozoic myxosporean
parasite of marine fish (Eiras et al., 2014) These parasites can develop white
pesudocysts in muscle fibers and other organs and, in muscle many species cause
moyliquefaction, sometimes referred as soft-flesh disease (Langdon, 1991). Due to the
appearance and texture of the flesh infected fish are often rejected by consumers,
resulting in significant losses to industries. Additionally, potential public health risks of
this parasite have been reported by several authors. The symptoms of fresh fish infected
with some species of Kudoa include diarrhoea and emesis, symptoms are sometimes
severe, although they usually disappear within 24 h (Velasco et al., 2008; Suzuki et al.
2015; Sugita-Konishi et al., 2015).

Digenean trematodes of the family Didymozoidae are tissue parasites of marine
fishes and are especially common in oceanic pelagic fish. In addition to parasitized
atypical sites, they may be found encapsulated, sometimes in pairs and may exhibit
varying degrees of sexual dimorphism sometimes been hardly recognizable as
digeneans (Pozdnyakov and Gibson, 2008). These parasites do not seem to pose a
public health problem but they can reduce the commercial value of fish mostly that ones

that occurs in muscle and cause unappetizing aspect of fish (Pascual et al., 2006).

Larval stages of Anisakidae are nematodes commonly found in the viscera and
musculature of many species of teleost fish throughout the world’s oceans and seas
(Mattiucci et al.,, 2007). Humans can become accidentally infected by consuming
uncooked or poorly cooked infected fish. Anisakiasis produced by L3 larvae of the genus
Anisakis, is considered a worldwide human health problem. Approximately 20,000 cases
of anisakiasis has been reported worldwide (Umehara et al., 2007; Qin et I., 2013).
Clinical sings of anisakiasis include edema in gastric mucosa, epigastric pain, vascular
occlusion and pseudo-tumoral formation (Takabe, et al., 1998). These parasites are also
of great importance in the canning industry as they are visible macroscopically. Some
anisakid larvae have been occasionally found in tins, negatively affecting the value of
the product (Madrid et al., 2016).

Acanthocephala Rudolphi, 1802 are intestinal parasites of vertebrate definitive
hosts, and most species belonging to this group occurs in fish (Amin and Omar, 1987).
The morphology of the adults is very similar between species, especially the internal
organs, but the proboscis hooks, their shape, number and arrangement differ between

species and genera (Kennedy, 2012). These parasites are not a public health concern

13
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but during the evisceration of fish they are visible to the naked eye and this can cause

rejection by consumers.
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2.0Dbjectives

As mentioned above the fishing quotas, the fresh consumption, and the use of
Atlantic mackerel in the canning industry have been rising in Portugal. For all these
reasons the quality and safety of Atlantic chub mackerel fished in Portuguese ZEE is of

growing concern.

The aim of the present study was to do a survey in the Atlantic chub mackerel
quality concerning parasites that can cause public health or economic concern.

15
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3. Materials and Methods
3.1. Fish sample

Between October and November 2015, specimens of the Atlantic chub mackerel,
Scomber colias (n=64) were obtained from a local fish market in the northern part of the
Portuguese mainland (Matosinhos). The fish were stored at -20°C until examination.
After fish defrosting, total length (Lt), total weighed (Wt) and liver weight were measured.
Fulton’s condition factor was determined using the equation K = 100 Wt/Lt® and the
hepatossomatic index (ratio between the liver weight and the total weight expressed in

percent) determined.

3.2. Parasites detection, identification and, quantification

A macroscopic observation with special attention to muscle softening was
performed. The entire musculature of each fish was removed, filleted and examined

macroscopically and under a stereomicroscope.

For detection of Kudoa spores two samples (1 gram each) of dorsal muscle (just
behind the head) of each fish were collected and processed by the method proposed by
Burger and Adlard (2010) and by the method proposed by Yokoyama et al., (2014).
Briefly, in the method of Burger and Adlard the muscle was placed in the lip of a petri
dish, moistened with 5 ml of phosphate buffered saline (PBS), macerated with scalpel
blades squashed with the basis of petri dish and the liquid squeezed and allowing to
settle into centrifuge tube. In the method proposed by Yokoyama et al (2014), muscle
was squashed with 5 ml of PBS in a small glass mortar, passed through a steel mesh,
filtered with a 100 um nylon mesh strainer centrifuge at 400xg for 15 min, re-suspended
in PBS, placed onto a 15% to 25% Percoll gradient solution, centrifuged at 2190xg for
30 min. and re-suspended in PBS. In both cases an aliquot (15 ml) was observed under
a Differential Interference Contrast (DIC) microscope (400X). Kudoid spores were

photographed and measurements according to Burger and Adlard (2010).

