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Zuridah Merican

t has been a disturbing 2020;
initially  firefighting supply chain
disruptions and by May, learning
about new routes to market and how
to reach customers virtually. We
found new ways of communication;
virfual meetings to impart and gain
knowledge, launch products and
engage in inferactive exchanges
online to network across the globe.
Imagine, FAO launched its SOFIA
with more than 1,000 participants!

During the first wave of the
pandemic, a serious breakdown in
logistics occurred, arguably because
authorities in many countries did not
understand the aquaculture supply
chain.During SAP's 2-day conference
on global shrimp supply and demand,
Paresh Kumar Shetty, Avanti Feeds,
detailed the trauma faced by shrimp
farmers and processing plants
while Ravi Kumar Yellanki, Vaisakhi
BioMarine, emphasised how global
the farmed shrimp supply chain is,
i.e. broodstock from the Americas
and final products to markets in US,
China and Europe. Hatcheries only
bounced back intfo production with
the arrival of broodstock via cargo
and charter flights arranged by
hatchery operators (see pages 4-5).
In April, virtual audits by certification
bodies were being explored so as not
to disrupt exports.

OUR MISSION

We strive to be the beacon for the
regional aquaculture industry.

We will be the window to the world
for Asia-Pacific aquaculture pro-
ducers and a door to the market for
international suppliers.

We strive to be the forum for the
development of self-regulation in
the Industry.
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2020 - No Turning Back

Our editorial in July reviewed how
this pandemic had forced the whole
industry to look at its vulnerabilities.
Brokers and wholesale markets were
disrupted when movements were
restricted. Online sales flourished
via Facebook, Instagram and when
online malls such as Lazada came
forward fo sell fresh seafood. The
pandemic highlighted flaws in the
market structure for high value
marine fish where there were no
plans for processing. Long before
this pandemic, authorities in some
countries stopped well-boats plying
the region to collect fish for markets
in China and Hong Kong. Now, good
survival rates and excess supply
have dropped grouper prices by as
much as 40% in Malaysia. Demand
from seafood restaurants which
experienced intermittent closures or
limited seating has been poor.

This pandemic has also impacted the
demand for farmed shrimp. Leading
analysts reported that the loss in
demand from the foodservice sector
was far deeper than the rise in retail
sales in the US. Toward the end of
the 2019, shrimp supply was already
exceeding demand, sending prices on
a downtrend. The forecast for farmed
shrimp in 2020 varies from a reduction
by 1.4 million fonnes according to
Soraphat Panakorn (issue September/
October) to 10.5% less than the 4
million tonnes in 2019 estimated af
GOAL 2020.

While the pandemic depressed
vannamei shrimp prices, it remains
relatively stable in countries where
local consumption is important. In
Malaysia, some 20% drop in prices
for the monodon shrimp, mainly
targeted for live markets in China and
Singapore, reflected the difficulties in
export logistics. Some 15% and 30%
of farmed shrimp in Indonesia and
Thailand, respectively, stay in local
markets. India which exports 95% of its
shrimp, is pivoting fo the development
of the local market.

Covid-19 brought about loss of
incomes, particularly in Asia where
small and medium enterprises and
self-employment dominate. These
are the main buyers for filapia in the
Philippines. In October, a 50% surplus
of tilapia was reported by BFAR's Willy
Cruz in some farms on Luzon Island.
Early in the pandemic in China, some
4-5 million fonnes of carps remained
unsold. In Norway, salmon remained
resilient with retail prices stabilising.
The salmon industry is dominated by
large corporations and cannot skip
cycles or pull out due to length of each
cycle and structure of the business.

Food security became a ‘red flag’ in
many counfries. Singapore imports
125,000 tonnes of seafood and aims
to have 30% of local production
by 2030. Urban aquaculture using
recirculation aquaculfure systems
(RAS) has already been gaining
interest but for a bigger country like
China, food security is not only about
putting food in supermarket shelves.
It has stronger implications all the
way upstream fo include protein meal
supply, i.e. the core basics of animal
and aquaculture feed.

What lessons can Asia learn?
There is no turning back. We need
to focus on marketing, innovative
routes fo market, value adding and
sustainability. Asia must ratchet up
from a tradition of production focus
and aspirations of a volume supplier.
With a scenario of lockdowns,
closure of borders and working from
home, Aqua Culture Asia Pacific will
confinue to play the important role
in the dissemination of knowledge
and networking. If anything, we are
reminded of our mission statement.

If you have any comments,
please email:
zuridah@aquaasiapac.com
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Global shrimp markets: Looking beyond the

pandemic

On September 24-25, the Society of Aquaculfure
Professionals (SAP), India organised a 2-day webinar on
“Global Shrimp Markets: Looking Beyond the Pandemic”.
In a press release, Dr Arul Victor Suresh, SAP President
said, "In March, when we had our first lockdown, while
shrimp farmers battled uncertainties in the supply chain
and managed diseases, they were concerned with prices
and whether there would be buyers for their harvests.
There are many forecasts on shrimp demand in major
markets. We believe that it is important fo combine such
information with shrimp supply scenarios directly from
major producers in Asia and Ecuador.”

Keynote speaker, George Chamberlain, President, Global
Aquaculture Alliance, said, “The global shrimp supply has
beenonarisingtrend for the last few years and af the same
fime, prices have beenfalling, indicating that markets were
getting saturated in spite of the emergence of China as a
major market in recent years.” Citing the case of avocado
as an example of what unified marketing efforts by the
producers and sellers can achieve, Chamberlain called for
a similar effort in which shrimp consumpftion is promoted.

At the panel discussion on demand and markets on day 1, Dr Arul
Victor Suresh, SAP President (middle row, left) led a team of
SAP members and speakers. MPEDA's Dr Anilkumar (last row,
left) said that India increased its exports of cooked and breaded
products to the US market indicating that Indian processors
have the flexibility to meet the market requirements at short
notice.

Demand and markets

In his introduction fo the session on shrimp demand and
markets, moderator, Ravi Yellanki, Vaisakhi Biomarine,
said that the industry in India has come fo tferms with the
reality of the Covid -19 pandemic. Industry, hatcheries
in particular, have realised the global nature of shrimp
farming; it starts with imports of broodstock from the
Americas and exports of final products to the US, Europe
and China. The pandemic has changed the way hatcheries
operate — staff are not allowed to leave the premises,
farmers agree for hafcheries to send post larvae directly
to laboratories for disease and health checks, and size
specifications are checked via videos.
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Demand from India’s leading markets has been
encouraging; China was the first o recover and demand
picked up in April, May and June. The demand from the
food service segment was better in the US as compared
to that in China.

In his presentation on the “Impacts in the US shrimp
markets”, Angel Rubio, Chief Analyst at Urner Barry, said
that retail sales of shrimp rose during the pandemic but
still could not compensate for the lost sales in the food
service segment. Prices of shrimp fell as a result but
refail establishments passed the benefit of low prices to
the consumers through promotions. It is likely that the
experience of cooking shrimp at home will encourage
consumers to increase their purchase of shrimp in retail
outlets even after the pandemic is over.

Withregards to marketsin Europe, Willem van der Pijl, who
recently started Shrimp Insights, a data service specific to
global shrimp frading, said that shrimp consumption in
Europe was down by 6% up to June 2020, but the shrimp
mostly impacted by this drop was the ocean-caught
premium shrimp. Farmed penaeid shrimp were much less
affected at only 1%. Due fo the opening of restaurants, the
summer sales of shrimp are believed to have been healthy.
“Although datais not yet available, during July and August,
sales increased according fo importers and wholesalers
in the Netherlands, Belgium and Germany. However,
the ongoing second wave of the pandemic points to the
possibility of lockdowns during the winter and this would
negatively impact consumption leading o less new orders
between October and February/March 2021. Vietnam and
Latin American suppliers have a competitive posifion in
the European markets requiring other Asian suppliers fo
reassess their competitiveness. Vietnam supplies more
than 70% of the demand while India supplies just 5%,"” said
van der Pijl.

Vincent Lin of Grobest Seafoods said that China importfed
703,000 tonnes of shrimp in 2019 but average prices were
sliding downwards. In 2019, the surge in imports was
led by Ecuador (321% at 322,000 tonnes); India (338%
at 155,000 tonnes and Thailand (58% at 39,000 tonnes).
China has maintained an increasing trend of imports until
January-February 2020. Demand picked up in June but
dropped in July 2020 when fragments of coronavirus
genetic materials were found on the packaging of shrimp
imported from Ecuador. Consumer confidence was
severely impacted and the import volumes and prices
tfumbled as a result.

China’s shrimp production has been affected due to the
emergence of new diseases, so local production will go
down and be directed fo the premium live shrimp market.
Lin added that in the future, imports of some superior
grade chilled or frozen head-on shell-on (HOSO) shrimp
may enfer this market. Resumption of imports at or beyond
volumes in 2019 will begin only when consumers gain
confidence that frozen food is not a risk factor in the
spread of coronavirus. India exports headless shell-on



(HLSO) and there is room for India with good quality raw
material for shrimp paste. Chinese consumers appreciate
good quality shrimp and are willing to pay for quality.

Pawan Kumar Gunturu of Sprint Foods, India provided a
perspective from Indian exporters. The sudden lockdown
resulted in difficulties in operating processing plants and
forced migrant workers to move back to their home bases.
Indian exporters faced cancellations or postponement
of purchase orders. Decline in prices and cancellation of
export incentives by the government have caused further
hardships for the exporters. Gunturu showed that there
has been an increase of 5% in value-added products from
India. He added that India needs to build on its strengths
and move info more value added products in the near
future.

