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Production of Benedenia-resistant Yellowtail (Seriola quinqueradiata)
Families
–A Preliminary Approach to the Broodstock Candidates–
Tsutomu NODA＊1, Kazunori YOSHIDA＊1, Takurou HOTTA＊1, Hirotaka MIZUOCHI＊1,
Taro CHUJO＊1, Hideaki AONO＊2, Akiyuki OZAKI＊3, Kazuo ARAKI＊4, Mitsuru YOSHIMOTO＊5,
Hiroki OGAWA＊6, Yasuhiro SHIMA＊7, and Yuichiro FUJINAMI＊1

Abstract: The skin fluke Benedenia seriolae is a parasite specific to Seriola species. It feeds on the
epidermal tissues of yellowtail (Seriola quinqueradiata) and causes external injuries that render the
fish susceptible to bacterial and viral infection. Infection with this parasite is a serious problem for
yellowtail aquaculture because it also leads to a reduction in fish growth. A previous study has
reported the existence of an inherited Benedenia disease-resistance factor in yellowtail. Any
yellowtail families resistant to Benedenia disease have not yet been produced, although the
production of such families for aquaculture would potentially help to reduce not only infectious
diseases but also the labor costs to eradicate Benedenia. In this study, we investigated time series
changes of the number of Benedenia parasites on each host yellowtail for the purpose of selecting
Benedenia resistant broodstock candidates.
In September 2014, the number of individual parasites on 100 fish that were selected randomly
from 10,000 wild-caught 0-age yellowtail at an aquaculture farm was investigated and it ranged from
1 to 48 individuals / fish. Thus we selected 961 fish that has the lowest 10% parasite susceptibility
(3 or fewer Benedenia). The selected fish were then cultured in sea net cages and the number of
parasites on each was counted at five times between November 2014 and July 2015. The average
number of parasites per fish had a wide range from 0.2 to 39.4 individuals / fish over this period, and
the overall mean was 8.9 individuals / fish. One hundred sixty fish with lower than 3 parasites were
selected as broodstock candidates.
We are now using these broodstock candidates as parents to produce F1 yellowtail families for
Benedenia-resistant analysis using DNA marker-assisted-selection breeding methods.
Key words: Yellowtail (Seriola quinqueradiata), Skin fluke (Benedenia seriolae), Breeding, Benedeniaresistant family.
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Introduction

weeks after the treatment. Thus, the farmers have
to treat the cultured fish many times during the

Many fish species are farmed in Japan, and

aquaculture period and the treatment requires a

yellowtail is one of the most important species for

great deal of effort, as well as causing stress to the

aquaculture production (Fig. 1).

In yellowtail

fish via both handling and the freshwater treatment.

aquaculture, wild- caught juveniles are farmed to

A previous study of genetic analysis reported a

marketable size (Nakada 2008). However, fishing

heritable Benedenia resistance factor in yellowtail

season, abundance and size of wild juveniles are

(Ozaki et al. 2013). However, Benedenia-resistant

unstable. Additionally, fishing pressure on wild

yellowtail families have not yet been produced. The

juveniles for aquaculture could impact the natural

production of such families would help reduce both

resources of yellowtail. For these reasons, using

risks of infectious disease and efforts to eradicate the

artificial seed is anticipated to enable a more stable

parasite in aquaculture facilities. In the present

and sustainable aquaculture production.

study, broodstock candidates with a low parasite

Furthermore, farmers require seedlings with

count were selected for breeding value-added

additional value such as disease resistance and rapid

“Benedenia-resistant” yellowtail families.

growth during culture (Yoshida et al. 2012).
Materials and methods
Preliminary selection
The preliminary process focused on selecting
yellowtail with the lowest 10% parasite count among
10,000 wild-caught 0-age fish at Shimaura Aquafarm
Branch, Maruha Nichiro Corporation, Miyazaki,
Japan. Because there was no data available on the
parasite intensity for the selection, the initial step of
our study was to investigate the infection levels of
the yellowtail.
In September 2014, the frequency distribution of
the parasite number for 100 randomly selected fish
was examined (the procedure of the parasite counts
Fig. 1. Species composition of marine finfish
aquaculture production in Japan 2013. Total
production is approximately 240,000 tons (adapted
from the 2013 census of fisheries by Fisheries Agency
of Japan).

is described later).