For detection of anisakids larvae the body cavity and the viscera were examined
macroscopically and under a stereomicroscope. All detected nematodes were collected,
washed in PBS and fixed in alcohol 70% (v/v). Identification at generic level was based
on the morphological characteristics as describe by Berland (1961) after clearing and

mounting the parasites in glycerine.

16



FCUP
Survey of parasites of Atlantic chub Mackerel (Scomber colias) with economic and public health
impact)

All other macroscopically detected parasites found were collected, counted and
stored in alcohol 70% (v/v) for further processing. Small metazoan parasites from the

digestive tract were not search during this study.

For ultrastructural studies conducted in didymozoid parasitized muscle,
approximately 3mm? of fresh tissue was cut and immediately fixed in 5% glutaraldehyde
plus paraformaldehyde 4% in 0.5 M sodium cacodylate buffer (pH 7.2). Subsequently
the samples were washed three times with sodium cacodylate buffer and post-fixed with
2% osmium tetroxide in 0.05 M sodium cacodylate buffer (pH 7.2) for 1 h with stirring
followed by overnight at 4° C with slow stirring. The dehydration was performed using an
ethanol series (25-100%; v/v), and once using propylene oxide. Samples were
embedded in mixtures of propylene oxide and resin (EMBed-812), followed by EMBed-
812 for at least 24 h, before being placed in embedding moulds with resin, and being
allowed to polymerize at 55°C. Thin sections were cut with an ultramicrotome (Bromma
Ultrotome Nova, LKB, Sweden) and mounted in copper grids. The sections were
contrasted with a saturated solution of uranyl acetate for 7 min and with lead citrate
(Reynolds, 1963) for 7 min, before being visualized using an electron microscope JEM-
1400Plus (Jeol Ltd., Inc., MA, USA) operating at 85 kV.

For all groups of detected parasites, the prevalence of the infection was
determined. The mean intensity and the mean abundance were determined for all
parasites excluding myxosporidean. All parameters were calculated according to Bush
etal., (1997).

3.3. Molecular and phylogenetic analysis

It was not possible to do a molecular analysis of kudoids do to the very low levels
of infection.

To performed the molecular analysis of the detected didymozoid, DNA was
extracted by crushing the parasites with a sterile pestle in an Eppendorf tube containing
DNA extraction buffer (50 mM Tris-HCI, pH 8.0, with 10 mM EDTA) and using the
QIAamp DNA MiniKit (QIAGEN, Germany) following the protocol for DNA extraction from
tissues. The extracted DNA was eluted with 30 pl of water and quantified in a

BioPhotometer (Eppendorf AG, Hamburg, Germany).
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The 18S ribosomal RNA the 28S ribosomal RNA and the mitochondrial
cytochrome oxidase | (coxl) genes were amplified by Polymerase Chain Reaction (PCR)

using the primers and the profiles described on Table 2.

Table 2 Targeted gene, sequence of the oligonucleotide primers used in the PCRs and PCR profiles utilized

Gene

18S

28S

coxl

Sequence (5°-3") Reference PCR program

forward AAC CTG GTT GAT CCT GCC ATG Pascual et al., 2006 94°C (5min)

feverse  TGATCCTTC TGCAGG TCC ACC [35x 94°C (1min) 55°C(Lmin) 72°C (2min)]
72°C (10min)

forward GTC CGA TAG CGA ACA AGT ACCGT Mladineo et al., 2009 94°C (5min)

reverse AGC ATA GTT CAC CAT CTT TCG GGT CTC AA [35x 94°C (1min) 54°C(1min) 72°C (2min)]
72°C (10min)

foward TTT TTT GGG CATC CTG AGG TTT AT Mladineo et al,. 2009 94°C (30s)

reverse CAA CAA ATC ATG ATG CAA AAGG [35x 94°C (30s) 52°C(90s) 72°C(90s)]
72°C(10min)

PCRs were carried out in a MyCycler™ thermal cycler (Bio-Rad laboratories Inc.,
Hercules, CA, USA) using 5 U of Taq polymerase, 1x reaction buffer supplemented with
25 Mm MgCI2 (Promega, WI, USA), 5 mM deoxynucleoside triphosphates, 10 mM of
each primer and 20 to 70 ng of DNA. The PCR products were analyzed by agarose gel
electrophoresis [1% (w/v)] using standard protocols (Sambrook and Russell 2001[1x
TAE buffer, 1 pl of GreenSafe (NZYTech, Lisbon, Portugal) and GeneRuler™ DNA
Ladder Mix (ThermoScientific, Carlsbad, CA, USA) as molecular ruler]. Gels were
visualized using a UV transilluminator device (GelDoc Biorad). The DNA fragments were

isolated from agarose gels using NZYGelpure kit (NZYTech, Lisbon, Portugal).