During the panel discussion, Dr P. Anilkumar, Marine
Products Export Development Authority (MPEDA),
indicated that Indian shrimp exports have declined
by about 15% but the exports of cooked and breaded
products to the US have registered an increase indicating
that Indian processors have the flexibility to meet market
requirements at short notice. S. Santhana Krishnan of
Maritech, a seafood and aquaculture consulting firm,
said that India’s ability to supply large sized shrimp can
be leveraged to serve niche markets globally.

Supply scenarios

Samson Li, Grobest Feeds CEO, and experts from
leading shrimp producing countries discussed recent
developments in Vietnam, Indonesia, India and Ecuador
amidst this pandemic. Li remarked that supplies from
Vietnam have not been severely affected due to the
significant domestic market, and the sustained demand
from the export markets. Furthermore, strict control of
the pandemic and sensible lockdown policies may have
minimised the disruptions in supply. However, Vietham
may face a contraction in production, from 630,000 tonnes
in 2019 to 570,000 tonnes in 2020. For the long ferm, Li
predicted a strong growth and higher productivity through
intensification which has been happening over the past
two years, including a return to 2019 production levels in
2021 and from then on a 3% annual growth.

“Initially, Indonesia did not follow a strict lockdown,” said
Haris Muhtadi, CJ Feeds who also described its intensive
culture practices. “The first half of 2020 saw a slight
production increase and export of shrimp when compared
to the same period in 2019. Indonesia’s production in
recent years reached close to 350,000 tonnes in 2019
and the production in the first six months of 2020 was
estimated to be about 200,000 tonnes. The USA remained
the largest importer of Indonesian shrimp, buying nearly
65% of production.” Haris estimated that there may be a
drop in production in the second half of the year due to
disease challenges, and Indonesia may end up with a
decline of about 6-7% in production by the end of the year.

According to Paresh Kumar Shetty of Avanti Feeds,
the sudden and strict early lockdown in India, resulted
in many disruptions affecting shrimp production and
processing. Lower shrimp prices also dampened farmers’
spirits forcing early harvests of small shrimp (size 100-
140/kg). While the lockdown has been relaxed, labour
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availability continues to be an issue. Also, farmers are
facing production challenges in many regions. As a result,
Shetty said that India’s farmed shrimp production is likely
to decrease to about 675,000 tonnes in 2020, from about
800,000 tonnes in 2019.

Gabriel Luna, an industry analyst in Ecuador's shrimp
business elaborated on the phenomenal growth of shrimp
production and exports in the past 10 years; exports
grew 4X in 10 years, reaching 630,000 tonnes in 2019.
By August 2020, the country had reached about 450,000
tonnes, a 6% year-on-year increase. This increase was
despite the difficulties due to the lockdown and exports
to China which was Ecuador’s largest market in 2019.
Farmers were unable to harvest their crops in April and
May due to the lockdown, followed by disruptions in
exports to China in July. Prices collapsed to historic lows
as a result. “Forfunately, we could quickly increase sales
tothe USA and Europe and presently have achieved a good
redistribution of markets. The declinein prices has affected
profitability, “ said Luna, adding that Ecuador’s producers
will seek to improve productivity not by expanding land
area or intensification but by focusing on improvements in
shrimp growth and survival, and profitability by going into
niche markets, such as organic shrimp.

Panellists at the end of day 2, noted that shrimp supply
from the major producing countries has not been seriously
impacted by this pandemic and global supply of farmed
shrimp may decline by about 10% in 2020 as compared
to 2019. Global trade of shrimp has not been affected
to a large extent except in the case of China. However,
lower shrimp consumption in the US where the increase
in refail sales has not been compensated for the loss of
food service sales means that unsold inventories would be
fairly high. Further declines can be expected in the winter
due to anficipated restrictions in restaurant operations.
Shrimp prices have been negatively affected due fo
the disruptions from the lockdown as well as the loss
of consumer confidence in China. While the low prices
have been used to stimulate some of the consumption,
the response in the major producing countries to low
prices will drive future decisions on production, types
of products, market focus, and farming technologies.
Watch a recording of this conference at the official SAP
YouTube link, https://m.youtube.com/channel/UCzfxp-
IVy8IFXP16iTvH_Lg

The day 2 panel discussions on supply scenarios from Vietnam,
Indonesia, India and Ecuador, noted that shrimp supply may
decline by about 10% in 2020 as compared to 2019.
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l(}’[inh Phu appeals on shrimp anti-dumping
u

Vietnam'’s Minh Phu Seafood Joint Stock Company said that
it would appeal against the decision by the US Customs
and Border Protection (CBP) that frozen shrimp products
exported by the company to the US market were subject
fo duties, said vietnamnet.vn. According tfo CBP Minh
Phu violated the regulation on anti-dumping duty levied
on Indian shrimp. In October, based on the Enforce and
Protect Act, CBP reached this conclusion as Minh Phu did
not provide sufficient evidence as required, to prove that
the company did not use India’s shrimps to export to the
US. The consideration for an appeal is expected to last
for 60 days from the date it is received. In case the appeal
fails fo bring the desired results, Minh Phu will continue fo
appeal to the International Court of Arbitration. From late
July 2019, Minh Phu said it had stopped importing shrimp
from India, since raw material in Vietham was sufficient for
its production and processing acftivities.

Kontali acquires Seafood TIP

In October, Kontali Analyse AS (Kontali) completed itfs
acquisition of Seafood TIP (and Shrimp Tails). Thomas Aas,
Managing Director, Konfali, said that Seafood TIP has a
strong foothold and knowledge within the seafood industry
and will strengthen Kontali's position in systemising the
world of fisheries and aquaculture. With Seafood TIP
onboard, the combined analyfical capacity and sector
coverage is expanded fo all major segments within both
finfish and crustaceans. The acquisition of Seafood-TIP
will not only expand Kontali’s geographical presence with
its offices in Utrecht but more importantly, it will strengthen
Kontali’'scommitment to increase fransparency in the sector
through insights and intelligence.

The Seafood TIP feam, over the years, has worked
tirelessly to become the leading source for seafood market
intelligence. With this collaboration, Konfali is confident
in expanding the scope and coverage of its intelligence
services with Seafood TIP’s expertise and knowledge. “We
are excited for the growth and development, in the years fo
come, as Seafood TIP and Kontali continue to systemise
global aquaculture and fishery supply chains and help
support companies to make increasingly sustainable,
profitable and data-driven decisions, " added Aas.

Joint venture to farm sea grapes

Blue Aqua International and Stemcell United Limited
(ASX: SCU) will cultivate and farm sea grapes (Caulerpa
lentillifera) in Singapore on a commercial scale via the
jointly incorporated company, SCU Green Aqua Farm
Pte Litd. Stemcell is an Ausfralian mainboard-listed
biotechnology and pharmaceutical company focussing

on the development, reproduction, culfure and extraction
of plant stem cells for TCM medicinal, health, beauty and
anfi-aging applications using its environmentally friendly
patented technology. SCU has successfully applied plant
stem cell fechnology on sea grape cultivation at ifs research
base located in the Marine Aquaculture Centre on St John
Island, Singapore. If is now moving fowards commercial
cultivation. The JV combines the strengths of both parties
in creating an integrated aquaculture farming system.
The collaboration aims to promote the ocean vegetable’s
unique qualities as a sustainable superfood and plant-
based protein.

Philip Gu, SCU CEO/executive chairman commented,
“This partnership will further progress our efforts to make
a substantial contribution tfo the Singapore Government’s
“30 by 30" initiative, which aims to increase Singapore’s
local food production from its current level of 10% to 30%
by 2030.” Dr Farshad Shishehchian, Founder, Group
President and CEO of Blue Aqua International said, “SCU
is an established technology company in the plant-based
stem-cell business. This joint incorporation of SCU Green
Aqua Farm embodies our continual efforts to build a circular
economy in aquaculture, starting with our own production
systems fowards the development of sustainable nutrition
globally.”

Thai Union venture fund invests in four new
food tech companies

In September, the world's seafood leader Thai Union
Group PCL announced four new investments in the food
tech space through its recently created venture fund,
which focuses on alternative protein, functional nutrifion
and value chain technology startups. These are Alchemy
Foodtech Pte Ltd., a Singapore-based diabetes food
tech innovation company; Manna Foods Co, an insect
fech and e-commerce company in the US; and HydroNeo
GmbH, which develops comprehensive solutions for
smart aquaculture management based in Germany and
Thailand. All three companies were part of the first cohort
of SPACE-F, the first food tech incubator and accelerator
program in Thailand, which Thai Union is a founding
partner, alongside Mahidol University and Thailand's
National Innovation Agency (NIA). In addition, Thai Union
willinvestinVisViresNew Protfein, a Singapore-basedfood
tech investment fund, fo deepen its network of idenftifying
co-investment and collaborative opporfunities in the
global agrifood tech ecosystem. Thai Union's venture fund
was launched in 2019 with an initial commitment of USD
30 million. It is investing in early-stage entrepreneurial
companies that are active in these areas and will actively
partner with these companies to support and accelerate
their development.

