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Editor

General Editor
gustav@kyst.no

Gustav-Erik
Blaalid

Finally!

The last two years have been special. For 
an industry like ours, normality means 
conferences, seminars, fairs and meetings 
- nationally and internationally. For an 
international commodity such as farmed 
salmon, international trade and meeting 
places are part of everyday life. But that 
has not been the case.

Since March 2020, the world community 
has moved into a vacuum where all 
meeting places were suddenly closed. 
Travel limited to a minimum. All the social 
meeting places were gone at once. In the 
meantime, practical adaptations have led 
to the social meeting places becoming 
digital. In many ways it has been positive, 
but no matter how one twists and turns 
reality - man is a social animal. We 
need each other. Impulses, exchange of 
experiences, conversations, handshakes 
and fellowship. This dimension has been 
severely damaged during the pandemic.

It is gratifying that the organizers of Aqua 
Nor and Nor Fishing in Trondheim can 
welcome an international audience, 

digital or physical to a fair closer to a 
normal situation than we have ever 
been for the last two years. We hope that 
this will be the starting point for other 
international fairs and conferences to 
eventually proceed as normal. 

We have missed the physical editions of 
fairs like AquaSur, the Brussels fair, which 
will eventually become the Barcelona 
fair, Boston Seafood, the international 
conference organized by the European 
Aquaculture Society and the World 
Aquaculture Society, and many more. 
Let's cross our fingers that this is the 
beginning of a normalization that will 
hopefully be in full bloom in 2022.

Dear reader and participant at AquaNor - 
this is the second time that Salmonexpert 
is publishing an extra edition for the fair, 
and again it is also in English. We are 
probably one of the few international 
media that will really be physically 
present at the fair. This is a consequence 
of international quarantine rules. But we 
are here.

Salmonexpert wishes 
all readers and trade 
fair participants a 
fruitful and rewarding 
AquaNor.
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Principal scientist at the  
Interdisciplinary Center for 
Aquaculture Research (Incar-Udec) 
Chile.

Dr Doris Soto

The role that aquaculture can play 
in achieving the SDGs

In 2015, Chile, as one of 193 member 
countries of the United Nations (UN), 
adopted the 2030 Agenda for Sustainable 
Development, which is an action plan 
in favor of people, ecosystems, and 
the equitable prosperity  to strengthen 
universal peace and the sustainability 
of the planet. Undoubtedly, the 17 
Sustainable Development Goals (SDGs) 
and the 169 defined targets will also 
be central elements to consider in the 
development of a new constitution for 
Chile.

Aquaculture faces these challenges at a 
global level. In a  Food and Agriculture 
Organization (FAO) publication soon to be 
published, we made a semi-quantitative 
evaluation of the progress towards SDGs 
for various aquaculture systems  in Latin 
America and the Caribbean. The main 
problem with achieving all the objectives 
is that there are “trade-offs”, that is, you 
win and advance with some but there are 
losses in others. Classic cases are salmon 
farming and tilapia farming in the region.

Salmon farming undoubtedly provides 
direct and indirect employment and 
has contributed to economic and social 
development in many communes in 
southern Chile. However, at the same 
time, the activity has negative impacts that 
are difficult to address and in some cases 
are not adequately evaluated, and which, 
in addition to these impacts, generate a 
poor social perception. Furthermore, the 
benefits of the sector in SDG 2, namely the 
provision of healthy food are perceived 

mainly in the countries where the product 
is exported and not at the national and 
local level.

It is also often the case that technological 
advances in production systems have 
some negative environmental and social 
consequences. For example, the transition 
from fish-based feed inputs to terrestrial 
inputs like soy and others greatly reduces 
the pressure on overexploited marine 
resources but can facilitate deforestation 
to plant more soy.

On the other hand, the great reduction in 
the feed conversion factor has generated a 
significant reduction in greenhouse gases 
in the case of salmon farming. But excess 
nutrients from fed fish in cages remain 
a potential threat for ecosystems, even 
reducing the ocean's ability to sequester 
carbon.

Technological advances such as RAS 
systems or offshore aquaculture offer great 
environmental benefits and advances 
in several SDGs, however they could 
facilitate the replacement of direct labor 
with reduction in employment, especially 
of people with less education. The 
technological innovation undoubtedly 
has tremendous potential, but it must be 
accompanied by social innovation and 
better governance to avoid and minimize 
“trade-offs”.

How to balance the objectives and take 
advantage of the opportunities that 
aquaculture offers?

Without a doubt, aquaculture has 
tremendous comparative advantages 
respect terrestrial animal protein 
production, particularly in relation to 
SDG 12 (responsible consumption and 
production) and 13 (climate action), and 
in relation to SDG 1 (no poverty) and 2 
(zero hunger). Specifically, it is necessary 
and urgent to develop and implement  
comparative evaluation systems to 
assess achievement of different SDGs 
considering and comparing positive 
social and economic impacts with 
environmental and social costs through 
adequate, complete, and transparent 
information.

We also need to better estimate the cost of 
environmental impacts, for which greater 
efforts are required from government 
and  private sector. The use of strategic 
indicators and the generation of  water 
quality standards for waterbodies where 
the activity takes place is essential to 
reward and or restrict the activity in 
response to the achievement of specific 
goals in relation to SDG 13, 14 (life below 
water) and others.

Better and more transparent information 
may also facilitate the much-needed 
community and intersectoral dialogue to 
improve the integration of aquaculture 
into coastal ecosystems and to recognize 
and realize its potential in sustainable 
development.

Opinion
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Recirculation systems

In chapter 13 of the compendium 
"Recirculation Systems in Aquaculture" 
published in 2020 by Salmonexpert, 
Marcelo Varela, general manager of 
Billund Aquaculture Chile, stated that from 
the years 2014-2015, for environmental, 
productive and health reasons, in Chile 
there was an almost absolute conviction 
that RAS was the only viable alternative 
for onshore production projects.

A controlled environment, less water 
use, effluent treatment, predictable 
production, better ova-smolt 
performance, among many others, are 
the advantages offered by RAS.

However, in the same chapter, experts 
agreed that high investment amounts, 
legislative restrictions, and lack of 
specialized professionals were the main 
limitations for the implementation of this 
type of project in the country.

Even so, in Chile and in the world, more 
and more companies are targeting this 
type of technology, increasing not only 

In its latest report "The state of world 
fisheries and aquaculture" of 2020, the 
United Nations Food and Agriculture 
Organization (FAO) forecast that 
aquaculture production will reach 109 
million tons in 2030, which represents an 
increase of 32% compared to 2018, when 
82 millions of tons were produced.

However, the report also states that the 
average annual growth rate of aquaculture 
will decrease from 4.6% in 2007-2018 to 
2.3% in 2019-2030. Factors contributing 
to this decline include: broader adoption 
and application of environmental 
regulations; less availability of water and 
adequate production sites; increased 
outbreaks of aquatic animal diseases 
related to intensive production practices; 
and decreased productivity gains from 
aquaculture.

Since 2013, salmonids have become the 
most important products traded in terms 
of value and with Chile positioned among 
the top ten aquaculture producers, the 
path to sustainable production that lasts 
over time is becoming more and more 
essential.

From higher stocking weights to post-smolts: 

Chilean productive reality
Not all Chilean salmon farming 
companies have post-smolt 
production within their plans, 
however due to a series of 
advantages there is a clear trend in 
increasing the size of smolts that go 
to sea sites.

Francisco Soto
francisco@salmonexpert.cl

Los Arrayanes post-smolt facilty in Reloncaví estuary, Los Lagos region. Image: Salmones Austral.

Chile review

RAS
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Mary Ann Rademacher, general manager 
AKVA group Land Based Américas. Image: 
AKVA group.

the number of facilities, but also the size 
of fish and volume of production.

“Over the years and with the growth of 
the sites in seawater, RAS smolt facilities 
have been increasing in size, both in 
the amount of smolts that they can 
produce and the size of the fish that are 
produced to transfer to the sea. This has 
led to different technological and design 
developments to gradually solve the 
challenges that arise, such as the use of 
production tanks with volumes greater 
than 500 m3”, says Mary Ann Rademacher, 
general manager of AKVA group Land 
Based Americas about implementation of 
recirculation in Chile.

Post-smolts?
Although there is a worldwide trend 
towards the production of post-smolts, 
the approaches of the different Chilean 
salmon farming companies are divided. 
While some have their vision set on 
directly producing post-smolts, others 
only seek to gradually increase their 
stocking weights.

Although the manager of AKVA group 
Land Based Americas cannot provide 
details of the projects they are working 
on, she comments that it is an analysis 
that has been going on for several years 
and has different sanitary, economic and 
logistical aspects, to name a few.

“Some companies are already in the 
process of building or at least designing 
facilities for post-smolt, while others are 
still analyzing whether it is something they 
want to integrate into their production 
strategy. The technological conditions 
already exist and today the decision 
passes more by other variables”, she 
explains.

One of the companies that is betting 
on this line is Salmones Austral, who 
are currently building a RAS facility in 
Llaguepe sector, Los Lagos region.

The facility has an estimated initial annual 
production capacity of six million post-
smolt and will use both fresh and sea 
water. It is already in the final stage of 
construction and is scheduled to enter 
into full operation in 2022, producing 
Atlantic salmon up to 500 grams.

The average weight of the company's 
smolts is currently 195 grams, gradually 
reached after starting with 100-gram fish 
in 2010. A similar situation to the Chilean 
salmon farming industry in general 
(Table). 

Andrés Sepúlveda, freshwater production 
manager at Salmones Austral, reveals that 
among his motivations to engage in this 
type of project is the company’s focus 
on sustainable salmon farming, which 
is friendly to the environment and the 
communities, which is more competitive 
and economically viable.

“The environmental and health factors 
in the sea are becoming more complex 
and, for this reason, the objective of this 
project is strategic. It will allow us to 
shorten the production periods, reducing 
the exposure of our fish to these risks”, 
explains the manager.