Purified PCR products were cloned into pGEM®-T Easy vector (Promega,
Madison, WI, USA) and transformed into Escherichia coli DH5a competent cells

following the instructions of the manufacturer

The white colonies obtained were grown overnight at 37°C, in 5 ml of liquid LB
medium supplemented with 5 ul of ampicillin, with shaking. Plasmid DNA was isolated
from E. coli cultures using the NZYMiniprep kit (NZYTech, Lisbon, Portugal). to confirm
transformation restriction analysis was performed using EcoRI (Thermo Fisher Scientific,

Inc., MA, USA). The insert was sequenced at STAB Vida (Lisbon, Portugal). Sequences
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obtained were compared to the GenBank database NCBI using Blast (July 2016). From

now on our isolate was nhamed Didymozoidae sp. Sc-2016.

The 18S and 28S rRNA gene sequences, as well as the Coxl sequences obtained
here used as a query at NCBI (Blastn) to recover all Platyhelminthes sequences showing
high similarity. Sequences with reduced length, that will compromise phylogenetic
analyses were not used. Sequences were aligned using MUSCLE (Edgar, 2004), and
phylogenetic relationships inferred using Maximum-Likelihood (ML) and 1000 resamples
[Fasttree; (Price et al., 2009, 2010)]. The model used was the general time reversible
model with a proportion of invariant sites and a gamma distribution (GTR+I+G; the
implemented model in Fasttree). This model is appropriate since the Akaike information
criterion (AIC), as implemented in Modeltest (Darriba et al., 2012; Guindon and Gascuel,
2003), suggests the use of such model (for Coxl dataset) or much simpler models
(TIM2ef+ for 18S rRNA and TVM+G for 28S rRNA datasets). There are 261, 328 and
326 ungapped positions in the 18S, 28S and CoxI datasets respectively.

3.4. Data analysis

Data analysis was carried out using IBM SPSS Statistics 22 statistic software.

The two methods used for detection of Kudoa were compared using the

McNemar test, a non-parametric test for dependent samples.

Relationships between fish parameters (weight, length, Fulton’s condition index
and hepato-somatic index) and occurrence (Kudoa; Didymozoides; Anisakids and
Acantochephala) or abundance of parasites (Didymozoides; Anisakids and

Acantochephala) were analysed using non-parametric Spearman rank correlation test.

For all tests, statistical significance was accepted when p<0.05.
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4. Results

Were examined sixty-four table size Atlantic chub mackerels with a mean weight
of 210.9 £+ 33.5 g (range: 157-285) and a mean total length of 28.2 + 1.37 cm (range =
26-32). Sex determination was not possible due to the low developmental stage of the
gonads. The mean condition factor was 0.94 + 0.05 (range: 0.81-1.09) and the
hepatossomatic index was 0.80 + 0.13 (range: 0.54 — 1.17).

Four parasite species (Kudoa sp, didymozoid digeneans, Anisakis type | and the
acantocephalan Rhadinorhynchus pristis) with potential to cause economic or public
health impact were detected. The infection levels of these parasites were reported in
Table 3.

Table 3 Mean infection levels + SD (range) of parasites of economic and/or public health importance detected in Atlantic
chub mackerel

20

Prevalence% Intensity Abundance
Parasites Mean+SD (min—max) Median Mean+SD (min—max) Median
Kudoa sp. 9,4 - -
Didymozoidea gen. sp. 31 1,00+0,00 (1-1) 1,0 0,03+0,18 (0,1) 0
Anisakis type | 48,4 1,84+1,19 (1-5) 1 0,89+1,24 (0-5) 0
Rhadinorhynchus 51,6 1,94+1,46 (1-6) 1 1,00+1,43 (0-6) 1

pristis

Kudoa sp. spores were observe in skeletal muscle of 6 S colias. The levels of
infection in all parasite fish were very low. A maximum of 4 spores were detected in each
slide. Significant differences were not observed for the two methods used for Kudoa
detection (p=1.000).