NEXT ISSUES

Issue focus: Nursery & Hatchery
Industry review: Marine Shrimp

Feed/Production Technology: Larval & Nursery Feeds/Controlled
Systems (hybrid/RAS)

Issue focus: Health & Disease Management
Industry review: Marine Fish

Feed/Production Technology: Novel Ingredients/ Fish meal/
oil Replacements/Offshore and Industrialisation
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By Romi Novriadi

Concrete tanks of 8 x 8 x Tm sizes were used for the intensive
production of Litopenaeus vannamei

ecently, many shrimp farms, especially in Indonesia,

have shifted from extensive or semi-intensive pond
culture to the intensive, and even super-intensive (or
locally known as supra-intensive) technology systems
with high stocking density; these range from 110 - 500
post larvae (PL)/m?in intensive culture and >500 PL/m? for
super-intensive culfure systems. There are advanfages and
disadvantages of using this super-infensive technology.
According fo Samocha (2019), the high stocking density of
shrimp in intensive systems will lead to greater yields, which
are more efficient in the use of the culture environment.
However, high inputs of nutfrients and limitations on water
exchange will create water quality problems that do nof
usually occur in traditional or semi-intensive farming
systems. If not addressed quickly and correctly, it will lead
to the increase in ammonia-nitrogen (NH,-N) and nitrite-
nitrogen (NO,-N) levels, development of dense microbial
communities and outbreaks of shrimp diseases.

The negative correlation between stocking density and
growth performance of shrimp has been well established.
Most of the trials were conducted using biofloc fechnology
(BFT), zero water discharge-recirculating aquaculture
systems and even in the commonly used method in
Indonesia in earthen ponds lined with HDPE (high density
polyethylene) plastic. The degradation of environmental
carrying capacity conditions, especially dissolved oxygen
(DO) levels, seems to show a trend of lower individual
growth of shrimp. However, as farming technology
advances, greater productivity and efficiency with respect
fo density and water quality conditions can be improved and
opfimised.

The aim of this study was fo investfigate the effects
of density and water quality conditions on the growth
performance of the white shrimp Litopenaeus vannamei
cultured in concrete tanks.
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This study was performed at the Batam Dae Seng Indonesia
farm located in Batam, Riau Island province, Indonesia. L.
vannamei post larvae (PL8 weighing 0.03 - 0.05g) were
obtained from PT Suri Tani Pemuka’s hatchery in Anyer,
West Java. These were acclimated and nursed in an indoor
nursery system for 14 days fo a size ready for stocking
into the tanks. At the start of the production trial, these
juvenile shrimp (PL20-22; mean initial weight, 0.39)
were stocked info 32 semi-indoor concretfe tanks (8 x 8
x 1 m) at four different densities: 300, 400, 500 and 600
PL/m2. The production period was 75 days. Tanks were
filled with water with a salinity of 30 - 33 %.. The primary
source of mechanical aeration was with an air disc fine
bubble diffuser, with one 0.5HP paddlewheel (Minipadd™)
providing addifional aeration. Water exchange was 5 — 10%
throughout the 75 days trial.

Shrimp in all the tanks were fed with the same diet (33 -
35% crude protein, 5% crude lipid; Indonesia Evergreen
Agriculture, Lampung Selatan) throughout the growth trial.
The amount of feed used in this experiment was calculated
based on the expected weight gain of 1g/week, a feed
conversion rafio (FCR) of 1.4 and a weekly mortality of 3%
during the grow-out period. During the trial, shrimp were
fed six times per day and the daily rafion was adjusted
based on the percentage of body weight after sampling the
shrimp on a weekly basis.

Shrimp were sampled weekly throughout the production
cycle using a hand net (0.5m in diameter and 1cm mesh
size) to collect approximately 20 — 30 individuals per tank.
Water quality (DO, pH, temperature, salinity, tofal dissolved
solids, conductivity and oxidative redox pofential) was
monitored four times/day (06.00 — 07.00h; 14.00 — 15.00h;
17.00 - 18.00h and 23.00 — 24.00h) using real-time water
quality sensors (Aqua Troll 500, In-Situ Inc., USA) and
managed by AquaEasy Smart Aquaculture apps (BOSCH,
Singapore). Secchi disk readings were recorded once a
week (Table1).

Ammonia nitrogen (NH,-N) was analysed with ultraviolet/
visible spectrophotometer (Lambda XLS, PerkinElmer,
USA) once a week. Nitrite nitfrogen (NO,-N) and nitrate
nitrogen (NO,-N) were analysed using HACH DR890
colorimeter (Hach Company, USA) twice a week (Table
2). At the end of the growth frial, shrimp were harvested
fully, counted and batched weighed to calculate the final
biomass, final weight, percentage weight gain (%WG),
FCR, survival (SR), and voluntary feed intake (VFI) as
shown in Table 3.
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All growth parametfers were analysed using one-way
analysis of variance (ANOVA) to determine the significant
differences among treatments followed by Tukey's multiple
comparison fests fo defermine the difference between
freatment means in each trial. All statistical analyses were
conducted using SAS system (V9.4. SAS Institute, USA).
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Figure 1. Shrimp growth performance at four stocking densities
measured weekly in 32 concrete fanks during the 75-day culture
period. Data are means +SD of 8 replicates.
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During the growth trial, the levels of DO, pH, fotal dissolved
solids, oxidative redox potential, salinity and temperature,
presented in Table 1 were within the acceptable range to
support optimal growth of the shrimp (Boyd and Tucker,
1992). The ammonia levels ranged from 0.22 + 0.09; 0.21 +
0.12;0.30+0.27; and 0.29 £ 0.44 for 300 PL/m?; 400 PL/m?;
500 PL/m? and 600 PL/m? stocking density, respectively.
Meanwhile, for NO,-N and NO,-N readings, there was
an increasing frend in concentrations with higher shrimp
density.

The results of this study indicated that L. vannamei juveniles
grew faster when reared at a lower density. Our study
indicated that the ideal growth of 0.17 + 0.02g/day was
obtained at the stocking density of 300 PL/m2. This is similar
with the study from Krummenauer et al. (2011), where the
density of 300 shrimp/m? exhibited superior zootechnical
performance compared to 450 shrimp/m? with ADG of 0.13
+ 0.02g/day using super-intensive culture system in 70m?
fanks lined with HDPE and 1m of water column. Stocking
density has a significant effect in determining the carrying
capacity of the tank and is crucial for optimising growth
performance and health status of the vannamei shrimp
during the culture period. During the culture period, there
were no incidences of disease.

Interestingly, in terms of biomass, the density of 300 PL/
m? yielded the lowest quantity compared to higher density
freatments. This means that if we are focusing on yield and
profitability, we could also apply high density culture during
the production period and maintain the carrying capacity,
water quality condifion and apply the proper feeding
management system.

FOLLOW THE PACE
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Measuring water quality parameters (DO, pH, temperature,
salinity, fotal dissolved solids, conductivity and oxidative redox
potential) 4 times/day using real -time water quality sensors.
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Treatments

300 PL/m? 400 PL/m? 500 PL/m? 600 PL/m?
Dissolved oxygen (mg/L) 4.90+0.14 4.85+0.30 4.74+0.12 4.75+0.15
pH 7.35+0.11 7.25+0.17 7.33+0.20 7.27+0.12
Total dissolved solids (mg/L) 30.18 £1.36 31.23+1.31 32.09+1.14 3217+2.82
Oxidative Redox Potential (mV) 257.41+28.09 263.32+27.82 261.72+33.18 263.05+25.92
Salinity (%) 32.69+0.64 33.00+£0.41 32.95+0.33 32.89+0.74
Temperature (°C) 29.43+0.25 29.28+0.29 29.32+0.25 29.34+0.31

Table 1. Summary of water quality parameters for the four tfreatments throughout the 75-day culture period. Data was obtained by using
sensors and recorded using AquaEasy Smart Aquaculfure apps. Values are presented as mean + SD of 8 replicatfes.

: Treatments
unit 300 PL/m? 400 PL/m? 500 PL/m? 600 PL/m?
Ammonia mg/L 0.22+0.09 0.21+0.12 0.30+0.27 0.29+0.44
Nitrite (NO,-N) mg/L 0.09+0.12 0.11+0.08 0.14+0.30 0.14+0.31
Nitrate (NO,-N) mg/L 42.88+12.47 64.87 + 20.56 78.55+28.94 80.94 +30.22

Table 2. Summary of nitrogen characteristics dissolved in the water for the four treafments throughout the 75-day culture period. Values

are presented as mean + SD of 8 replicates.