To achieve this last objective, according 
to Sepúlveda, the stocking weights at sea 
have been increasing to the extent that, 
on the one hand, Salmones Austral have 
generated the facilities to be able to do 
so and, secondly, because they have seen 
an advantage in sustainable technical-
economic development that makes the 
farming of fish in the sea more viable.

“Salmones Austral is on this road and 
we hope to double our stocking weight 
in a couple of years. There are some 
projects of other salmon farmers that are 
in execution, giving an important signal 
that the Chilean trend, as well as the 
Norwegian one, is in that line”, he said.

The 99% water recirculation smolt facility 
will be made up of three independent 
units: Winter, Summer and Post-Smolt. 
In the latter, the fish will be subjected to 
the same salinity as marine conditions. 
If everything goes as the company plans, 
Sepúlveda anticipates that the first fish 
should be entering in a couple of months.

Other strategies
The first salmon RAS facility in Chile - and 
the second worldwide – was installed 
in 2001 and belongs to the company 
Salmones Camanchaca. At that time, it 
was the largest smolt facility in the world 
for the intensive production of Atlantic 

Andrés Sepúlveda, freshwater production 
manager at Salmones Austral. Image: 
Salmones Austral.

Table. Continuous increase in the average 
stocking weight through the years. Database 
represent 89.4% of total Chilean Atlantic 
Salmon breeding: Source: Aquabench.

Atlantic Salmon

Year Stocking weight
2010 106

2011 100

2012 107

2013 113

2014 126

2015 132

2016 150

2017 155

2018 148

2019 163

2020 164

2021 174



salmon (14 million smolt of 100 grams), 
marking a milestone in the history of 
salmon farming.

After solving various challenges and 
overcoming natural disasters, the 
company has gradually increased the 
stocking weights to reach 140 grams today. 
Along this path, Alvaro Poblete, regional 
manager of Salmones Camanchaca, 
specifies that they have been modifying 
their freshwater production strategies, 
changing the weight of vaccination, 
temperature management, photoperiod 
and, in some cases, the use of salts that 
allow the smoltification period to be 
lengthened.

Contrary to Salmones Austral, Poblete 
believes that most of the producers are 
looking for a way to increase the weights 
of the smolts to lower the sanitary risk in 
the sea, but not to produce post-smolts 
directly, since this process would have a 
great limitation.

“Over a certain weight, fish must use 
seawater to avoid reversion. The latter 
is one of the limitations since it requires 
that the post-smolt systems be located on 
the coast so that they can discharge their 
waters into the sea. This is a significant 
barrier in economic terms. There are very 
few projects with approved permits, so 
the value of these (approximately US$ 
10 million) and the long times to obtain 
permits (approximately 7 to 8 years in 
Chile) are also a limitation”, establishes 
the manager.

However, Salmones Camanchaca is 
economically evaluating the investment 
in a RAS facility for smolts of more than 
250 grams. Similarly, Pedro Courard, 
Production Manager at Cermaq Chile, 
maintains that the production of 
post-smolts in Chile is not something 
generalized or a short-term need. In his 
opinion, companies that have these 
objectives have special conditions.

“There are only a few companies that 
are planning to produce post-smolts, 
however this is related to special and 
very particular conditions that would 
allow them to increase the production 
of some ACS* (Grouping of Salmonid 
Concessions). At the moment, and in 
my opinion, the increase in the weight 
of smolts is more related to improving 
production efficiency at sea”, estimates 
the Cermaq manager.

Pedro Courard adds that when the 
discussion of producing post-smolts 
began, one of the reasons was of a sanitary 
nature, mainly sea lice, and the possibility 
of reducing the cycle in seawater by up to 
three months. “Consequently, exposure 
to sea lice is reduced in the same period, 
thus improving the sanitary condition 
and at the same time reducing the costs 
associated with the lice treatments. In this 
area, today this is different since there are 
various strategies to manage the parasite 
in early stages,” he adds. Finally, regarding 
the legislation for this type of production, 
the executive clarifies that the regulation 
allows the production of post-smolts 
and does not encourage or restrict it, but 
that in some cases these stockings could 
increase the number of productive cycles 
within the same period of culture.

“With the current regulation, in some 
cases the sowing of post-smolts could be 
justified, in order to be able to produce 
two cycles within the same production 
period. However, this is associated with 
the risk that once the Environmental 
Report (INFA) is approved for the first 
stocking, for the second sowing the INFA 
turns out to be anaerobic with carries the 
possibility of the second sowing is lost”, he 
concludes.

Alvaro Poblete, regional manager at 
Salmones Camanchaca. Image: Salmones 
Camanchaca.

Pedro Courard, Production Manager at 
Cermaq Chile. Image: Cermaq.

*Established areas within the Chilean salmon production regions that present similar epidemiological, oceanographic, operational or geographical characteristics, so 
their sanitary management and regulatory measures are carried out in a coordinated manner for all sites.

RAS

Chile review

The case of Multiexport

Following its sustainability agenda, Multiexport Foods (like AquaChile) ended 
the production of salmonids in its three sites located in Rupanco and Llanquihue 
lakes, Los Lagos region.

In this scenario, the company is embarking on the construction of a new smolt 
facility in the town of Pargua, Los Lagos region, which is planned for the annual 
production of 4 million post-smolts of up to 500 grams in its first stage.

In his 2020 Report, José Ramón Gutiérrez, executive president of Multiexport, 
described the project as one of the “most modern fish farms of its kind in Latin 
America and one of the largest in the world for the production of post-smolts of 
the Atlantic salmon species”.

Within the production plans, the company plans to receive its first eggs towards 
the end of 2021 to begin delivering its first fish in the second half of 2022.
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Resilience factor

However, despite the heavy blow of the 
coronavirus, companies were able to 
cope well with the crisis, according to DNB 
Bank Senior Vice President Dag Sletmo. 
"The salmon farming sector dealt with the 
storm very well both operationally and to 
adapt to changing markets that are quite 
difficult to deal with."

"The contrast with the US meat processing 
industry, for example, is striking: it almost 
collapsed due to strong outbreaks of 
Covid-19 at its facilities. And financially, 
the majority of Chilean producers are 
robust enough or have sufficiently robust 
owners, to be able to go through some 
complex periods with losses", according 
to Sletmo.

2020 was a year where the "perfect 
storm" generated significant losses 
throughout the Chilean salmon industry, 
with a sharp drop in sales prices, which 
at times even stood at just over US$ 3 a 
pound, restrictions in a key channel such 
as Horeca, led by restaurants, due to the 
Covid-19 pandemic, and increases of up 
to 50% in logistics costs, mainly in air 
transport.

And although the salmon farming 
industry was able to continue operating 
throughout its production chain, as it 
is an essential sector in Chile linked to 
food, a great challenge was the markets 
that remained highly restricted by the 
coronavirus, with temporary lockdowns 
in China and Russia. This put pressure 
on the United States as a destination that 
began to open before the other countries.

Chilean salmon farming industry  

expects a positive 2021 
after the “perfect storm” 

The Covid-19 crisis brought losses 
to the entire Chilean salmon farming 
industry during 2020. However, 
companies anticipate 2021 with 
profits due to better prices, the 
greater opening of salmon markets, 
and falls in the local supply of the 
product.

Jonathan Garcés
jonathan@salmonexpert.cl

The industry was better able to withstand the crisis caused by the pandemic, mainly because companies had a healthier financial structure. 
Image: Salmonexpert.

Chile review

Financial results
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Financial results Q4 2020 Operational EBIT
Q4 2020

Operational EBIT
Q4 2019

(Euros per kilo of salmon)

Mowi Chile -0.49 0.79

* Converted from Chilean pesos to dollars, with a value of US $ 703.02, April 28, 2021.

2020 Chilean salmon producers results
(In thousands of dollars)

Company Profit / 
Loss 2020

Profit / 
Loss 2019

Income
2020

Income
2019 % variation

Aquachile * -306,848 100,277 1,185,948 1,262,421 -6

Multiexport 
Foods -74,148 43,425 476,028 568,402 -16

Salmones 
Camanchaca -31,627 42,352 255,363 338,959 -25

Blumar -76,138 3,316 263,635 211,175 25

Salmones Austral -27,516 29,957 179,698 240,469 -25

Nova Austral -79,500 -1,000 142,600 129,900 10

Yadrán -6,401 27,310 146,680 178,423 -18

This is confirmed by the general manager 
of Blumar, Gerardo Balbontín, who states 
that "the salmon farming industry was 
able to withstand better the crisis caused 
by the pandemic, mainly because the 
companies had a healthier financial 
structure."

In fact, Blumar managed to obtain new 
financing and reschedule debts for US $ 
300 million, and its capital increase of over 
US $ 40 million was successful, showing 
that the confidence in the national salmon 
farming industry, on the part of banks and 
shareholders, remains firm.

In this regard, the Manager of 
Administration and Finance of Australis 
Seafoods, Santiago Garretón, said that 
"we have seen that the companies 
managed to generate policies and adapt 
their production and commercial plans to 
this new reality, always trying to take care 
of our collaborators and their families 
always as a priority".

"This is how it was possible to harvest a 
historical volume for the industry - which 
exceeded one million tons - taking all 
measures to prevent and keep the virus 
under control and, at the same time, we 
organized ourselves as a sector to come to 
the aid and thus support the communities 
where we develop", Garretón stressed.

For his part, the vice president of Salmones 
Austral, Christian Samsing, commented 
that "each of the collaborators knew how 
to adapt and give their best to keep the 
companies operating in a very complex 
year. This is reflected in the volumes 
exported during 2020, which were equal 
to or greater than the previous periods".

Meanwhile, to navigate these more 
troubled waters, the companies had to 
reorient their entire strategy. For example, 
the general manager of Camanchaca, 
Ricardo García, reported to the stock 
market after the 2020 results that "in 
salmon, we focus on the segment that 
increased its sales: the supermarket, 
with products of greater added value 
that respond to people's needs of eating 
salmon at home."