Spores were stellate in apical view (fig.4). The four pyriform polar capsules were
of different size; one large, two intermediate and one small. The dimensions of spores
are recorded in table 4. Do to the very low level of infection only few spores were

measured (n=11) and Kudoa spores in lateral view were not observed.
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Figure 4 Mature spores in apical view of Kudoa sp. in S. colias

Table 4 Spore measurements of Kudoa sp. from muscle of S. colias, with mean+ standard deviation and range in
parentheses, in um

Spore Large polar capsule Small polar capsule
Width Thickness Length Width Width
11,74+2,46 6,91+1,64 4,90+0,68 3,80+0,92 3,26+0
(9,78-16,30)  (4,89-9,78) (3,35-6,52) (2,68-4,89) (3,26-3,26)

In two examined fish a localized muscle softening was observed. A dissection
was done and a yellowish mass surrounding by destroyed muscle was observed
(Figure.5 A, B). A more detailed observation revealed several parallel yellowish threads
about 7 mm long by 200-300 um wide. An optical microscopy examination revealed that
they are uterus filled with yellow eggs (Figure 6) different developmental stages (Figure
7). The eggs showed internal masses of undifferentiated cellular material or first
embrionary stages (Figure 8). The eggs measured 15-20 um long and had a thick (0.30
um) (Figure 9). These features lead to suspected to be didymozoids digeneans.
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Figure 5 Didymozoids in trunk musculature of S. colias. A) It is possible to observed the degeneration of muscular tissue
around the parasites (arrow) B) Detail of parasite were it is visible the uterus completely filled with yellow eggs.

Figure 6 Didymozoid eggs in trunk musculature of S. colias
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Figure 8 TEM micrograph showing the thick-walled (arrow) and the internal germ balls (g) of a didymozoid egg. Scale
bar= 0.5 um
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Figure 9 TEM micrograph showing several thick-walled didymozoid eggs. Scale bar =0.5 um
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In the phylogenetic analysis of 18S rDNA gene sequences (Figure 10),
Didymozoidae sp. SC-2016 sequence was closely related to the Didymozoidae sp SJ-
350 (LC003495.1) and Didymozoidae sp SP-2005 (DQ 87251.1), with a high bootstrap
(0.99) support. The phylogenetic analysis of 28S rDNA gene sequences (Figure 11) and
coxl (Figurel2) showed a high similarity between the SC-2016 and SJ-350 sequences
with a bootstrap (0.99) and (1.00) respectively. In all phylogenetic trees SC-2016

sequence was included in the clade comprising the muscle-parasitizing didymozoids.

Accacoelium contortum 18S (AJ287472.1)

0.726 |
Botulus microporus (KM538130.1)

0.986

Derogenes varicus ( AJ287511.1)

0.740

Prosogonotrema bilabiatum ( AJ287565.1)

Didymozoid sp. 1P02003 (AY222103.1)

Didymozoid sp. 2P02003 (AY222102.1)

0.797

Didymozoid sp. 3P02003 (AY222104.1)

Didymozoon scombri (AJ287500.1)

Didymozoidae sp. SJ-350 (LC003495.1)

0.873 0.999

Didymozoidae sp. SP2005 (DQ087251.1)

0.772 L———— Didymozoidae sp. Sc-2016

Didymozoidae sp. CH334 (AB745109.1)

Didymozoidae sp. DP280 (AB745099.1); (AB745100.1); (AB745101.1); (AB745105.1 ); (AB753488.1)
0.01

Figure 10- Maximum likelihood (ML) phylogenetic tree based on partial 18S rRNA gene sequences. GenBank accession numbers are
indicated in brackets. Numbers along branches indicate the bootstrap values and only those equal or above 0.5 are indicated.