Density

Biomass

Final weight

Weight gain

ADG

Feed input (kg/

Survival rate

(PL/m?) | (ko) (9) (9) (9) tank) FR (%)
300 133.2+5.1° | 13.0+0.22 12.5+0.22 0.17+0.022 | 210.00+0.002 | 1.58 +0.06 | 53.36 + 2.17
400 156.9+15.7%6| 11.6+0.5P 11.2+0.5° 0.16+0.00° | 220.25+36.30°| 1.40+0.18 | 52.98+4.72
500 172.8 £10.0%| 10.3+0.4° 10.0£0.4¢ 0.15+0.01¢ | 245.75+27.292 | 1.43+0.20 | 52.36+2.70
600 198.7+32.0% 9.3+1.0¢ 8.8+0.9¢ 0.14 £0.02¢ |280.88+34.48%®| 1.43+0.10 | 55.94+7.73
P-value <0.0001 <0.0001 <0.0001 0.0002 <0.0001 0.0850 0.4822
PSE? 19.8827 0.5728 0.5515 0.0139 28.5431 0.1468 4.8442
Linear Regression
2 0.6173 0.8762 0.8849 0.7778 0.4858 0.0988 0.0074
P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0798 0.6388
TFCR = Feed conversion ratio 2 PSE = Pooled standard error *ADG = Average Daily Growth

Table 3. Growth performance of shrimp (mean initial weight of 0.3 g) fed the experimental diets for 75 days. Values are means + SD
of 8 replicates. Resulfs in the same columns with different superscript lefters are significantly different (P<0.05) based on analysis of
variance followed by the Tukey's multiple comparison test.
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By Pau Badia, Nitrada Yamuen, Chatbongkot Meakniti, Kultida Khwankuea, Ratchakorn Wongwaradechkul, Audrey Burkard, Marius
Nicolini, Tarinee Limakom, Anton Immink, Olivier Decamp, Ralf Onken and Andy Shinn

nterocytozoon hepatopenaei  (EHP), a  fungal

microsporidian  parasite commonly infects the
hepatopancreas of the whiteleg shrimp (Penaeus
vannamei). It is now arguably the key health concern for
many producers across Asia. The ingestion of spores
results in the infection of epithelial cells lining the tubules
of the hepatopancreas. The subsequent proliferation and
release of spores either by exocytosis or consequential
cell breakdown, impacts on the digestive capacity of
shrimp, resulting in slow growth and a notable variation in
the size of stock. Chronic infections can lead to the loss
of stock.

Controlling EHP in farm environments is a challenge. The
key to its management lies in strict biosecurity and disease
surveillance practices, i.e. in the rigorous disease festing
of stock, feeds and water at each point in the production
chain; avoiding the introduction of infected batches of post
larvae and water info ponds and avoiding the overstocking
of culture systems. It is also ensuring effective water and
waste management and the comprehensive disinfection
of ponds between crop cycles. As the original source of
EHP has as yet to be determined, it is important that all
alien organisms are excluded and their entry into culture
systems are prevented. Likewise the on-farm movement
of equipment between ponds should be avoided where
possible unless robust disinfection procedures are in
place. The number of shrimp, the sampling strategy and the
diagnostic methods used, are appropriate for the sensitive
and confident early detection of infections.

The disease management component of the Shrimp Health
Resources Improvement project (SHRImp), a project
funded by IDH-the Sustainable Trade Initiative and the
Walmart Foundation and managed by the Sustainable
Fisheries Partnership (SFP) and ThinkAqua, is conducted
by a collaborative team of scientists from Benchmark R&D
(Thailand), FAl Farms Limited and INVE Thailand who have
set up mobile shrimp health clinics in three Thai provinces
to support farmers in their shrimp health testing needs.

November/December 2020 AQUA Culture Asia Pacific

The clinics operating out of the shrimp clubs offer health
evaluationsand molecular disease testing forearly mortality
syndrome/acute hepatopancreatic necrosis (EMS/AHPND)),
EHP and white spot disease syndrome (WSSV). Farmers
can drop off samples, which are processed while they
conduct club business. The results are relayed back to the
farmer by phone and through a purpose-designed software
platform that runs on a mobile phone app-MyShrimp.farm.
Access to the application has several layers of security so
that the confidential results can only be seen by the farmer,
who can decide who they wish to share their results with.

In 2019, 129 farms, 451 ponds and >13,250 shrimp were
tested. Infection rates across the three provinces ranged
from 44.1%-95.2% (average was 48.6%). Infection rates in
earthen or slope-only lined ponds were higher (65.9%) than
fully lined ponds (46.3%). Looking at other combinatorial
factors such as the presence of shrimp ftoilet or not,
indicated that infection rates in earthen and slope-only
lined ponds with no shrimp toilet were higher (81.1%) when
compared to fully lined ponds with a shrimp toilet (60.9%).
The most worrying finding from the study was that infection
rates have confinued fo rise, with test results from the last
six months of 2019 indicating an average infection rate of
84.8%, while the testing of a further 262 ponds throughout
the first half of 2020 suggest an infection rate of 93.5%.

Formore information, email: andy.shinn@bmk.asia (Dr Andy
Shinn, BMK); nitrada.y@bmk.asia (Nifrada Yamuen, BMK),
pau.badia.grimalt@stir.ac.uk (Pau Badia, SFP) and
o.decamp@inveaquaculture.com (Dr Olivier Decamp, INVE).
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By Ana Rodiles, Frangois Cellier, Stephane Ralite, Eric Leclercq and Mathieu Castex

hrimp hatcheries are crucial fo successful harvests

and overall, to the aquaculture industry as providers of
healthy, robust and predictable fast-growing post larvae
(PL).Inrecentyears, nursery systemshave beendeveloping
globally amidst a number of bottlenecks associated
with the stocking of early PL into open pond systems.
Nurseries offer a more controlled environment enabling
the implementation of stricter biosecurity measures, which
minimise the propagation of opportunistic pathogens and
the risk of infectious outbreaks at the sensitive PL stage.
Both culture phases typically use closed systems with
various water renewal rafes.

In such systems, pathogenic bacteria may bloom, and
organic matter may accumulate, resulting in toxic inorganic
nitrogen build up. Additions of new water, effectively
diluting any unwanted elements, can be a solution but
risk infroducing pathogens, and often cause abrupt
environmental fluctuations. Such fluctuations may lead
fo imbalances in the water and infestinal microbiota, by
stressing the closed system and hence the shrimp, which
can become more vulnerable to outbreaks of opportunistic
pathogens. In an aftempt fo control bacterial pathogens,
broad-spectrum antibiotics (ABX) are sometimes applied
indiscriminately. This brings in the risk of exacerbating a
disequilibrium of the microbiota while promoting antibiotic
resistance and the risk of antibiotic contamination in
harvested shrimp.

At Lallemand Animal Nufrition, we support hafchery and
nursery operations with dedicated microbial solutions
for bioremediation, biocontrol and in-feed probiotics.
The impacts of such microbial inputs are often difficult
fo appreciate due to the complexity of the microbial
interactions at play and the analytfical methods needed to

decipher them. This article gives an example of how new
technologies can help our understanding of the microbial
interactions and the impacts of bioremediation and
probiotic bacteria in shrimp culture.

While classical microbial plating systematically selects
a portfion of the bacterial community depending on the
growth medium used, molecular techniques give access to
the whole microbial community (Figure 1). The substrates
such as faeces, infestinal mucosa, culture water, pond
soil or tank biofilm are first sampled. The DNA or genome
of the whole bacterial community in the sample is first
extracted with a dedicated DNA extraction kit. Then DNA
from a specific region is multiplied by PCR and the resulting
amplicons (DNA fragments) are sequenced using an
amplicon sequencing machine. This results in millions of
sequenced DNA fragments that are, using bioinformatics
tools, sorfed ouf and matched against a worldwide
database of microbial DNA. The output is a complete profile
of the bacterial species and their relative abundance in the
sample, which includes non-cultivable bacteria, making it
possible fo approach the real composition and diversity of
the microbiota population.

Lallemand Cenfres of Excellence have established
partnerships with research entities around the world and
satellite collaborations to fast forward the development
and innovafion of microbial solutions supporfing
susfainable animal production, and continuously
document the biology, mode of action and benefits of
existing yeast and bacteria strains dedicated to animal
nutrition. These centres have infternalised the amplicon
sequencing process to develop a harmonised approach to
analyse complex microbial community samples.

1] (1] a
PER resulty
A s ] = Lequencing
liberasy
& PCR =S==Z==
ST . — —
: - __ _— =
= e e
e = =
win i ile ==
o o 1] 1]
TU dlustering Tax mi¢ snmotation Ralative Abundands
ads o BETINL
1133 BL
Pr————— u T
— " s
——— - . - Figure 1. Amplicon sequencing
i workflow: extracting samples DNA, PCR,
= amplicon sequencing and bioinformatics
analysis.
ember/December 2020 AQUA Culture Asia Pacific



" - REEFER
| CARGO
'- SEAFOOD U

YOUR

SEAFOOD _
IS OUR |
FOCUS.

With MSC, you can reach any market around the world. .
Building on decades of experience, we care for your cargo
24/7 at the port, over the seas, on trucks or on trains. |
You can rely on our local teams to
! the unique requirements of



16 | Shrimp Culture

Bacillus Pediococcus
Z 08 ABX : ECEN ABX L}
E g os 0.30
[ - ] - -
- |2 04 Eg; | Figure 2. Relafive abundance of
Q& 03 015 Bacillus and Pediococcus in ABX and
'Ei g 02 010! LAL treatments in hatchery water and
T = 1 0.05 nursery shrimp gut microbiota (P<0.05).
& mill l I - Individual data, average (straight line)
— . ¥ - and median (dotted line) for each
> £ 20 CON ' 12 CON : treatment are shown.
o !
=
@ |5 15 1.0
2 0.8
E = 1.0 |
= - 0.6
= | 2 o0s 0.4
3 0.2 I I I
& attull-lul-- k= J

We carried out a confrolled experiment in Vietnam
covering both the hatchery and nursery phases in the
culture of whiteleg shrimp (Lifopenaeus vannamei). The
hatchery phase was performed in a commercial hatchery
(6,500L tanks, 200 nauplii/L, 31°C, 32ppt, no water
exchange) and compared different Lallemand products
(LAL) to antibiotics (ABX) applied in water under routine
husbandry practices. Shrimp were then transferred to an
adjacent pilot-scale nursery (250L tanks, 2 PL10/L, 20ppt,
28°C, 15% water exchange/day) where LAL and competitor
products (COMP) were applied against a negative control
under standard management. The ftrial assessed the
changes in gut and water microbiota generated by the
freatments and the consequences on performances with
the aim to answer practical and frequently asked questions
(Table 1).