"We put a superfood closer to the 
consumer, super easy to cook, and 
available in the different places where 
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they could be bought. In the last quarter 
of last year, these higher added-value 
sales represented more than 80% of the 
total", revealed García.

In Yadran's 2020 Annual Report, the firm's 
general manager, Benjamin Holmes, 
announced that during the pandemic, 
"due to the impossibility of reaching our 
fresh produce markets, we managed to 
change our product mix from 40% to 
frozen products in the first quarter to up 
77% in the last quarter. The search for 
business opportunities was also reflected 
in an increase in value-added products of 
8% compared to 2019, reaching 69% of 
the raw material sold".

"We managed to redirect sales to markets 
with better margins, increasing sales in the 
American market by 36% and the Russian 
market by 80% compared to 2019. From a 
financial point of view, the solid position 
with the one that the company started 
last year made it possible to overcome the 
lower market prices and the lower sales 
of the company, maintaining a working 
capital in line with the operational 
objectives", Holmes pointed out.

Lower ex-cage costs
In parallel, due to the better health 
situation of the local salmon farming 
industry during 2020, the ex-cage 
costs of a large part of the companies 
decreased, with good harvest weights and 
productivity in positive terrain.

An example of this is Multiexport Foods, 
which reported in its financial results 
last year that "the good health condition 
and productive performance of Atlantic 
salmon explain the 4% drop in exfarm 
costs in the fourth quarter of 2020 
compared to the same period of 2019. In 
turn, the exfarm cost of 2020 decreased 
3.2% compared to 2019".

Although Multiexport Foods EBIT reached 
-US $ 60.7 million in 2020, lower than 
the US $ 63.8 million in 2019 -explained 
by the drop in sales prices-, this was 
partially offset by a decrease in ex-farm 
costs mainly due to the good health 
performance of Atlantic salmon, with 
lower mortalities compared to 2019 (7.9% 
vs. 10.8%).

Blumar, for its part, reported in its financial 
results last year that its ex-cage cost for 
the fourth quarter of 2020 reached US $ 
3.5 per kilo wfe, a result 6% lower than 
that obtained in the same period of 2019, 
which was US $ 3.7 per kilo wfe.

"At the accumulated level in 2020, the 
ex-cage cost of the company registered 
US $ 3.4 per kilo wfe, resulting 14% lower 
than the accumulated 2019. These better 
productive results have their origin in 
a lower cost of health treatment, lower 
mortality, better food conversion, and 
higher productivity compared to the same 
period", stated Blumar.

What's coming
But how does 2021 come? DNB Bank 
Senior Vice President stated that "this 
should definitely be a better year due to 
higher prices. In 2020, the coronavirus 
hit food service very hard, depressing 
sales values. Covid-19 is still a problem, 
but the industry has already adjusted 
well by moving volumes to retail. And 
the foodservice industry has adjusted to 
some extent as well, focusing on takeout 
and home delivery. "

At the same time, remarked the DNB 
Bank representative, "the launch of 
vaccines is becoming significant in many 
countries, especially in the key market 
for salmon that is the US, which will 
allow the company to reopen, benefiting 
significantly to food service".

"Also, the market balance is much tighter 
this year due to the low growth in supply 
worldwide, driven by low volumes of 
salmon from Chile. At the same time, air 
transport may still take time to normalize 
fully amid the pandemic restrictions, 
which is negative for exporting fresh 
products from the Chilean industry to the 
United States, but in isolation. However, it 
is positive in the sense that a tight market 
in the Americas can, at the margin, obtain 
some protection from European imports 
in terms of prices", explained Sletmo.

The general manager of Blumar also 
pointed out that "given that the price of 
salmon last year reached historically low 
levels and this year has returned to more 
normal levels, it is expected that in 2021 
the Chilean salmon industry will have 

Gerardo Balbontín, General Manager at 
Blumar. Image: Salmonexpert.
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Dag Sletmo, Senior Vice President of DNB 
Bank. Image: Salmonexpert.
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Christian Samsing, Vice President of 
Salmones Austral. Image: Salmones Austral.

Santiago Garretón, Administration and 
Finance Manager at Australis Seafoods. 
Image: Australis Seafoods.

better results than last year". Is it possible 
to foresee profits? "It's what we all hope 
for," he replied.

In turn, the Administration and Finance 
Manager of Australis Seafoods, stated that 
"we have seen a fairly positive effect in 
terms of demand for salmon in our main 
markets, highly influenced by the growth 
of the retail segment, and although the 
low prices of the Last year they had an 
impact on our margins, the positive effect 
is that demand increased. On the other 
hand, we see that the supply from Chile 
reached record levels last year and, this 
year, a significant contraction is expected 
from the second quarter onwards, 
which also helps to have a better price 
perspective from now on".

"We observe that the industry in general, 
leaving aside the specific situation of 
algae bloom that impacted certain 
companies, is in a stable health situation, 
which suggests that the national salmon 
farming industry remains healthy with 
respect to its costs. Thus, we should 
return to record profits as an industry in 
2021," Garretón underlined.

While the vice president of Salmones 
Austral assured that 2021 "is going to 
be a better year anyway. Last year was 
marked by the great uncertainty that the 
pandemic meant and, although we had 
to face great challenges, we knew how 
to be resilient to maintain production 
levels. We believe that 2021 will be a 
year of transition because we will still be 
experiencing some impacts of the health 
crisis, although we will be better prepared 
to face them. We hope that the sector will 
operate normally again in 2022, once the 
effects of the pandemic dissipate".

"In any case, it is relevant to note that, 
given the recovery that salmon prices 
have shown in the first months of 2021 
compared to the values recorded in the 
second half of 2020, we anticipate that 
this year will be better, which should be 
reinforced as traditional markets (hotels, 
restaurants and catering) continue their 
gradual opening process at a global level. 
So the Chilean industry expects that these 
higher prices will translate into positive 
results at the end of this year," said 
Samsing.

In his report to the fourth quarter of 2020, 
Mowi highlighted that after experiencing 
prices greatly affected by the coronavirus 
last year and a high seasonal supply of 
salmon, a strong increase in sales values 
began at the end of the period and 
especially, in January 2021.

"The shift in demand towards higher 
value-added products continues in the 
main salmon farming market, which is 
the US, with stable year-on-year cost 
development and good biology in 
general," Mowi said in its 2020 report.

In its 2020 results, Agrosuper reported that 
at the aquaculture segment level, through 
its salmon farming arm AquaChile, "the 
vaccination process allows projecting 
a gradual opening of the Foodservice 
channel, the recovery of demand in 
relevant markets (such as the US, Brazil, 
and China) and the stabilization of global 
logistics services, which together with 
the capture of synergies derived from 
the integration with the fish-producing 
companies acquired in 2018, should have 
a positive effect on business margins by 
mid-2021".

Therefore, the Chilean salmon industry, 
in addition to forecasting a possible 
2021 profit after the losses in 2020 due to 
lower restrictions on vaccines against the 
coronavirus and a drop in world supply, 
has a point in favor: that the crisis meant 
the opportunity to promote channels 
such as the supermarket, with more 
value-added products, which will allow 
the sector not only to recover the food 
service area as it opens completely but 
also to gain consumers who will probably 
eat more at home after the Covid-19 
crisis.
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farming", because of presentation and 
epidemiological evolution shown in 
health surveillance results.

Production
According to data from Chilean data 
analysis, investigation and auditing 
company Aquabench, smolt stockings 
in 2020 decreased by 2% on average 
compared to 2019 (Figure 1). There were 
differences in the distribution of stockings 
during the year, where the first semester 
stocking volume was 20% lower than in 
2019, recovering this difference in the 
second semester.

The average stocking weight was another 
parameter that was also increased in the 
three species: Atlantic salmon by 1%, 
rainbow trout 10% and coho salmon by 
42%.

Within the context of the Covid-19 
pandemic, 2020 was marked by low prices 
for Chilean salmon at the international 
level, transport logistics problems and 
productive changes at national level such 
as delays in stocking, with higher weights 
of entry into the sea, and an increase in 
harvest weights.

However, in the health field, the industry 
remained "stable" with a small increase 
in mortality (0.22%), both by species and 
by region, but showing changes in the 
distribution of mainly infectious causes of 
mortality.

In this context, Fishing and Aquaculture 
Service`s (Sernapesca) 2020 health 
report on salmon farming in marine 
sites highlights the definition of 
tenacibaculosis, AGD and HSMI as 
"Emerging Diseases in national salmon 

Productivity and health 
performance of Chilean  
salmon farming in a "stable" year

With mortalities similar to 2019, 
2020 stood out for high harvest 
and stocking weights, controlled 
parasitic loads and an increase in 
tenacibaculosis diagnoses.

Francisco Soto
francisco@salmonexpert.cl

The total accumulated fish harvest to December 2020 was 1,043,000 tons, 9.4% higher than in 2019. Image: Salmonexpert.
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The total accumulated fish harvest to 
December 2020 was 1,043,000 tons, 9.4% 
higher than that registered in the same 
period of the previous year, and with 
positive differences also for the three 
species, according to published data 
from the Undersecretariat of Fisheries 
(Subpesca).

A historical fact that the industry registered 
last year was the record average weight 
of harvested Atlantic salmon which, 
according to Joel Leal, general manager 
of Aquabench, reached 5.92 kilos in the 
month of October.
 
“The most notable thing was that, despite 
the pandemic, the logistical problems 
both for the transfer of smolts, the supply 
of food, the harvest and their processing, 
the main productive indicators were not 
affected and ended up within ranges 
already registered in the previous two 
years (Figure 2),” explains Leal.

Mortalities
The monthly mortality percentage 
registered by Sernapesca reached a 
maximum of 1.33% (in April) and a 
minimum of 0.60% (in August). The 
monthly average was 0.97%, which is 
0.22% higher than in 2019, a situation that 
is reflected both by species and by region.

In the case of Atlantic salmon, the most 
important cause of mortality reported 
was Infectious disease (24.4%), followed 
by Mechanical damage (17.4%) and 
Environmental (13.1%). Of the total 
infectious causes, piscirickettsiosis, 
tenacibaculosis and BKD lead the list 
(Figure 3), highlighting the 17.3% increase 
in the disease caused by Tenacibaculum 
sp.