FCUP | 26
Survey of parasites of Atlantic chub Mackerel (Scomber colias) with economic and public health
impact)

0.986 Derogenes varicus (AY222189.1)
_: Prosogonotrema bilabiatum (AY222191.1)
Thometrema lotzi (KC985236.1)
Didymozoon scombri (AY222195.1)
Neonematobothrium cf. kawakawa AA039 (KU290361.1)
Neonematobothrium cf. kawakawa AA030 (KU290360.1)
0.997 Neonematobothrium cf. kawakawa AB031 (KU290359.1)
Neonematobothrium cf. kawakawa AB032 (KU290358.1)
Neonematobothrium cf. kawakawa AB033 (1029978544)
Neonematobothrium cf. kawakawa AB034 (KU290356.1)
0_997[ Didymozoidae sp. SC-2016
Didymozoidae sp. SJ-350 (LC003496.1)
Didymozoidae sp. CH334 (AB745111.1)
Didymozoid sp. 3P02003 (AY222194.1)
Didymozoid sp. 1PO2003 (AY222193.1)
Didymozoid sp. 2P0O2003 (AY222192.1)

Didymozoidae sp. PM332 (AB745103.1); PM339 (AB753489.1)
Didymozoidae sp. PC333 (AB745107.1)

Didymozoidae sp. DP280 (AB725627.1); PC298 (AB725630.1)
Didymocystis sp. ex Scomberomorus maculatus MJA2016 (KU341980.1)
Didymocystis scomberomori (KU341979.1)

Melanocystis cf. kawakawa AA037 (KU290355.1)

Melanocystis cf. kawakawa AB028 (KU290354.1)

Oesophagocystis sp. 2 AB026 MS2015b (KU290345.1)

Oesophagocystis sp. 2 AB024 MS2015b (KU290347.1)

Oesophagocystis sp. 2 AB025 MS2015b (KU290346.1)

Oesophagocystis sp. 2 AA008 MS2015b ( KU290344.1)

Oesophagocystis sp. 1 AB021 MS2015a (KU290350.1)

.959 Oesophagocystis sp. 1 AB022 MS2015a (KU290349.1)

Oesophagocystis sp. 1 AB023 MS2015a (KU290348.1)

Oesophagocystis sp. 1 AA028 MS2015a ( KU290353.1)
Oesophagocystis sp. 1 AA027 MS2015a ( KU290352.1)
Oesophagocystis sp. 1 AB027 MS2015a ( KU290351.1)

— Didymocystis palati A10019 (FJ628628.1); A20020 (FJ628629.1)

Didymozoon longicolle A10039 (FJ628648.1 ); A20040 (FJ628649.1)

0[894 Koellikerioides apicalis PBT322 (AB725623.1)

u Koellikerioides apicalis A10012 (FJ628621.1); A20013 (FJ628622.1)

D.869 Koellikeria globosa A10037 (FJ628646.1); (FJ628647.1)

Koellikeria globosa PBT324 (AB725620.1)
L] Koellikeria sp. 'renalis' IM2009 M10018 (FJ628668.1)

0.839

0.817|

0.999

0.7681  Koellikeria sp. 'renalis' IM2009 A10041(FJ628650.1); IM-2009 A20042 (FJ628651.1)
Didymocystis wedli PBT321 (AB725626.1)
Didymocystis wedli A10033 (FJ628642.1), A20034 (FJ628643.1); A30035 (FJ628644.1)

0.807]

0.91
087 Didymocystis spirocauda A10005 (FJ628614.1); A20006 (FJ628615.1); A30007 (FJ628616.1)

Didymocystis lingualis M1a011 (FJ628661.1); M2a012 (FJ628662.1)

_|' Didymocystis bifasciatus M10016 (FJ628666.1)
Didymocystis semiglobularis A10001 (FJ628610.1); A20002(FJ628611.1)

0.950 L Didymocystis pectoralis A10008 ( FJ628617); A2009 (FJ628618.1); A40011(FJ628620.1)
Platocystis alalongae A10017 (260400583 ); A20018 ( FJ628627.1)

0.1

Figure-11- Maximum likelihood (ML) phylogenetic tree based on partial 28S rRNA gene sequences. GenBank accession numbers
are indicated in brackets. Numbers along branches indicate the bootstrap values and only those equal or above 0.5 are indicated
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Figure-12- Maximum likelihood (ML) provisory phylogenetic tree based on partial Coxl gene sequences. GenBank
accession numbers are indicated in brackets. Numbers along branches indicate the bootstrap values and only those
equal or above 0.5 are indicated

Anisakis type | larvae (L3) spirally coiled in a thin capsule adhering to the wall of
the host or free in the body cavity were detected in almost half of fish examined (P =

48%). The intensity of infection was always low (maximum intensity 5).