Bioremediation
products

In-feed probiotic

Hatchery (22 days, n = 6/freatment)
Lallemand (LAL) | Lalsea PL Pack
Antibiotic (ABX) | OTC (5ppm/day) -

Nursery (28 days, n = 4/treatment)

Bactocell

Lallemand (LAL) | Lalsea PL Pack Lalpack Probio

Competitor Competitor Competitor
(COMP) product product
Control (CON) No product No product

Bactocell: Pediococcus acidilactici CNCM [-4622 (MA 18/5M);
Lalsea PL Pack: Bacillus spp. and Bactocell; Lalpack Probio:
Bactocell and Saccharomyces cerevisiae var. boulardii (CNCM [);
OTC: oxytetracycline

Table 1. Treatments of water bioremediation and in-feed probiotics
in a commercial hatchery and nursery under routine husbandry

pracfices.
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The bacteria within Lalsea PL Pack (Bacillus and
Pediococcus) were tracked back to the genus level. In the
water, Pediococcus represented 0.2% of the microbiota in
the LAL treatment group compared to 0.01% in the ABX
freatment group, while Bacillus made up 0.4% and 0.02%
of the microbiota in the LAL and ABX treatment groups,
respectively (Figure 2).

Similarly, in the shrimp gut, the application of LAL products
increased by more than 200% the presence of Bacillus
and Pediococcus compared fo the control tfreatment at the
nursery phase.

Together, this unequivocally showed that the input of
beneficial bacteria, directly in the water or in the feed,
can be tracked back and be found in significantly higher
numbers in the rearing water and within the animals.

Yes. Some undesirable bacteria could not be detected
(0% prevalence) in the hatchery water when using
LAL products including a family of Vibrio species
Pseudoalteromonadaceae, (ABX:1.1%), Thiohalorhabdales
(ABX: 0.6%) involved in the tail fan necrosis of the lobster
and the genus Algoriphagus (ABX: 6.4%) linked with the
early mortality syndrome/acute hepatopancreatic necrosis
disease (EMS/AHPND) from Vibrio through horizontal gene
fransfer. Furthermore, in the shrimp guf, LAL decreased
Enterobacteriaceae family (0.1% vs 3.8% in ABX) and
bacterial genus from typical aquaculture pathogens such
as Tenacibaculum (0.03% vs 0.4%) and Nautella (0.6% vs
2.4%).
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In the nursery, applying LAL products significantly reduced
the prevalence of potential pathogens in shrimp gut
from 7.5% to 0.28% (minimum 87% reduction), including
Vibrio (0.1% vs 1.4% in the control), Acinefobacter (0.03%
vs 4%), Thalassomonas (0.02% vs 0.6%), Owenweeksia
and Sedimenicola  (0.02 vs 0.2%). With LAL, the
Enterobacteriaceae family was reduced (0.1% vs 0.3%
in the control), no Cellvibrio (0.6% in the control) which
hydrolyses chitin, and no Coccinistipes (0.13% in the
control) were detfected. This last genus is typically enriched
by some microalgal bloom and generally found in locations
relatively rich in organic carbon.

Yes. Figure 3 shows that at the hatchery phase LAL
freatment increased Thalassobious (40% vs 7% in ABX)
from the Rhodobacteriaceae family in the gut of all shrimp
assessed. This family has been recently suggested as a
source of probiotic as it is able to synthesise vitamin B12
and tropodithietic acid (antagonistic to Vibrio species) while

having a large potential confribution fo feed digestibility.
Also, in the LAL treatment group, a higher proportfion of
Psychroserpens (2% vs 0.2% in ABX) was found in line with
previous findings after probiotic yeast feeding.

In the nursery phase, the application of LAL products
influenced the gut microbiota compared to the control
group with an increase in Phaeobacter (1.5% vs 0.6%),
the genus affiliated to the Rhodobacteriaceae family
and proposed as probiofic for ifs involvement in the
biosynthesis of natural antfimicrobial compounds and
nitrate reduction (Figure 3). Another genus of the
Rhodobacteriaceae family, Amaricoccus, was also
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found more prevalent with LAL (14% vs 6%). This
genus is remarkable for its capacity fo sfore large
amounts of poly B-hydroxybutyrate and produces
high levels of alkaline phosphatase, an enzyme with
health benefits promoting microvilli activity. In the
water, Bacillus were detected only with LAL (0.04%),
together with a significantly higher proportion of
Sphingomonas (27%vs 5%; involvedin denitrification)
as well as Rubrivivax (7% vs 1%; carrying nitrogen and
carbon fixation) and Kaisfobacter (8% vs 2%; capacity
to degrade toxic aromatic compounds).

A positive microbiota has diverse benefits such as
increased immune capacity and animal robustness,
as well as improved nutritional performance and
water quality, while a lower pathogen pressure
reduces the likelihood of disease outbreak.
Together, these findings support existing knowledge
on the capacity of specific microbial solutions, both
in-feed and in the water, to reinforce the presence of
beneficial microbes while helping to keep potential
pathogens atf bay.

No. The gut and water microbial population were
very similar at the hatchery but showed much more
disparities at the nursery stage (Figure 4). The general
consensus is that early immature life stage initially
acquires its gut microbiota upon mouth opening
and first feeding. This suggests that, by positively

Figure 3. Linear discriminant analysis effect size (LEfSe) of the
gut microbiota in shrimp of ABX in hatchery and control in nursery
compared with LAL treatment (P<0.05).
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modulating the water as well as live-feed microbiome
via probiotic enrichment, farmers can readily guide
and secure the animal’s microbiota.



At later stages, gut and water microbiota progressively
differentiate as the gut microbiota becomes much more
readily influenced by the feed and by its host, the shrimp.
This does not hinder the use of water bioremediation and
biocontrol bacteria after larval rearing but highlights the
need forin-feed probiotictoact on the infestinal microbiota.

No. The detection of the competitor probiotic (COMP;
containing other strains of Pediococcus acidilactici and
Bacillus spp.) in the shrimp gut was much lower compared
fo the LAL freatment group (0.8% P. acidilactici vs 0.01%).
Interestingly the levels of P. acidilactici in the competitor
group were also significantly lower compared to the control,
highlighting the need to select the right strain and define the
right dosage to truly influence the microbial communities.

The LAL freatment group also showed a greater increase in
gut symbionts when compared with the COMP group. It was
32% vs 7% for the genus Ruegeria of Roseobacter, which is
considered beneficial. It was 20% vs 4% of Paracoccus, a
natural producer of carofenoids such as astaxanthin; 1.5%
vs 0.5% of the probiotic Phaeobacter and 0.6 vs 0.1% of
Erythrobacter which produces Bacteriochlorophyll-A and
contains large amounts of carotenoids (Figure 5).
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Figure 4. Similarity in microbiota composition based on the
presence of bacteria (unweighted unifrac distances beta diversity)
in the shrimp gut and rearing water of both trials.
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Treatments with LAL products performed significantly
better than COMP freatments at reducing the relative
abundance of undesirable bacteria (0.9% vs 9%). These
include the family Enterobacteriaceae (0.01% vs 2%);
Klebsiella (0.01% vs 0.2%); Enferobacter (0% vs 0.3%)
which is associated with drug-resistance and food-
borne infections; Anaerospora (0.2% vs 4%); Halomonas
(0.1% vs 0.3%) which is related to human and animal
pathogens; Legionellales (0.6% vs 1.4%) which are
intracellular parasites; Thiohalorhadales (0.02% vs
0.2%) and Acinetobacter (0.02% vs 0.3%). With the LAL
freatment group, we also showed undetectable levels of
opportunistic pathogens such as Nocardioidaceae and

Shinella that can appear in the gut of diseased shrimp and
were present at 0.1% in the COMP group.

These results demonstrate that two apparently similar
products can show very different effects even when applied
under the same conditions. This emphasises the importance
of strain specificity in bacterial products. As a result of
improved water and intestinal microbiota, end-point body
weight, feed conversion ratio (FCR) and survival improved
in the LAL treatment group compared to the COMP group
in the nursery. The former group yielded better and more
consistent performance (Figure 6).
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Figure 5. Relative abundance of beneficial bacteria and potential pathogens in the nursery shrimp gut microbiota of COMP and LAL
treatments (P<0.05). Individual data, average (straight line) and median (dotted line) for each freatment are represented.
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Figure 6. Nursery stage performance of COMP and LAL freatments.
Lines represent individual tank replicates; dot and vertical bars,
the average + SE of body weight, survival and b-FCR for each
treatment.

Conclusion

Latest molecular tools shed some light in the understanding
of microbiota and on how microbial products and
process work. This trial demonstrates that we can frack
the products in the water and in the shrimp. Lallemand
microbial solufions reduce undesirable bacteria pressure
and increase symbionts with a particular effect on the family
Rhodobacteriaceae, including members of the beneficial
Roseobacter group (Phaeobacterand Ruegeria), Paracoccus
and Thalassobious.