The same case was evidenced in rainbow 
trout, where piscirickettsiosis and 
tenacibaculosis grew by 17.8% and 0.4%, 
respectively, while BKD decreased by 
17.9% (Figure 4).

On the other hand, the main causes of 
mortality in coho salmon were elimination 
(23.7%), followed by misfits (16.2%) and 
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1 The values correspond to those obtained directly from Aquabench Databases (AD). To extrapolate to 100% of the Chilean industry, it is necessary 
to use the estimated representativeness of the AD, which is an average 92.3% (Coho: 100%; Atlantic Salmon: 89.4% and Rainbow Trout: 100%). All 
the information presented considers the three salmon farming regions.
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Figure 3. Mortality distribution according to Primary cause (A) and Disease (B) in Atlantic salmon. Source: Sernapesca
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environmental (15.8%). The infectious 
classification went from second place in 
2019 to fourth place in 2020. In the latter 
category, jaundice syndrome and HSMI 
increased by 5% and 1.5% respectively, 
and tenacibaculosis decreased by 14% 
(Figure 5).

Regarding the disease caused by 
Tenacibaculum sp., Marcela Lara, 
Sernapesca's deputy director of 
aquaculture, comments that the Service 
has constant monitoring of the evolution 
of the mortality classification and has 

convened a committee to review different 
aspects of this pathology.

“From 2018 to date, we have seen the 
start of issuance of veterinary medical 
prescriptions and declarations of 
antimicrobial treatments to control 
this disease. Requests for field trials to 
evaluate the efficacy of vaccines (still in 
development) is another indicator that we 
record. For this reason we have convened 
the veterinary committee where scientists 
and industry professionals participate, an 
object of review of the surveillance of this 
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Figure 4. Mortality distribution according to Disease in rainbow trout. 
Source: Sernapesca

Figure 5. Mortality distribution according to Disease in coho salmon. 
Source: Sernapesca
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disease, its prevention and the therapy 
that is being applied,” says Lara.

Sea lice
The results of the health report regarding 
caligidosis, disease cause by the sea lice 
Caligus rogercresseyi, show differences in 
Chilean productive regions. For Los Lagos, 
the highest average loads of Ovigerous 
Females (HO) were concentrated during 
the first three months of 2020 and then 
remained below 3.0 average HO. Between 
April and October, the trend was similar to 
the previous year, while the lowest loads 
in 2020 were recorded in November and 
December.

Meanwhile, in Aysén the highest loads 
were concentrated between May and 
June, and decreased in July and August, 
which is the opposite to what happened 
in 2019 when the highest loads of the year 
were registered between July and August .

“In Los Lagos region, a downward trend 
has been observed in the average HO 
load reported since March. Meanwhile, 

in the Aysén region, the parasite loads 
remain stable throughout the period. In 
both regions, caligidosis has shown a 
downward trend and has stabilized the 
average HO numbers,” says Sernapesca’s 
deputy director of aquaculture (Figure 6).

For their part, only the Group of Salmon 
Farming Concessions (ACS) 52, 53, 54A, 
54B, 56, 57 and 58 in Magallanes region 
reported the presence of Caligus, with 
average regional loads less than 0.2 HO 
and the maximum lower than reported 
during 2019. However, during 2020 
Sernapesca detected an increase in the 
number of sites that declared parasite 
loads.

In addition to these results and despite the 
logistical problems evidenced last year, 
Lara highlights the emergence of non-
pharmacological tools that, compared 
to previous years, have registered a 
considerable upward trend.

“It should be noted that the number of 
salmon farming companies that include 
these alternatives within their control 
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Figure 6. Number of sea lice CAD and prevalence in the Los Lagos and Aysén region, January 2019 to December 2020. Source: Sernapesca.
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strategy has increased. Within these tools, 
therapies with fresh water, pressurized 
water, thermal and plant extracts and/or 
essential oils were considered,” Lara says.

Piscirickettiosis
Another disease under a strict surveillance 
and control program is piscirickettsiosis 
(SRS). In general, the data presented 
in the Sernapesca health report show 
that the prevalence of categorized sites 
maintained a seasonal behavior, with a 
higher proportion of sites affected during 
the summer-autumn period, especially in 
Aysén region, but with a similar behavior 
to what was evidenced in 2019.

However, it was in the Los Lagos region 
where an increase in the proportion of 
alert sites and Hight Dissemination Sites 
(CAD) can be seen at the beginning of 
2020, compared to 2019.

As in the case of caligidosis, the deputy 
director of aquaculture reports that they 
are evaluating an update of the national 
control program (PSEVC-SRS), according 

to the epidemiological evolution of the 
disease based on surveillance, vaccine 
efficacy, frequency and efficacy of 
antimicrobial therapies..

ISAv
During 2020, the cases detected by 
the Service that corresponded to the 
HPR0 variant registered a maximum 
prevalence of 34.8% in the month of 
July-August (Figure 7). There were only 
three detections of sites categorized as 
confirmed other HPR (HPR-deleted), 
a prevalence of 0.8%, and one case 
categorized as an outbreak in Magallanes.

Of note was the detection of the 
genetic variant of the ISA 19A virus in 
a pisciculture, a pathogenic strain that 
had not been detected in Aysén region. 
This pathogen was effectively controlled 
with the respective elimination of 1.1 
million smolts. However, the former 
national director of Sernapesca, Alicia 
Gallardo, described the case as "with an 
epidemiological condition that we had 
not studied before".

The irruption of losses 
associated with 
Tenacibaculum, which 
increased significantly 
last year, should also
be considered.
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Progress of Caligus and SRS
Projects by Aquabench

In May of this year, the Caligus and SRS Projects will complete 8 and 5 years, respectively, working with the salmon farming companies 
in the search and coordination of good practices for the prevention and control of these two diseases.

An important proportion of the achievements made have been possible thanks to initiatives such as the Caligus Workshop, which 
had its second edition in November 2020. On that day, the main development axes projected until 2022 were defined, on which the 
following joint actions will be concentrated:

• Coordination of High-challenge Caligus Neighborhoods
• Non-Contact Preventive Strategies
• Pharmacological baths quality
• Normative
• Studies

According to Daniel Woywood, technical manager of Aquabench, the project carries out monthly effectiveness monitoring and 
facilitates sharing of good sanitary practices regarding the application of the different antiparasitic products, which has allowed their 
use to be optimized and has at the same time reduced the parasite loads.

"During 2020 a historical event occurred among the companies participating in the project. Of the total antiparasitic treatments 
approximately 20% corresponded to non-pharmacological alternatives and hydrogen peroxide, which is a great advance in reducing 
the use of pyrethroids and organophosphates. In addition, we constantly monitor the sensitivity to Azamethiphos, and we can indicate 
that in the last three years it has tended to stabilize,” emphasizes the manager.

In the SRS Workshop held on 2019 within the context of SRS project, lines of action were defined aimed at the descriptive and 
statistical study of this disease, for which Aquabench has formed a data analysis area under the charge of professional epidemiologists. 
These focuses of action are summarized as the following:

•Analysis:
  o Vaccination strategies
  o Functional diets
• Workshops:
  o Good practices in preventing South American sea lion (Otaria flavescens)
  o Good practices in productive and emergency oxygenation.
• High-challenge SRS Neighborhoods
• Seminars

"The constancy of both projects, the high participation of the companies in the different technical committees and the will to jointly 
address common health problems, are the main factors that our clients value and allow them to trust these projects," explained 
Woywood.

Companies participating in both projects: Australis Mar, Blumar, Camanchaca, Cermaq, Cultivos Yadran, Invermar, Marine Farm, Mowi, 
Multiexport, Salmones Antarctica, Salmones Austral, Salmones de Chile, Ventisqueros and Intesal.

Evaluation

Marcela Lara qualifies the 2020 health 
results as “a good performance in the 
surveillance and timely action of diseases. 
In addition, Chile maintained its condition 
free of High Risk Diseases (exotic), with a 
sampling effort of more than 26,000 fish 
analyzed”.

For his part, Aquabench general manager 
Joel Leal maintains that, in general, 
“the year 2020 was characterized by 
challenging situations in environmental 
terms, especially by marked oxygen drops 

in the autumn that caused losses and a 
lot of stress. This, added to other factors 
such as the delay in some treatments due 
to logistical problems, may have had an 
impact on an increase in losses due to 
SRS”.

“The irruption of losses associated 
with Tenacibaculum, which increased 
significantly last year, should also 
be considered. Caligus, on the other 
hand, seems more content with more 
alternatives currently available in the 
toolbox for its control,” concludes Leal.
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the dynamics of HABs in Chilean 
coastal waters from the environmental-
microbiological point of view.

This project has a duration of five years, 
beginning in April 2018 and ending in 
March 2023.

Objective and members
According to what was detailed by the 
project representatives, the initiative 
proposes to understand the HABs as a 
holobiome (holo = complete; biome = 
ecosystem), focusing specifically on the 
characterization of biological interactions 
between the constituent microbial 
species, to elucidate the dynamics of 
these blooms.

Among the objectives of the initiative are: 
identify at genetic level the constituents 
of the HABs holobiome; identify microbial 
groups that determine HABs dynamics; 
detect and predict some harmful 
algae species and pathogenic bacteria 
associated with HABs, and establish 

Harmful Algal Blooms (HABs) currently 
represent a major threat to the 
aquaculture industry in general, as well 
as to the marine ecosystem, artisanal 
fisheries and people.

It is worth remembering the 2016 
Pseudochattonella cf. verruculosa algae 
bloom episode in Los Lagos region, which 
caused a large-scale salmon mortality, 
leaving large losses in the industry which 
exceeded US$ 100 million in the first 
quarter of that year.

In order to be able to identify at the 
genetic level the constituents of the 
HAB holobiome, Chilean and Japanese 
scientists are developing an ambitious 
project.