The parasite count per fish

ranged from 1 to 48 individuals / fish, and the lowest
10% of them ranged from 1 to 3 individuals / fish (Fig.
2). From these data, we decided to select fish with 3

In yellowtail aquaculture, one of the serious
problems is the parasitic disease caused by the skin
fluke, Benedenia seriolae. It parasitizes the fish body
surface and feeds on the epidermal tissues. The
parasitization causes external injuries and increases
the risk of viral or bacterial infections, as well as
growth reduction of the host fish. At aquaculture
farms, the most common method to eradicate the
parasite is the freshwater bathing treatment.
However, new parasites resurface within a few

Fig. 2. Frequency distribution of the parasite count
among the 100 wild-caught 0-age yellowtail. The
frequencies from 20 to 48 (the highest value)
individuals / fish range from 0 to 2.
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or fewer parasites per fish, and 961 fish were

parasites on the fish body surface and the removing

preliminary selected from the sample of 10,000

ones in the bag.

yellowtail at the aquaculture farm. The mean of fork
Results and Discussion

length and body weight of these fish were
approximately 30.0 cm and 370 g, respectively.

Fig. 3 shows the changes in parasite count for 40
Selection for broodstock candidates
In November 2014, these preliminary selected fish

yellowtail with the lowest parasite count and 10
individuals with the highest parasite count in each

were transferred from the aquaculture farm to

net cage.

floating sea net cages at Goto Laboratory, Seikai

number of parasites per fish had a wide range from

National Fisheries Research Institute, Nagasaki,

0.2 to 39.4 individuals / fish over this period, and the

Japan. The mean (± SD) of fork length and body

overall mean parasite count was 8.9 individuals / fish.

weight of these fish were 36.5 ± 1.5 cm and 828 ± 109

Based on the results, a total of 160 fish (40 fish with

g, respectively. Of all the 961 fish, 800 fish that had

the lowest parasite count were selected from each

no obvious physical damage were selected and

cage) were selected for broodstock candidates with

passive integrated transponder (PIT) tags (Biomark

low parasitic susceptibility. The mean (range) of

Inc.) were inserted for individual identification. The

parasite count on these candidates was 3.3 (0.2–7.0)

fish were reared in 4 groups of 200 individuals in 4

individuals / fish. Additionally, the average parasite

net cages (A–D).

count for 9 fish was lower than 1.0 individual / fish

The examinations of parasite count on the
experimental fish (detailed in Yoshida et al. 2012)

Among 5 examinations, the average

during the experimental period, and these fish
showed remarkably less-susceptibility.

were performed at 5 times during November 2014

The purpose of further study is to establish

and July 2015. Because the number of Benedenia

Benedenia-resistant yellowtail families. In 2017, F1

parasites tends to decrease during winter, the

yellowtail hatchery juvenile will be produced from

counting of them was not conducted between

these selected broodstock candidates. Moreover, we

December and March.

At each counting, the

are developing DNA markers for marker-assisted

experimental fish were individually captured in a

selection breeding methods. In the F1 generation, we

mesh bag and then the bags were placed in a

will carry out both trait evaluation and also marker-

freshwater tank for 4 minutes (all Benedenia died

assisted selection by genetic analyses. The goal of

within 4 minutes). After that, the fish was identified

this study is fixation of the trait in the F2 generation

from the PIT tag, and the total number of parasites

and to produce Benedenia-resistant yellowtail families

was obtained by summing the remaining dead

for development of sustainable yellowtail aquaculture

Fig. 3. Time series changes of parasite count per yellowtail by the fish cage. The lowest 40 and the highest 10 fish
of parasite susceptibility were drawn. Because the number of Benedenia parasites tends to decrease during winter,
counting of them was nod conducted between December and March.
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Photoperiod and water

temperature manipulations were used to produce
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The main

level through hatchery-produced juveniles.