It is particularly important to positively modulate water
microbiome in the hatchery, as it is tightly linked to shrimp
gut microbiota af the early stages. The choice of a product
contfaining carefully selected and well documented
bacterial strains is crucial to deliver the expected impacts—
fo support a stable and balanced microbiome fowards a
healthy growth under real-time conditions.

Ana Rodiles is Omics Research Scientist, Monogastric
Center of Excellence, R&D

Francois Cellier is Aquaculture Project Manager/Technical
Support.

Stephane Ralite is Aquaculture Product Manager.

Eric Leclercq is Aquaculture R&D Manager and is
responsible for technical support.
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All authors are with Lallemand Animal Nutrifion, France.
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The genus Artemia has been aftributed
as a keystone species which contributes
to the growth of aquaculture globally. Its
ability fo produce dormant eggs - cysts,
that hatch info live nauplii on demand
makes Artemia a convenient live feed
for cultured marine fish and crustacean
larvae. Hatched nauplii of Artemia are
a rich source of protein, lipids and
carbohydrates; fish and shrimp larvae
can easily consume the suitably sized
nauplii which also stimulate the feeding
response of the cultured species (Leger
et al., 1986). In addition, capitalising on
thenon-selectivefilterfeedingbehaviour
of Artemia, it is possible fo conveniently
manipulafe the biochemical composition
of live nauplii. The filter feeding Artemia
can rapidly bioaccumulate nutrients
deficient in its own nutritional profile;
the enriched Artemia nauplii are then
able to enhance the larval development
of marine fishes and crustaceans
(Sorgeloos et al., 2001). The increased
usage of Artemia as live food for larval
organisms since the 1980s has enabled
aquaculture production to grow beyond
that of wild-caught fisheries in the last
decade (FAO, 2016).

ADULT

YOUNG
NAUPLII

AND EFFLUENTS

The process of separating Artemia nauplii from cysts
remains a significant bottleneck in the production of
high-quality live feed. Double sieving, for instance, is still
commonly practised, but the method is labour-intensive,
inefficient and often results in Arfemia of poor quality
(Figure 1). The method rests on the idea that nauplii will
pass through the mesh of a submerged net while the cysts
and empty shells are caught in the net. However, those
smaller than the mesh size also pass through the net and
remain among the live nauplii. During the process, the
nauplii — forced o pass through the mesh of the sieve -
often suffer physical abrasions. Moreover, nets clog easily,
risking increased damage to the Arfemia nauplii. Dead or
damaged nauplii are less attractive prey items; together
with the unwanted debris, they increase the bacterial
activities at the bottom of the tank. On top of that cysts
can block the still developing digestive system of fish and
crustacean larvae.

Chemical decapsulation was infroduced to overcome the
shortcomings of double-sieving (Figure 1). An alkaline
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Figure 1. Methods to separate Artemia cysts from nauplii.

hypochlorite solution is used to dissolve and oxidise the
hard, brown outermost layer of cysts (i.e. chorion) to free
viable embryos ready to hafch. The challenges arising
from decapsulation, however, are manifold: the chemical
process is complex and requires a highly trained and
skilled workforce to attain optimal hatching.

During the exothermic process, heat that may damage
or reduce the viability of the embryos is produced.
Consequently, it is necessary to moniftor and control the
oxidation process closely and to interrupt the process
at the right time. The need for chemicals and skilled
labour makes decapsulation a more costly solution.
Lastly, decapsulation produces toxic by-products not
easily disposable due to their adverse effects on the
environment.

Consequently, double-sieving and/or decapsulation, no
longer represent efficient and sustainable methods to
produce live Artemia nauplii. A better alternative is crucial
to allow the aquaculture sector to grow further.



Production by the aquaculture industry has surpassed that
of wild-caught seafood and beef and is gaining importance
as the main source of animal protein in the future (FAO,
2016). As aquaculture production is expected to increase
even further, more efficient and sustainable Artemia nauplii
harvesting techniques than the traditional methods are
crucial. INVE has worked firelessly for more than 35 years
to develop innovative technologies to revolutionise the
aquafeed industry. This includes the patented SEP-Art
technology, which efficiently separates the Arfemia nauplii
from the unhatched cysts. This technology uses magnet-
sensitive SEP-Art cysts and a SEP-Art separation tool that
utilises magnets fo separate the nauplii from the cysts and
empty shells (Figure 1).

It is important to note that SEP-Art Artemia cysts are not
derived from a specific strain of Arfemia. These cysts
are produced from a patfented technology, especially
developed to coat the cysts with a non-foxic layer of
magnetic material with no effect on the overall hafching
characteristics of the cysfs. This means that the optimal
hatching conditions have not been changed and the same
protocols can be followed to hatch the product. In this way,
the collection of the nauplii has been simplified and is more
efficient and straightforward.

During the last 10 years, the SEP-Arf tools have been
confinuously improved from initial designs to three next-
generation tools: SEP-Arf HandyMag, SEP-Art Cystm2.0
and SEP-Art AutoMag. Although the three SEP-Art tools
differ in their degree of automation, integrated cleaning
system and ease of usage, each employs the same concept
of using magnetism to separate Arfemia from the unwanted
debris. The process collects the cysts on the submerged
magnets for their easy removal from the Artemia nauplii
suspension. Doing this, the suspension, will turn from a
murky brown info a bright orange coloured suspension,
only containing Arfemia nauplii at the end of the process.

In contfrast with double-sieving and decapsulation, SEP-
Art technology maximises the recovery of the hatching
output, leading to a 12% increase in biomass (Figure 2).
Furthermore, the technology enhances the vitality of the
Artemia nauplii since no physical force or chemical reaction
is employed during the process. Simultaneously, the
easy-to-use tools speed up the process of handling and
harvesting, allowing even large volumes of nauplii fo be
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Figure 2. A comparison of the quantity (i.e. biomass) and quality
(i.e. survival) of Artemia harvested from fraditional versus SEP-Art
methodology.
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handled efficiently. The fools are intuitive to use, making
the tfechnology accessible even fo untrained workers.
This means, using this technology farmers will be able fo
harvest more and better quality Arfemia nauplii in a shorter
amount of time. Importantly, no chemical wasteis produced
making it safer for both the user and environment.

All'in all, by employing simple physical principles INVE has
developed an innovative technology in the aquaculture
live feed sector; this fechnology provides an eco-friendly
alternative to tfraditional, ineffective, complex and even
harmful Arfemia harvesting techniques. The SEP-Art
fechnology is the quintessence of a forward-thinking
aquaculture sector ready to feed the world on sustainably
reared seafood.
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Channel catfish farming in China: An
introduction to common infectious diseases

While production is on the rise, fungal and bacterial diseases threaten channel catfish farming.

By K.P. Sun

he channel catfish Icfalurus punctatus was first

intfroduced to China from the US, by the Fisheries
Research Institute of Hubei province in 1984. Artificial
reproduction was successful in 1987 and brought about
the rapid rise in its culfure in Hubei, Guangdong, Guangxi,
Jiangsu, Liaoning, Jiangxi and other provinces. During the
earlier phase of its development (1984-1997), it was mainly
farmed in ponds. Later, during the years 1998-2003, cage
culture was initiated. The period of rapid development was
from 2004 to 2009. By 2013, production rose fo a historical
high of 247,399 ftonnes (Li et al., 2018). In 2018, channel
catfish production reached 230,442 tonnes (FishStat),
2020).

Today, the main culture systems are mono- or polyculture in
ponds, and cages located in rivers, lakes and reservoirs. It
is also cultured in high density flow-through systems. One
challenge encountered in its culture is disease outbreaks,
aftributed to the absence of standard culture technology,
high density farming systems, poor culture environments,
and the pursuit of high yields. Stocking density is usually
128-160 fish/ha and 100-120 fish/m? in cages (Li et
al., 2018). In this article, we describe some fungal and
bacterial diseases affecting the channel catfish in China
and suggest some treatment protocols.

Saprolegniasis
This is caused by the following fungal species: Saprolegnia
parasitica, Saprolegnia ferax and Saprolegniamonica.

Invasive infections tend to occur during periods with low
water tfemperatures and are often a result of frauma to gills
and body surface caused by negligence in operations or
fransportation. The infection may also develop due to poor
water quality or precipitating factors, such as parasites,

bacteria or latent virus infections. It is also common in high
density farming when water flow is too fast. Saprolegniasis
is prevalent in periods with low water temperature (below
18°C) which weaken the fish's immunity and increase mould
activity.

At early stages, infected fish are not easily identified with
the naked eye. When the infection is thus visible, the hyphae
will have grown into the fish's muscle and spread. Small or
large cotfton-like greyish-white mycelium will grow radially
on any part of the body, and spread acutely on the body
surface, leading o muscle rot and easily causing bacterial
infection (Figure 1).

Prevention and treatment

We recommend immersionin 3-4% saline for 5minutes after
fransportation. Disinfection with 30 ppm formalin for 18-24
hours provides an effective alternative. These procedures
are permitted in the US, and thus do not hinder exports fo
that country.

Alfernatively, the farmer should enhance farm hygiene,
management of net cages, avoid high density farming
and unnecessary transportation and stress. During the
change in seasons, pay atftention to feeding and provide a
nutritionally balanced diet; Grobest animal health products
and multivitamins should be added before removing the
fish from ponds and during fransportation to enhance the
immunity of fish.

It is also suggested that when removing the fish from
ponds and during transportation, utmost care should be
exercised so as not to injure the fish. New net cages should
be disinfected before stocking fish fo prevent wounds from
mould infections.