The Chilean-Japanese binational 
cooperation initiative, "Development 
of monitoring methods and prediction 
system for harmful algal blooms for 
sustainable coastal aquaculture and 
fishing in Chile (Monitoring Algae in 
Chile)", or MACH, seeks to characterize 

Chilean-Japanese 
binational project 
seeks to understand the origin of HABs on Chilean coast

Scientists from both nations are 
working hard to characterize 
the dynamics of harmful algal 
blooms (HABs) in Chilean coastal 
waters from an environmental-
microbiological point of view.

Karla Faúndez
karla@salmonexpert.cl

The name of the project is "Development of monitoring methods and prediction system for harmful algal blooms for sustainable coastal 
aquaculture and fishing in Chile (Monitoring Algae in Chile)". Image: Satresp MACH Project.
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a consortium of actors made up of 
academia and the public and private 
sectors, to mitigate periods of HABs in 
Chile.

Japan is represented by the universities 
of Hiroshima, Kyoto and Okayama, as well 
as the National Institute for Research in 
Fisheries Sciences.

The Chilean institutions present in the 
project are the universities of La Frontera 
(UFRO), Antofagasta and Los Lagos, and 
Fisheries Promotion Institute (IFOP).

Likewise, the leading institutions in 
this consortium are the University 
of Hiroshima, through PhD. Fumito 
Maruyama and the University of La 
Frontera, through PhD. Milko Jorquera.

Our data have not 
only revealed great 
microbial diversity, but 
also that, according 
to the latitude, 
significant differences 
can be observed in the 
compositions of the
planktonic 
communities.

Advances

Here, Jorquera, provides more details of 
the progress of this international project, 
which he hopes will be a contribution for 
both nations in terms of being able to 
identify the emergence of HABs, as well as 
proposing future mitigation measures.

After just over two years of execution 
of this project, what are the main 
advances of the initiative?

For two and a half years we have been 
able to carry out the monitoring of 14 
points throughout Chile, from Antofagasta 
to Punta Arenas. To date, we have carried 
out 473 samplings with 1,419 processed 
samples and 1,165 (82%) sequenced 
samples, in addition to the collection 

Advances in microalgae blooms remote sensing

At the end of 2020, Csiro company, the National Research and Development Agency (ANID), and the Fisheries Development Institute 
(IFOP) presented a collaborative work that sought to classify the hyperspectral fingerprint1 of HABs in Chilean waters.

The results of this project delivered new satellite algorithms that, for the first time, were customized for Chilean waters, a finding that 
represents a step forward not only to understand HABs in the future but to minimize their noxious effect.

The study represents the first stage, whose objective is to collect field and laboratory information, which allows improving the use of 
satellite images to have early warnings and other aspects related to HABs.

According to Dr. Leonardo Guzmán, head of the IFOP's Aquaculture Research Division, not only is it enough to have satellite images, 
but they must be properly interpreted to provide pertinent answers.

The project will allow knowing with satellite images what type of microalgae could be causing the event associated with the affected 
geographic area. According to Dr. Guzmán, "A key aspect is to know what the water conditions are with respect to the limitations that 
affect the use of satellite images to link them to HABs, something for which there was no previous precedent."

This information allows incorporating the due correction to the satellite images for the water of the Chilean fjords and channels. Added 
to this is the development of knowledge about the pigments that characterize various microalgae, which are known to be harmful and 
typical of Chilean waters.

Meanwhile, for Jonathan Hodge, director of the Csiro Chile Data Science and Integration Program, satellite observations are key 
monitoring and research components. However, "global products can carry errors in complex coastal areas, where local variation in 
sediment types, dissolved organic material and different species of algae have significant effects on the propagation of errors."

The specialist believes that local calibration and validation are essential to make data products that are confidently used. Based on 
existing knowledge and experience, and the project's development, it is possible to "better understand the local optical properties so 
that we can develop remote sensing algorithms adapted to Chilean conditions."

Beyond detecting HABs, the system enables the retrieval of information from satellites to improve planning and strategic decision-
making.

Like Dr. Guzmán, Hodge emphasizes that "this means that not only the salmon industry but the community, governments and other 
researchers could have better information to improve long-term sustainability activities in the coastal zone, including aquaculture, 
desalination, fishing, and others. This project is a critical enabling step in turning these new custom algorithms into operational 
products that can be used on a day-to-day basis. "

1 Hyperspectral images are obtained from cameras with sensors that capture multiple bands of light in different ranges of the electromagnetic spectrum - Beauchef Magazine - 
FCFM.
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Researchers from different academic institutions are working on the project. Image: Satresp 
MACH Project.

Researchers from different academic institutions are working on the project. Image: Satresp 
MACH Project.

Mobile laboratory of the project. Image: Satresp MACH Project.

of environmental information, such as 
temperature, salinity and nutrients.

By performing the samplings, we were 
able to standardize the protocol and the 
methods used, which were published 
in the scientific journal "International 
Journal of Environmental Research and 
Public Health" with free access.

Protocols and methods have also 
been established for the isolation and 
cultivation of bacteria and seaweed 
(unpublished).

Furthermore, a sufficient number of 
isolates and the identification of some 
species based on marker genes are being 
carried out. In addition, informative 
investigation of candidate genetic factors 
for recent algae-related interactions was 
completed; while genomic analysis and 
practical demonstration are the remaining 
tasks.

At what stage is the project?

At this time, we are analyzing all the data 
collected from the 14 monitoring points of 
the last two and a half years.

Currently, two approaches are being 
developed to develop a model for 
forecasting HABs, one focusing on 
important species and their interactions, 
and the other using data on how harmful 
microalgae respond to environmental 
conditions.

Part of this work is being carried out using 
40 years of phytoplankton monitoring 
data carried out by the Technological 
Institute of Salmon (Intesal) on the 
microalgae that cause the red tide (HABs).

What are the main species of microalgae 
that this project monitors?

Through massive DNA sequencing, we are 
deciphering the diversity of phytoplankton 
and its associated bacterioplankton 
present in the Chilean coasts. Between 
January 2019 and January 2020 alone, 
at least 25 harmful taxa from different 
groups of microalgae were identified by 
molecular techniques. 

This cannot be done using traditional 
microscopy techniques, since many of 

Chile review
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these microalgae cannot be detected by 
these traditional techniques.

Our data have not only revealed great 
microbial diversity (with some species 
not previously reported in coastal waters 
of Chile), but also that, according to the 
latitude, significant differences can be 
observed in the compositions of the 
planktonic communities.

We have focused our efforts on the specific 
detection of species of relevance to Chile, 
such as Alexandrium catenella, to name 
one of the many harmful microalgae that 
exist in our country.

Suitcase Lab box

As part of the development of this project, Chilean and Japanese scientists created 
a portable molecular diagnostic device to detect toxic microalgae directly in 
aquatic environments. 

The device, called “Suitcase Lab”, consists of a portable fieldwork tool that works 
by extracting DNA from a seawater sample with microalgae.

Then, it is possible to amplify and recognize by fluorescence under ultraviolet light 
a segment of this DNA, which is unique and distinctive of the microalgae to be 
identified.

The development is based on the Loop-Mediated Isothermal Amplification (LAMP) 
technique, which amplifies small amounts of DNA at a constant temperature of 
60-65°C.

The Suitcase Lab measures are 47×39×90 cm, weighs 33 pounds and contains 43 
tools that include everything necessary to perform the detection such as sterile 
tubes, pipettes, filtration units, reagents, centrifuge, computer, among others.

ID Region Location (code) Latitude Longitude Sampling # DNA #

1 Araucanía Puerto Saavedra (MPAT2-2) -38.8043 -73.5165 15 45

2 Calbuco Calbuco Paso Quenu (L04) -41.8072 -73.1672 14 42

3 Puerto Montt Metri (L01) -41.5967 -72.7056 103 309

4 Puerto Montt Club de Yates (NA) -41.2757 -72.5625 49 147

5 Bahía Mansa Bahía Mansa (MPLT1-2) -40.5812 -73.7371 15 45

6 Cucao Cucao (MPLT8-2) -42.5736 -74.2586 16 48

7 Quellón Isla San Pedro (L23) -43.3133 -73.6617 38 114

8 Melinka Isla Julia Grupo Peligroso 
(A04) -43.9014 -73.7014 38 114

9 Punta Arenas Bahía Buena (M36) -53.373 -70.5458 11 33

10 Antofagasta
Puerto 2.5 m

-23.65159 -70.41451
14 42

Puerto 5 m 14 42

11 Antofagasta
Capilla 2.5 m

 -23.64415  -70.39953
14 42

Capilla 5 m 14 42

12 Antofagasta Puerto Costa -23.68019 -70.42228 71 213

13 Antofagasta Capilla costa  -23.68248  -70.41597 71 213

14 Osorno Bahía Mansa -40.58123 -73.73709 49 147

Total 546 1638

Location of the 14 project monitoring points throughout Chile
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Interview

Njord Trade Agency

In addition, they are currently in 
conversations with other three main 
actors from Norway who are looking 
with great interest at the Chilean market 
development.

What attributes do the Norwegian 
companies you represent have, and 
how can they benefit local salmon 
farming?

We based our business on honesty, 
consciousness and integrity and we 
always assure that these values are 
well represented in everything we 
do. That’s why all the companies we 
represent contribute to make our 
clients’ operations safer, cost efficient 
and respectful of the environment and 
human health. In addition, they fulfill all 
local and international norms, rules and 
regulations; something that sadly is not as 
common as one should expect.

Rodrigo Mendoza and Trygve Nystoyl are 
the representatives of the Njord Trade 
Agency (NTA) in Chile, an organization 
that offers customized solutions based on 
combined knowledge from Chilean and 
Norwegian salmon farming and maritime 
industries. After more than 20 years 
involved first as clients and end users 
of Norwegian companies, today they 
represent their client´s interests in Chile. 