The specimens of Acantochephala detected were identify as Radinorhynchus
pristis. These parasites were also detected in approximately one half of the observed
fish (P = 52%). It was stated that Acanthocephala abundance were negatively correlated
with fish size (weight and length; r= -0.247; p=0.049 and r= -0.253; p=0.044,

respectively).
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5. Discussion

This is the first report of the occurrence of the genus Kudoa in S. colias on the
continental Portuguese coast. In the genus Scomber only Kudoa caudata, Kovaleva and
Gayevskaya, 1983, in Pacific Ocean, Kudoa hystolytica (Pérard, 1928) Meglitsch 1947
in Atlantic Ocean and Mediterranean Sea (Mauritania) and more recently Kudoa
scomberi Li, Sato, Tanaka, Ohnishi, Kamata, and Sugita-Konishi, 2013, in Pacific Ocean
where been detected (Kovaleva and Gaevskay, 1983; Shukgalter, 2004; Li et al., 2013;
Eiras et al.,, 2014). According, to Whipps and Kent (2006) K. hystolytica is
morphologically similar to Kudoa thyrsites. The spores detected in the present study
were very dissimilar to K. caudata and K. scomberi but though a little bigger in width,
they are morphometric similar with K. hystolytica and K. thyrsites. (Langdon, 1991; Shaw
et al., 1997; Yokoyama et al., 2004; Yokoyama and Itoh 2005; Whipps and Kent, 2006;
Levsen et al., 2008; Eiras et al., 2014). K. thyrsites infections levels seems to be quite
variable geographically and with host species. Prevalence values from 0.8 % in Scomber
scombrus from North Sea to 93% in farmed Salmo salar from British Columbia has been
reported (Langdon et al., 1992; Dawson-Coates et al., 2003; Levsen et al., 2008; Cruz
et al., 2011). However, the only reference of Kudoa infection levels in Atlantic chub
mackerel is that one of, Shukgalter, (2004) which refers a prevalence of 40 % of K.
hystolytica in S. colias (referred as S. japonicus) off Mauritania. In the present study

detected infection levels were much lower (less than 10%).

The presence of muscle-parasitizing didymozoid in S. colias from the continental
Portuguese coast is also reported for the first time. The eggs size and the sequence of
the 18S rDNA gene of the specimens detected in the present study (SC-2016) are
similar to that one's reported for muscle-parasitizing didymozoid from S. scombrus off
Spain (GeneBank ref. DQO087251) detected by Pascual et al., (2006) and specimens
detected off Japanin S. japonicus (SJ-350, GeneBank refLC003497.1) by Abe and
Okamoto (2015). The analysis of 28S rDNA and coxl SC-2016 sequences match 100%
with SJ-350. According, to these results there is no evidence to consider SC-2016 as a
different species. According, to the phylogenetic analysis performed it
was readily apparent that SC-2016 was included in the muscle-parasitizing
didymozoids clade. These results support the idea of Abe et al. (2014) suggesting the
muscle-parasitizing  didymozoids  differ phylogenetically = fromall the  other

didymozoids detected in other host-organ.
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Euphausiids are well known intermediate host of Anisakids, and are important
food source for the scombrids (Mazzocchi and Riberad Alcala, 1996). Moreover, the
geographical distribution of anisakid nematodes is conditioned by the presence of
appropriate definitive hosts in which the parasite can complete its life cycle as for
example, the common dolphin, Delphinus delphis, that occurs in Atlantic Iberian waters
(Silva, 1999). Prevalences of Anisakis sp. in Scomber sp. from Portuguese ZEE varied
around 60 to 100% (Costa et al, 2003; Silva and Eiras, 2003; Shukhgalter, 2004) and
several studies indicated that the parasitic burden increases with the age and the length
of the fish (Platt, 1975; McGladery, 1986;). In this study anisakids infection levels should
be consider low and were not correlated with fish length or weight, despite the tendency

of higher values of infection in the upper length fish classes.

Rhadinorhynchus pristis infection levels reported in the present work were similar
to the ones reported by Costa et al., (2011) in S. colias off Madeira islands. Although the
fish observed in this study belongs only to table size fish (between 26 to 32 cm). A
negative correlation was found between Acantochephala abundance and fish size
(weight, length). This results are probably related with food items selected by Atlantic
chub mackerel according to its size. Weib (1974) found that diet of S. colias 24 to 29 cm
long was based on copepods, the main intermediate hosts of Acanthocephala, while fish

between 30-37 cm long eat larger prey.

In conclusion, we can state that the parasites with impact on economy and public
health from Atlantic chub Mackerel (Scomber colias) collected around Matosinhos were
detected in relatively low levels so generally speaking, the fish were in very good and

safe conditions to be consumed fresh or canned.
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