Figure 1. In Saprolegniasis, small or large cotton-like greyish-white mycelium will grow radially on any part of the body.
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Skin rot, tail and gill rot disease

The signs and symptoms are many for this disease
caused by the bacteria Flavobacterium columnare and
Flavobacterium branchiophilum. There are greyish-white
spots on the head, gills and fins, as well as on the body
surface of the diseased fish, epidermis hyperemia of
the inside of the operculum, eroded gill filaments and
pale caudal peduncle. Other symptoms include the
disappearance of mucus on the body surface, red and
swollen muscles, followed by caudal fin defects, caudal
peduncle muscle ulceration and loss. In more serious
cases, the tail bone is exposed.

This disease tends to occur when the water temperature is
15-32°C and does not occur under 15°C. Strains with strong
pathogenicity invade the gills, resulfing in dark yellow
spofty colonies on gill filaments and gill hyperemia, which
look dark red, with small petechiae, an increase in mucus
secretion, and damaged soft tissues that dissolve and
fall off, causing severe damage. The gills appear broom-
like, and this condition is referred to as gill rot. For strains
with weak pathogenicity, the infected sites are the skin
and nearby fins; necrosis, discolouration and scale loss af
infected sites. Such strains invade deep muscles and result
in some skin ulceration. This condition is referred to as tail
rot (Figure 2).

Prevention and treatment

Firstly, we suggest an enhancement of farm hygiene
management of net cages and o avoid high density farming
and unnecessary transportation and stress. During the
change in seasons, pay attention to feeding and provide a
balanced diet. Our recommendation is to use Grobest animal
health product and multivitamins in feed before harvesting
the fish from ponds and during transportation fo enhance
the immunity of fish.

Secondly, during harvesting of fish from ponds and during
fransportation, avoid injuring the fish and disinfect a new
net cage before stocking fish.

Figure 2. Skin rot, tail rot and gill rot diseases caused by
Flavobacterium spp. Symptoms include greyish-white spots on
the body surface of infected fish (top left), eroded gill filaments
(top right) and epidermis hyperemia of the inside of the operculum
(bottom left). In microscopic analysis, bacterial colonies appear as
small particles grouped together (bottom right).
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Enteritis

The signs of enteritis caused by Aeromonas spp. in infected
fish are abdominal swelling, white gill filaments, fin ray
hyperemia—particularly on the dorsal fin, and visible
hyperemia spots on the body surface. Infected fish have
decreased appetite, thin bodies and mainly swim near the
surface of the water. When fishis near death, the head faces
upwards and the tail downwards, and it struggles to swim at
the surface of the water. On dissection, we observed that
the intestinal wall of the fish has mild or severe hyperemia,
containing light yellowish-green mucus and a thick
discharge when the abdomen is gently pressed. In serious
cases, there is water in the gastrointestinal tract, causing
the abdomen to swell (Figure 3).

Prevention and treatment

We suggest adding health products normally fo enhance
the metabolism of the digestion system and effectively
promote the formation of a good microorganism
environment in the intestinal tract of fish, reduce the
content of putrefactive metabolites, enhance the immune
functions in the fish’s body, and greatly reduce the
incidence of enteritis fo achieve optimal immunity.

Fishdisplaying signs and symptoms of diseases in net cages
should be freated orally, with medicinal baths, or with both
methods as soon as possible according to drug sensitivity
fest results and management measures on the use of drugs.

i

Figure 3. Signs and symptoms of enteritis caused by Aeromonas
spp.areaswollenabdomen (top left); finray hyperemia, particularly
on the dorsal fin and visible hyperemia spots on the body surface
(top right), and the intestinal wall of the fish show mild to severe
hyperemia (bottom left).

Catfish edwardsiellosis

Thisis caused by the bacteria Edwardsiellaictaluri. The signs
and symptoms differ when the route of infection is through
the intestinal tract, it causes sepsis and where it is through
the olfactory nerve of the head to the brain, it causes
neurological symptoms. The infected catfish can be found
floating and swimming at the surface of the water and often
suddenly swimming in spirals. There will be bleeding of the
mouth, the sides of the body, the abdomen and the bottom
of the fin base. The eyes protrude, and ulceration of the
forehead (called hole-in-the-head lesion) is common in
adult fish (Figure 4). A common symptom is the fish floating
vertfically in the water with the head facing upwards.



Other signs are abdominal swelling with ascites (containing
blood or plasma), pale gills, small skin ulcers on the sides
of the body, enlarged liver, kidney and spleen and petechial
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Prevention and treatment
The pond water should be exchanged regularly and a
normal water level should be maintained to prevent water

lesions in the viscera, abdominal cavity and muscle.

S

ageing and sudden changes in water temperature. When
the disease is suspected, pathogenic bacteria isolation and
identification and drug sensitivity tests should be carried out
as soon as possible and sensitive drugs should be selected
to carry out treatment.
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Figure 4. Catfish edwardsiellosis is caused by Edwardsiella ictaluri.
Signs of this disease are: A. ulceration of the forehead in adult fish;
B. abdominal swelling with ascites which contain blood or plasma;
C. ulceration and protruding and opaque eyes and D. protruding
eyes, small skin ulcers and bleeding.

K.P. Sun is with the Technical Support Team, Grobest Group,
based in Taoyuan, Taiwan
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Recovery from bacillary necrosis of pangasius
using a nutrition complex

Supplemented in feed, catfish fingerlings showed liver and kidney recovery after Edwardsiella

ictaluri bacterial infection.

By Phuong Do, Oanh Dang, Phuong Dang, Audric Touchet, Gaetan Gutter, Philippe Mahl and Hoang Phan

Transfer of juvenile caffish.

triped or tra catfish Pangasianodon hypophthalmus is

cultured intensively in Vietnam. In 2019, pangasius
production, covering around 6,600ha reached 1.42 million
tonnes, and was valued at approximately USD645 million
(VASEP, 2019). Culture density is high, commonly 20-40
fish/m2during the grow-out stage; fish are harvested when
they reach sizes of 800g-1kg/fish. The biomass could reach
40kg/m? (Nguyen, 2013).

Bacillary necrosis of pangasius (BNP), a bacterial infection
caused by Edwardsiella ictaluri is a threat to farms. The
disease which is difficult to recognise at the early infection
stage was first identified in 2002 (Crumlish et al., 2002).
Although striped catfish can be cultured at high densities,
its susceptibility to this pathogen increases the chance
of spreading the disease quickly among individuals. A
late detection of a BNP infection may lead fo serious
losses of up to 90% mortality (Dung et al., 2004). This
disease causes internal damages such as white necrotic
or pyogranulomatous foci in liver and kidney (Ferguson et
al., 2001) which could not be visibly observed during the
early infection stage, thus posing a challenge to disease
detection.

Both prevention and freatment are necessary as the disease
may occur at any culture stage. Infected fish have eating
and digestion problems leading to a reduction in growth rate
and meat quality, the latter due to the damage in the infernal
organs. Liver and kidney of fish, the main organs affected
by BNP, play an important role in osmoregulation, digestion
and immune system. Fast recovery of these organs after
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infection could be crucial for fish quality at harvest;
however, few studies on recovery of striped caffish
after BNP infection have been conducted.

Functional amino acids

In recent years, aquaculture experts have developed
an interest in functional amino acids due fo their
possible roles in body metabolism and homeostasis
in fish. Supplementation of an appropriate amount of
functional amino acids can assist fish in healing and
avoid apoptosis as well as infernal stress (Anderson
et al., 2016). Use of medicinal herbal plant extracts
in aquaculture has gained significant results as
chemical agentsin terms of animal health and disease
control (Gabriel et al., 2019). Artichoke is a popular
herbaceous plant used worldwide for its action on
dyspeptic and hepatic disorders. In previous in vivo
assays, its leaf extract showed an improvement
in liver tissue stfructure and hepatic metabolism in
animals with hepatocellular carcinoma (Metwally et al.,
2011); this extract introduces a potential application against
fish liver damage caused by BNP. Another plant that showed
a promising recovery effect on kidney injuries belongs fo
the genus Orthosiphon. According to Gao et al. (2015),
metabolites extracted from Orthosiphon improved metabolic
aberrations in animals and supported the healing of injured
kidneys.

In this study, we used a mixture of amino acids, herbal
exfracts and excretion stimulants (Carniforcyl Aqua, Virbac
Vietnam) for assessment of its supportive effects on the
health recovery of striped catfish via organ and fissue
examinations. Additional microbiology tests on re-isolation
of E. ictaluri from liver and kidney samples were carried out
for further confirmation of full recovery of fish after feeding
with this mixture.

Tank and fish preparation

Healthy striped catfish fingerlings (12.6+0.13g/fish) were
used for this study. Fish were acclimated for a week and
checked to ensure that there was no infection of parasites
(on gills and infernal organs) and bacteria (E. ictaluri and
Aeromonas hydrophila) before starting the study.

BNP challenge protocol

A bacterial strain E. ictaluri CAF 258 from the strain collection
at Can Tho University, Vietnam was used for this challenge.
The bacterial strain was enriched in TSB at 28°C for ~48
hours, then the cells were harvested by centrifugation and
washed twice with 0.9% NaCl sterile solution. Bacterial
density was adjusted to ~10° CFU/mL via optical density
measurement at 610nm and plate counts on TSA (Miles et
al., 1938).
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Figure 1. Clinical signs of internal organs of experimental fish with (A) normal infernal appearance of unchallenged fish, (B) typical
clinical signs of Edwardsiellaictaluri infection at day 3 of post-challenge with white patches in the kidney, and (C) internal appearance of
challenged fish before feeding treatment, noted the pale liver in body cavity.