A great example is NetKem AS, with their 
impregnating agents for nets, net cleaning 
agents and disinfectants, who have been 
the pillar for establishing the Agency. 
They also represent Sublutions AS, a 
company that introduced ROVs on the 
market; SkaMik AS, a mechanical salmon 
louse treatment that offers exceptional 
efficiency; and Østerbø Maskin AS, with 
pump units and solutions for in-situ 
cleaning. 

For the executives of the NTA in 
Chile, this is the right moment to 
analyse and take into consideration 
the opportunities for investing 
in Chile, adding value to the 
companies. Economic growth and 
public transparency are factors that 
make them believe that the future in 
Chile is bright. 

Daniella Balin
daniella@salmonexpert.cl

NetKem AS, Sublutions AS, SkaMik AS and Østerbø Maskin AS are the curent Norwegian companies represented by NTA in Chile. 
Photomontage: Salmonexpert.

“Norway's role in investing 
in Chile is important,
but it could be even bigger”
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What are the opportunities for foreign 
companies in Chilean aquaculture? 

Remembering how the farming was done 
in Norway in the nineties, the incredible 
development we’ve seen since then 
combined with the fact that protein 
demand will increase in the future, we 
see great opportunities for Norwegian 
companies with products and solutions 
that improve the general fish health for 
Chilean producers. 

Knowing that a healthy and tidy site 
doesn’t have a negative impact on the 
surroundings and the environment (as 
we see on more poorly maintained sites), 
that a healthy fish grows faster, gains 
superior quality and achieves a higher 
market price, the successful strategy must 
be based on giving the farmer the right 
options before the fish is even close to the 
stocking by providing and choosing the 
correct materials, products and solutions.

What is your view regarding entry and 
settlement barriers for companies 
that provide services/products to the 
salmon farming sector in the Chilean 
market?  

In our experience the biggest barriers are 
bureaucracy to get an operation running 
(environmental impact, construction 
and sanitary permits, municipal license 
for example) and the cultural differences 
regarding punctuality and productivity 
rates. Although procedures to create 
a new commercial society are getting 
faster - between one week if you use the 
tuempresaenundia.cl platform, to three 
weeks if you establish by public deed 
before a public notary (recommended) - 
a new business will need a residence for 
tax purposes, a Tax-ID  and a local legal 
representative. 

Also, you could find problems opening a 
bank account for your new business (since 
you don’t have any commercial behavioral 
record). That’s because there’s lack of trust 
in most of the commercial transactions 
and you’ll be asked to perform more legal 
formalities than you are used to and that’s 
why proper guidance is recommended. 

Nevertheless, once you are established 
the business environment is suitable 
to prosper, since Chile provides the 

conditions to invest - a solid economic 
foundation that makes the country the 
OECD’s highest ranking economy in 
South America and a natural hub for 
Latin America based on all the free trade 
agreements sign in the past 25 year 
(64 countries and access to 4.3 billion 
consumers).

Although salmon farming worldwide 
has similarities, each country has 
different challenges, especially in the 
health, environmental and legislative 
fields. How are imported technologies 
adapted to local needs? 

Most technologies developed for the 
aquaculture and maritime industries in 
Norway can be successfully applied in 
Chile, especially those that have focus 
on improving fish health and care for 
our environment; it is in those aspects 
where we recognize more space for 
improvements in practices, processes, 
and final results. We’ve seen that focus 
on proven quality products from A to Z 
gives better profit for the farmer, lower 
mortality and a better overall result with 
a lesser negative environmental impact.

The settlement of salmon farming in 
the country has encouraged national 
suppliers to strengthen their services 
and products. How can imported 

Trygve Nystoy and Rodrigo Mendoza are the representatives of the Njord Trade Agency (NTA) 
in Chile. Image: NTA.

technology/products/services be 
complemented by those delivered in 
Chile?

An important task is to provide the right 
options to the farmer, independent of 
origin. With today’s technology most 
of the solutions can be implemented 
or combined to achieve the highest 
efficiency. 

There will always be a co-existence, 
and as long as we maintain respect 
the competition between developing 
solutions and products is an important 
driving force to achieve perfection, 
independent of borders and other 
barriers. 

What advice would you give foreign 
companies that want to settle in the 
country?

Respect is a keyword. Respect the cultural 
differences. Normally we tend to think 
that the biggest barrier is language, 
but the importance of understanding 
the business culture and the people 
are crucial for a long-lasting operation. 
Embrace the difference, know your own 
limits, be honest and surround yourself 
with a team that understands your goal, 
values and shares your vision. That’s new 
horizons.
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In Norway, innovation licenses are 
driving a wave of new projects for 
fish farming in the sea, while in many 
other countries, the trend is towards 
fish farming on land. Do you think that 
in Chile fish farming fish is migrating 
towards a specific trend? 

Personally, we think that offshore farming 
is ideal for Chile. But we choose to be very 
careful in predicting the future of farming. 
Obviously, we will see an increase of RAS 
projects when it is possible to assure a 
continuous high quality of water and 
stable conditions, but we can imagine that 
it will require a lot of energy in addition to 
high risk investments that we read about 
from time to time. It will not surprise us 
if in 5 - 10 years Chile will be a pioneer in 
innovative off-shore as well as on-land 
farming solutions. 

Economic reactivation is notorious both 
in Chile and in the rest of the world. As 
of May, foreign direct investment (FDI) 
in Chile reached US$ 6,633 million. 
What role does Norway play in this 
figure and how do they perceive the 
economic outlook? 

Norway's role in investing in Chile 
is important, but it could be even 
bigger. Regarding specific business 
opportunities, we can highlight 
investment in aquaculture, maritime 
industry, infrastructure, sustainable 
renewable energy, electromobility and 
tourism. 

Chile provides investment conditions that 
make the difference in the region: a very 
open and stable economy, a big number 
of universities and technical education 
centers, a vibrant entrepreneurial 
ecosystem, innovation in a diverse 
number of industry sectors (especially 
in those involving new tech and green 
solutions), great connectivity by roads, 
plane and increasing maritime cabotage 
and cargo trains, among others.

Even though there was a crisis in 2019, 
Government and Congress offered an 
institutional way out during the social 
unrest for social rights and better wealth 
distribution (according with the World 
Bank, the Gini index dropped from 57.2 in 
1990 to 44.4 in 2017); because of that Chile 
is now in a constituent process to provide 

an institutional and representative 
response to those demands. 

Regarding the COVID-19 crisis, the 
economy is rapidly recovering what was 
lost in 2020 with an expected growth 
of 8% to 9% for 2021, since more than 
80% of Chile’s population was fully 
vaccinated by July 2021 and the economy 
is regaining dynamism. As you see, this 
is the right moment to analyse and take 
into consideration the opportunities for 
investing in Chile and how this can add 
value to your company.

According to what was reported by 
the Norwegian Embassy, more than 40 
Norwegian companies have activities in 
Chile, most of them in the aquaculture 
and fishing sector. Has this number 
been increasing or decreasing in recent 
years?

What is known to us is that there been a 
slight decrease. It’s not a secret that the 
social unrest in October 2019 scared some 
potential investors. But the movement was 
foreseeable, and the serious companies 
has shown capability to understand the 
underlying needs of such a movement. 

In addition, most Norwegian interests in 
Chile are under Chilean administration 
which gives them firsthand understanding 
at any given time. From time to time, 
we been consulted on political issues. 
Considering the history behind and the 
young age of Chile’s current democracy, 
the incredible economic growth during 
the last couple of decades, the growing 
focus on equality, public transparency 
and stability, we strongly believe that the 
future in Chile is bright, independent of 
political colors.

Interview

Njord Trade Agency

Normally we tend to 
think that the biggest 
barrier is language,
but the importance 
of understanding the 
business culture and 
the people are crucial 
for a long-lasting 
operation.
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Interview

Salmon Council

world demand for food in the future, 
delivering a healthy protein with ample 
nutritional benefits and that can be 
produced in a sustainable way, with 
comparative advantages over other 
proteins.

What challenges do you detect 
regarding the competitiveness of the 
Chilean salmon farming industry and 
how do you evaluate profitability 
compared to the Norwegian sector?

Chilean salmon farming competes 
at the world level. To maintain itself 
as a competitive economic activity 
in the medium term, it is essential to 
achieve improvements in productivity, 
which requires an adequate regulatory 
framework that allows aquaculture to 
develop in a competitive and sustainable 
way and the entire production chain 
associated with salmon to develop in a 
sustainable manner in the regions where 
there are operations. 

Likewise, advance in research and 
development is required to stimulate 

The salmon farming industry in Chile 
faces restricted production criteria 
because of the concession system. In 
a scenario where an increase in the 
population is expected, and therefore, 
an increase in the demand for food, 
how do you project the development 
and future of the sector in Chile?

We have a positive outlook on the 
development and future of salmon 
farming in Chile. In the first place, because 
our southern seas have very good climatic 
and hydrographic conditions, which 
provide an unquestionable advantage for 
salmon farming. In addition, the industry 
in Chile has accumulated knowledge and 
know-how in the last four decades, which 
have allowed us to be the second largest 
producer in the world with more than 
25% of the market and which positions us 
as a relevant player.

We are convinced that we have an 
opportunity as a country to promote 
a sustainable and competitive growth 
of salmon farming, which allows us to 
contribute to the solution of the growing 

“If we join forces to increase 
our export capacity, 
we can accelerate one of the engines of our growth”

For Joanna Davidovich, Executive 
Director of the Salmon Council, 
Chilean salmon farming has the 
opportunity to promote sustainable 
and competitive growth and the 
potential to significantly improve the 
economic prospects of the southern 
regions of the country.

Daniella Balin
daniella@salmonexpert.cl

Joanna Davidovich, Executive Director of the Salmon Council. Image: Consejo del Salmón de Chile.
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greater innovation and use of technology 
in all possible areas of the production 
chain, and finally the industry must have 
human capital with adequate training 
and permanent training in the skills that 
are required. 

All this is key to generate the conditions 
that continue to maintain Chile as a 
reliable and competitive supplier of food 
worldwide with salmon farming playing 
a key role in this context for the next 30 
years.

What is your position regarding the 
new National Aquaculture Policy, after 
submitting your queries?

The current National Aquaculture Policy 
dates from 2003 and needs to be updated. 
We are all aware that the world and the 
country have changed profoundly and 
that sustainability issues have become 
more important, especially with the 
challenges posed by climate change.

Salmonids are the proteins with the 
best sustainability indicators over any 
other animal protein, which implies that 

updating the National Aquaculture Policy 
must consider a sustainable growth of 
salmon farming so that it contributes to a 
more sustainable diet.

Aquaculture also has the potential to 
continue to significantly improve the 
economic prospects of the southern 
regions of the country. It would fill us with 
pride that, in the future, the southern 
regions of Chile become a key food hub to 
help solve the dilemma of how to increase 
the production of proteins necessary for 
our growing population while taking care 
of the environment.

We must see the new National Policy as 
a positioning opportunity for Chile that 
leads us to define aquaculture as one of 
the fundamental axes for the planet's 
nutritional future and the progress of our 
country. The most sustainable food for 
the future of the planet is in the oceans 
and seas of Chile, and we have privileged 
conditions that we must take advantage 
of responsibly.

The Salmon Council was created in 
2020 and its partners are relevant 
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companies with a presence in Chile 
and the world: almost a year after its 
creation, what role do you estimate to 
be fulfilling in Chile and what is your 
role in the salmon farming cluster?

Our main objective as a union is to 
promote the competitive and sustainable 
development of salmon farming and we 
see a tremendous opportunity in what 
comes. If, as a country, we join forces 
to increase our export capacity, we can 
accelerate one of the engines of our 
growth.

We have just completed one year of 
operation as a union, and we have quickly 
come to the conviction that salmon 
farming will be key to contribute to 
tackling the world's nutritional challenge, 
since farmed salmon is a healthy protein 
with many nutritional benefits.

We insist that to face this nutritional 
challenge, a modern aquaculture is 
needed that accords with the times and 
is of course sustainable, taking care of the 
oceans and underwater life.
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Interview

Magallanes Salmon Farmers

Faced with the strengthening of 
salmon farming in Magallanes, there 
are producer companies and other 
service providers that are increasing 
their activity in the area, through 
the construction of plants, fish farms 
or others. How do you perceive the 
establishment of companies or the 
establishment of new services in the 
area?

Like a natural process. An activity such 
as salmon farming, with multiple points 
of operation and highly decentralized, 
generates opportunities for multiple 
entrepreneurs of different sizes.

One of the most relevant issues in 
the sector is the relationship with 
indigenous peoples and marine 
protected areas. How do you assess that 
the coexistence between the salmon 
farming sector and the representatives 
of indigenous peoples has been 
managed and what challenges do you 
perceive?

The Magallanes region has seen an 
increase in salmon farming production 
and presence in recent years because 
of good sanitary conditions and fish 
performance. And businessmen such 
as Alejandro Kusanovic affirm that 
the salmon industry has the potential 
to represent more than 70% of the 
regional GDP, from the current 25%. 
How can the sanitary aspects be 
preserved if there is such a productive 
increase in the area?

Between 2015 and 2020 there was a 
significant increase in harvests, however, 
from this year there will be a stabilization 
trend.

Our region today has a very low incidence 
of diseases and to maintain this condition 
it will be necessary to maintain excellent 
sanitary practices, improve the logistics 
infrastructure and have regulation capable 
of maintaining densities per area that 
avoid the concentration of production.

“From this year there will 
be a stabilization trend in 
Magallanes”

The preservation of the sanitary 
situation and the relationship 
with native peoples and maritime 
conservation areas are some of 
the most important topics that 
Carlos Odebret, President of 
the Magallanes Salmon Farmers 
Association, is reviewing.

Daniella Balin
daniella@salmonexpert.cl

Carlos Odebret, President of the Magallanes Salmon Farmers Association. Image: Salmonexpert.
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Source: Fisheries Bulletin - National Institute of Statistics.

Source: Sernapesca/March 2020 – March 2021. 

With most of the communities of the 
Kawesqar people we have found a space 
for building trust, which is a big step. 
However, we must advance even further, 
we must build a system where everyone 
can benefit from salmon farming, even 
though our operation today represents 
0.1% of protected wild areas.

Recently, in Argentina legislation was 
passed against the development of 
fish farming in a specific province of 
Tierra del Fuego. How do you read this 
decision?

We carefully see that the strong offensive 
by some NGOs has had results in Argentina, 
preventing the province from having the 
opportunity to diversify its economic 
matrix, something that continues to 
attract attention. However, the world is 
going in the opposite direction, several 
countries are putting efforts in salmon 
farming using various technologies, while 
others are improving their regulation to 
give greater sustainability to the growth of 
the activity.

Harvest farming centers in the Magallanes Region
AquaChile, Australis, Blumar, Cermaq, Multiexport Foods and Nova Austral.  

Number of farming centers operating in 2020 and 2021 in Magallanes Region

Year 2016 2017 2018 2019 2020

Harvests 
(tons) 66,601 109,812 83,466 108,706 181,604

Type 2020 2021 Variation%

Fresh Water 4 4 -

Sea Water 48 38 -20.8

Total 52 42 -19.2
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suppliers, allows Chile to have a caligus 
control strategy that to date has proven 
to be efficient, using, for example, the 
shortening of the production cycle in sea 
(which is a protection factor in itself); the 
incorporation of pharmaceutical products 
with one application and a long period 
of protection (with a clear reduction in 
baths); use of natural products; products 
of harmless chemical transformation 
(such as hydrogen peroxide which 
transforms into oxygen and water); baths 
in fresh water; cultivation practices such 
as the evaluation of systems of the skirt 
type (lice skirts), as well as the first tests 
of the different systems that can be 
mounted on wellboats, among others. 
In short, a toolbox for fighting caligus is 
progressively being set up, which also has 
environmental benefits.

The presence of sea lice is quite an 
important challenge in Chile and 
Norway. What advances and efforts 
by the national industry would you 
highlight in this area?

Sea lice do not cause problems for 
human consumption, but do affect the 
salmon farming process. For the same 
reason, SalmonChile and Intesal have 
reported the collaboration and work that 
they are carrying out with the National 
Fisheries Service (Sernapesca) in different 
public-private forums, to take preventive 
measures and generate spaces for 
innovation, evaluation and progressive 
incorporation of new tools.

This collaboration and work, in addition 
to the work that the entire value chain 
has carried out with its innovative 

“A toolbox for fighting
sea lice is progressively 
being set up”

For Esteban Ramírez, general 
manager of the Technological 
Institute of Salmon (Intesal) of the 
Association of the Chilean Salmon 
Industry (SalmonChile), preventive 
measures, the continuous review of 
strategies and collaboration are key 
factors in the fight against sea lice 
(Caligus rogercresseyi). 

Daniella Balin
daniella@salmonexpert.cl

Esteban Ramirez, general manager of Technological Institude of salmon (Intesal). Image: Salmonexpert. 
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What challenges do you detect 
regarding the best practices of 
sustainability and transparency 
demanded today by investors and 
communities and how salmon farming 
should approach them?

The challenges of the industry and the 
union remain linked to the sustainability 
of the sector and the territorial link, also 
promoting the reactivation of the entire 
productive chain associated with the 
industry in the southern south.

In terms of transparency, SalmonChile 
has for five years been developing and 
commissioning from the Technical 
Institute of Salmon (Intesal) the 
Sustainability Report of the industry. The 
report shows the main environmental and 
social data and indicators as a way to make 
performance of the activity transparent 
and promote a data ecosystem that allows 
scientific development and innovation.

Along the same lines, at Intesal we have 
developed a new Report with aspects of 

environmental, health and production 
performance of the salmon industry, 
which aims to update the information, 
beyond the indicators of the annual 
Sustainability Report. This new report will 
be presented every four months, which 
is in addition to the already established 
Sustainability Report for the industry.

What tools does the salmon farming 
industry have to cope with a market 
situation that has been impacted by 
the restrictions imposed as a result of 
the coronavirus pandemic?

Like any industry, in salmon farming we 
have faced significant challenges and 
impacts derived from the pandemic. The 
first thing was that we had to quickly adapt 
to operating with strict sanitary protocols, 
which we were able to implement due 
to the experience of salmon farming in 
matters of safety and biosecurity.

Likewise, the closure of restaurants, hotels 
and other food service channels impacted 
on demand and prices. Fortunately, 

despite these impacts, the companies' 
efforts made it possible to maintain 
employment levels and control infections 
in the operation.

That said, one of the most important 
tools that the industry has is its 
adaptability, organization and spirit of 
entrepreneurship and innovation to 
overcome adverse situations, looking for 
ways to continue operating and maintain 
the usual quality levels for the markets.

All this has allowed the figures published 
by the Central Bank during the first quarter 
to show a positive scenario in exports, 
which as of June have an increase of 2%. 
For the first time in the year it was possible 
to register a cumulative figure higher than 
last year. This has to do with the recovery 
of the price in most of the Chilean salmon 
markets and with the solidity of the retail 
segment, which has had a very important 
demand and which has been sustained 
over time.



40 Salmonexpert - Nº96B-2021 AquaNor Edition

R&D

BKD

Introducción

Bacterial Kidney Disease or BKD 
(Sanders and Fryer, 1980), is caused by 
Renibacterium salmoninarum, a Gram 
positive diplobacillus and facultative 
intracellular pathogen. In Chile, BKD 
is considered a re-emerging disease 
whose prevalence has been increasing, 
especially in Atlantic salmon.

According to Sernapesca data, in 2019 
BKD was the third-highest cause of 
mortality ascribed to infectious diseases 
for Atlantic salmon and rainbow trout 
(Sernapesca 2021). Although the disease 
is as old as salmonid aquaculture, there 
are very few vaccine alternatives on the 
local market and their effectiveness is also 
controversial.

Daly et al. (2001) demonstrated almost 
two decades ago that certain nutritional 
mutants of R. salmoninarum, that is, 
bacteria capable of growing in less 
complex media than KDM-2, induce a 
potent stimulation of the immune system 
in Atlantic salmon.

Development of 
an attenuated 
Renibacterium 
salmoninarum 
strain and its evaluation as 
a prototype of a vaccine 
against BKD
A. Ojeda, N. Olavarría, J. Saavedra, H. Bohle and M. Mancilla *

Diagnostic and Biotechnology Laboratory, ADL Diagnostic Chile, Puerto Montt, Chile.
*mmancilla@adldiagnostic.cl

Abstract
We describe the development 
of a homologous attenuated 
Renibacterium salmoninarum 
strain, whose efficacy as a live 
vaccine prototype was evaluated 
against other formulations in the 
presmolt Atlantic salmon model 
by intraperitoneal challenge. Our 
results indicate that, within the 
formulations evaluated: bacterin, 
heterologous live strain and 
attenuated homologous strain, the 
latter was the one that conferred 
a higher level of protection. 
Additionally, although there was 
a greater increase in specific 
anti-R. salmoninarum antibodies in 
samples from fish immunized with 
attenuated strains, a correlation 
between this indicator and the level 
of protection achieved could not 
be established. Taken together, our 
results indicate that immunization 
with attenuated strains of R. 
salmoninarum is feasible and 
induces an effective immune 
response against BKD, and may 
become an alternative to traditional 
vaccines whose effectiveness has 
been shown to be limited.

Taking advantage of the experience we 
gained in the development and selection 
of attenuated strains of Piscirickettsia 
salmonis (Corfo project 15ITE1-45434, SE 
N°46, 2016), we considered the possibility 
of generating a similar prototype for BKD.

Therefore, the objective of this study 
was to develop an attenuated R. 
salmoninarum strain and determine its 
safety and efficacy in an intraperitoneally 
challenged model of Atlantic salmon 
(S. salar), presmolt. Secondarily, we 
determined the antibody response 
induced by the prototype by means of 
an internally developed immunoassay 
and compared this parameter, together 
with the efficacy of the immunization, 
with those generated by active principles 
similar to the products already registered 
in Chile.

Materials and methods
From an R. salmoninarum field isolate 
called Rs6, collected in 2015, a colony 
was isolated on BHI agar, which was 
grown and expanded for 20 days at 18°C. 
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This material was subcultured several 
times and finally stored at -80°C in 
cryopreservation medium.

The safety and efficacy properties of 
the BHI strain were determined by an in 
vivo experiment, using Atlantic salmon 
fingerlings. Six groups of 35 fish, with an 
average weight of 35 ± 2.1 g, were kept 
in ponds of 0.5 m3, at 13.2°C for 36 days 
(immunization phase, 457.2 thermal units 
UTAs).

Groups G1 and G2 received a dose of ~107 
and ~106 colony forming units (cfu)/fish of 
the attenuated strain BHI. Instead, the G3 
group was inoculated with 106 cfu/fish of 
an environmental Arthrobacter spp. strain, 
material that came from a European 
collection. G4 fish were administered with 
an equivalent of ~107 cfu/fish of a virulent 
heat-inactivated R. salmoninarum P3 
strain. A control group was injected with 
the same volume of saline (G5), while an 
additional group was left unhandled (G6).

At the end of this phase, five fish were 
sacrificed to collect serum and internal 
organs samples in order to measure the 
level of anti-R. salmoninarum IgM, as well 
as studying the presence of attenuated 
strain in the anterior kidney using real-
time PCR (RT-PCR).

In the challenge phase, each animal 
received a 0.1 ml dose containing ~108 
cfu of R. salmoninarum P3 virulent strain 
and kept for 60 days at 10.2°C on average. 
Mortalities were removed daily, from 
which kidney samples were extracted 
for detection of R. salmoninarum by RT-
PCR. At the same time, each fish was 
necropsied to determine clinical BKD 
consistent signs.

The efficacy between the formulations 
was compared by calculating the relative 
survival rate (Relative Percent Survival 
or RPS), considering the average of 
accumulated mortalities for the different 
groups from two ponds or replicas.

The measurement of anti-BKD IgM was 
performed with an internally developed 
ELISA method, which uses purified 
proteins from a R. salmoninarum virulent 
strain as a capture agent.
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Figure 1: ELISA IgM anti-R. salmoninarum. Serum samples collected at the end of the immunization 
phase (457.2 UTAs). G1 and G2, strain BHI; G3, heterologous strain; G4, inactivated virulent 
strain; G5, saline control.

Necropsy of a fish with a clinical picture of BKD: Image: ADL.

Results

The BHI strain was found to maintain the 
reduced self-agglutination property of 
the parental strain from which it came, 
called Rs6 (results not shown). Serum and 
internal organ tissue samples were used 
to study the adaptive immune response 
and persistence of the attenuated strain 
in the treated fish, respectively.

In the case of the adaptive response, 
we observed the binding of anti-BKD 
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Figure 2: Cumulative mortality in the analyzed groups (challenge phase). The curves represent average values of the same number of groups 
from two ponds. 

Table 1. Relative survival rate for the different groups. The challenge phase lasted 60 days and 
ran at 10.2°C.

* Corresponds to fish without handling.

Group Mortality (%) RPS (%)

G1, BHI strain, 
high dose 13.3 80.5

G2, BHI strain, 
high dose 17.0 75.0

G3, Arthrobacter spp. 36.8 36.8

G4, inactivated P3 
strain 53.3 21.7

G5, saline 68.1 -

G6* 0 -

antibodies for the studied groups at the 
end of the immunization phase (Figure 
1). It is clearly seen that this signal was 
notably higher in the group that received 
a ~107 cfu/fish dose of attenuated strain. 
Another group that generated a response 
was the one with fish that received 
inactivated virulent strain, although this 
level was very close to that shown by the 
control group.

As expected, inoculation with the 
heterologous Arthrobacter strain did 
not produce an increase in the antibody 
response. Surprisingly, the level of 
antibodies detected in the group of 

fish inoculated with ~106 cfu/fish of 
attenuated strain was as low as the group 
inoculated with heterologous strain 
(Figure 1).

The persistence of the attenuated strain, 
measured as the detection level of 
specific nucleic acid of R. salmoninarum, 
was measured by RT-PCR. The analyzed 
samples corresponded to the end of 
the immunization stage. Although 
amplification was observed in two fish 
from the groups inoculated with BHI strain 
at high dose, the level detected fell within 
the range considered negative (Ct> 35).

In in vivo experiment, no mortalities 
were recorded for any group during the 
immunization phase. On the other hand, 
in the challenge phase, of all groups 
the one that accumulated the highest 
mortality was the one immunized with the 
inactivated virulent strain (53.3%, Figure 
2). This group was followed by the group 
of fish immunized with the heterologous 
strain (36.8%), while those immunized 
with the BHI strain, despite the difference 
in dose, remained at a close level (13.3 
and 17%).

Considering an average mortality in the 
challenged control group (68.1%), the 
respective RPSs for different groups are 
detailed in Table 1. For this parameter, 
the highlight was the rates obtained 
by groups immunized with attenuated 
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strain (80.5 and 75.0%), followed by the 
heterologous strain group (46%) and the 
inactivated virulent strain (21.7%).

Discussion
According to the registry of the Agricultural 
and Livestock Service (SAG), only two 
vaccines against BKD are authorized 
in the Chilean market: Renogen, a live 
vaccine that contains a heterologous 
strain of Arthrobacter davidaneli, a non-
pathogenic strain that shares antigenic 
determinants with R. salmoninarum 
(Griffiths et al., 1998); and Beka-Vax, a 
injectable emulsion bacterin containing 
inactivated homologous antigen.

In scientific literature, the effectiveness of 
Renogen has been evaluated in Atlantic 
salmon (Salonius et al., 2005; Burnley 
et al., 2010), as well as questioned in 
other species of salmonids (Rhodes et 
al., 2004; Alcorn et al., 2005). In these 
same studies, the bacterins were not 
well evaluated. However, and more 
recently, it has been seen that the use of 
bacterins containing virulent formalin-
inactivated strain induces the activation 
of immune mechanisms (Eslamloo et al., 
2020). However, no efficacy data were 
provided in the cited work. In the Chilean 
context, there are no public data on the 
effectiveness of the products registered in 
SAG.

Our results allow us to conclude that 
the use of live attenuated strains of 
R. salmoninarum may represent an 
alternative to other types of antigens in 
the prophylaxis of BKD. In the present 
study, the data suggest a superior survival 
capacity, induced by immunization with 
attenuated strains. Indeed, the RPS of 
80.5% obtained with a high dose of 
the BHI strain is much higher than the 
46% and 21.7% observed for the other 
formulations. We state that an important 
limitation of our study is not having 
used authorized commercial products. 
Therefore, the RPS calculated here do not 
represent and cannot be extrapolated to 
those induced by these products.

According to the ELISA results, the antibody 
response would be dose-dependent. This 
is deduced from the ostensibly lower level 
observed in the group of fish inoculated 
with a low dose of BHI strain, compared 

to that induced by a high dose. However, 
and when considering the level obtained 
for the group with the inactivated virulent 
strain, together with the level of protection 
achieved, it is clear that the protection 
mechanism is not directly related to 
the activation of the adaptive immune 
response.

Probably, in the case of the attenuated 
strain, the protection achieved is related to 
the activation of innate immune response 
mechanisms and a lower production of 
p57, the main R. salmoninarum virulence 
factor and the protein linked with a 
immunosuppressive effect (Daly and 
Stevenson, 1990; Fredriksen et al., 1997).

On the other hand, the fact of detecting 
scarce amounts of DNA of the attenuated 
strain in fish tissue prior to challenge, 
suggests that the bacterium is in the 
process of being removed from the 
host. This coincides with data from the 
literature, which indicates that non-
virulent strains of R. salmoninarum can 
persist up to 12 weeks (Turgut et al., 2008). 
Future studies will allow us to characterize 
in depth the immune response induced 
by attenuated strains.
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