A preliminary test was carried out fo determine the lethal
dose of 50% (LD,;) and the challenge dose was calculated
by immersion with bacterial suspensions. With a 500 fish/
m? density in 2m3 tanks, 3,000 fish were challenged by
60-minute immersion. Fish were then distributed info
250L plastic tanks with 200 individuals in each tank (70%
of freshwater with confinuous aeration and femperature
of 28-30°C). For the clinical follow-up, dead fish were
recorded for signs of BNP-infection and removed from the
tanks during the post-challenge period of 10 days. Bacteria
fromthefish liver (1 fish/tank) wereisolated by culturingona
selective medium for E. ictaluri — EIA agar plates for infection
confirmation. The remaining live fish were then ready for the
experiment on different recovery applications/treatments.

Treatments

Six treatments were set up in triplicates with 80 individuals
per 150L fank. Fish were transferred from challenge
fanks and acclimated in treatment tanks for a day. Fish
were fed with a commercial pelleted feed with/without
supplementation of Carniforcyl Aqua (CA) via top-coating.
Application doses were at 5 or 7.5mL/kg feed in various
freatments. Top coating was applied with fish oil (20mL/kg
feed). Application durations varied from 7 or 14 days.

Positive (PC, with challenge) and negative (NC, without
challenge) confrols were included by feeding the
unsupplemented commercial pellets. During the treatment
period, fish were fed ad libitum twice a day (12-hour
interval). Water quality parameters were monitored daily
with siphon and water exchange applied (~20% daily).

Before feeding with CA, 10 fish individuals were randomly
collected for isolation of E. ictaluri on EIA and histology
analysis. After feeding with the mixture for 7 and 14 days, 3
fish per tank were collected for the same analyses. Both liver
and kidney of fish were fixed in 10% neutral buffered formalin
fixative, then processed and stained with haematoxylin and
eosin (H&E) for histology observed under a light microscopy
using the method of Coolidge and Howard (1979).

Changes in clinical signs of experimental

fish

On day 3 after the BNP challenge, sampled fish did nof show
obvious external clinical signs. Normal internal organs were
observed in the NC (Figure 1A); however, internal clinical
signs of typical E. ictaluri infection such as white patches
on kidney, spleen and liver were noted in all collected
samples subjected to the challenged test (Figure 1B).
Surviving fish after 10 days of post-challenge showed few
white patchesin the internal organs (Figure 1C). All infected
specimens displayed pale and swollen livers and empty
intestines. Caftfish is capable of excreting E. ictaluri after a
disease infection (Nusbaum and Morrison, 2002); however,
damages in infernal organs were still observed as pale liver
and kidney conditions.

On feeding with the mixture for 7 days, the liver of infected
fish sfill looked pale in all challenged groups whilst the
kidney showed a healthy/normal colour, and the infestines
were full of feed. This indicates that fish ate normally after
the freatment duration. Samples collected from groups fed
with treatment diets for 7 days (both 5 and 7.5mL/kg feed)

Intralec
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Figure 2. Challenged fish at the end of the experiment from
freatments with Carniforcyl Aqua (CA) at (A) 5mL/kg feed for 7
days, (B) 5mL/kg feed for 14 days, (C) 7.5mL/kg feed for 7 days,
(D) 7.5mL/kg feed for 14 days, compared with normal feed (E)
positive control and (F) negative conftrol.

still had organs with a pale colour (Figures 2A and C) in
comparison to a pale colour in PC (Figure 2E) and a normal
colour in NC (Figure 2F). After 14 days of CA additions, all
collected fish samples looked healthy from the outfside, and
the fish liver looked as healthy as the NC fish (Figures 2B,
DandF).

Without treatment, clinical signs of internal organs of fish
with E. ictaluri infections were previously reported as chronic
systemic damages on channel catfish although fish were
fested negative for E. ictaluri after the outbreak (Shoftt et al.,
1986). Infections on both channel catfish and striped catfish
by E. ictaluri were similar on a histopathological point of view
(Pirarat et al., 2016). In this study, the supplementation
of the mixture at either 5 or 7.5mL/kg feed for 14 days
drastically improved the condition of internal organs shown
by both appearance and histology.
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Figure 3. Histology of liver and head kidney of healthy fish from
negative control (H&E stain).

A. healthy liver (40X) with exocrine pancreas (a) and liver cells (b).
B. healthy head kidney (40X) with melano-macrophage cells (a)
and arteries (b).
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Histopathology of experimental fish
Histological sections of fish samples taken at day 3 of post-
challenge from the NC showed apparently healthy liver with
exocrine pancreas and liver cells (Figure 3A), and healthy
kidney with a lot of melano-macrophage cells and arteries
full of blood cells (Figure 3B).

In contrast, fish collected from E. ictaluri challenged groups
displayed the typical histopathology of bacillary necrosis
(Figure 4). Liver tissues of infected fish showed the lack
of blood cells in artery lumen and there were structural
changes at the site of white patches (Figure 4A). At a higher
magnification, structural changes in the liver, discrete and
unconnected liver cells were shown with enlarged cell
nuclei and concentrated lymphocytes (Figure 4B). In the
head kidney fissues of challenged fish, there were areas
of structural changes with artery lumen that lacked blood
cells (Figure 4C), and severe necrosis that can be seen ata
higher magnification (Figure 4D).

Figure 4. Histology of liver and head kidney of fish from Edwardsiella
ictaluri challenged groups (H&E stain).

A.artery lumenin the liver (10X) lack of blood cells (a) and structural
changes in the liver at the site of white patch (b).

B. higher magnification (40X) of structural changes in the liver
showing discrete and unconnected liver cells (a), enlarged cell
nucleus (b) and concentrated lymphocytes (c).

C. areas of structural changes in head kidney tissue (a) and artery
lumen in the head kidney lack of blood cells (b) (10X).

D. severe necrosis in head kidney (40X).
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Before recovery freatments, pale liver fissues of
live challenged fish had concentrated Iymphocytes,
unconnected liver cells with irregular shapes, and

degenerated cytoplasm (Figure 5A). However, the head
kidney showed a healthy recovery naturally with melano-
macrophage cells, red blood cells and lymphocytes (Figure
5B). After 7-day CA supplementations at 5 and 7.5mL/kg
feed, the liver of challenged fish did not significantly recover
(Figure 5A and 5B) and remained unchanged until the end
of the experiment. However, 14-day application treatments
(both 5 and 7.5mL/kg feed) with CA showed an enhanced
recovery of liver of challenged fish with more connected and
healthier liver cells, and more blood cells in the artery lumen
(Figures 5C and 5D).
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Figure 5. A. Histology of pale liver of challenged live fish without
treatment diet showed concentrated lymphocytes (a), unconnected
and irregularly shaped liver cells (b), eosinophilia in cytoplasm,
nuclear degeneration (c) and vacuoles in the cytoplasm (d).

B. healthy kidney of challenged live fish without treatment diet
showed melano-macrophage cells (a) and red blood cells and
lymphocytes (b).

C. recovered liver fissue of survival challenged fish fed with
Carniforcyl Aqua (CA) for 7 days, and (D) for 14 days with a full
recovery.

Isolation of bacteria from liver and kidney
Results of E. ictaluri bacterial re-isolation on EIA are
presented in Table 1. The bacteria can remain in internal
organs of fish affer a disease outbreak (Pirarat et al., 2016;
Shoftt et al., 1986), which may infroduce another outbreak
in the same crop. It was reported that E. ictaluri possibly re-
infected surviving fish due to low anfibody titre after the first
infection (Vinitnantharat and Plumb, 1993). High stocking
density and environmental changes could also make the fish
immune systemvulnerable o a second outbreak. A previous
study reported a case of E. ictaluri re-isolation after 30 days
of post-infection (Pirarat et al., 2016), while another case
documented the re-isolation of the pathogen in kidney
and liver samples on day 26 of post-infection (Shott et al.,
1986). A similar result has been found in this study as one of
the samples of the challenged group (PC) without freatment
showed the re-isolation of E. ictaluri after 26 days (from the
challenge day). On day 7 with CA supplementations, a lower
number of infected fish were found to still harbour E. ictaluri
(11.1-16.6%, compared with 33.3% in the PC), and no fish
sampled had the bacterial species on EIA at day 14. In super
intensive striped catfish culture, accelerating the pathogen
clearance may reduce re-infection issues and maintain
good quality fish for harvest.

Experimental catfish with confirmed BNP infection showing
quite normal appearance.

Contact Syndel
(800) 283-5292 / salesasia@syndel.com

faySyndel
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Treatment diets with doses Number of fish samples having colonies on EIA/Total number of fish samples
of Sor7.5ml/kg feed of 3 days after Before recovery 7 days after 14 days after
Carniforcyl Aqua (CA) challenge treatment (Day 0) feeding with CA feeding with CA
CA5.1 9/9 2/9 1/9 0/9
CAS5.2 9/9 2/9 1/9 0/9
CA7.51 9/9 2/9 2/9 0/9
CA7.5.2 9/9 2/9 1/9 0/9
Positive control (PC) 9/9 2/9 3/9 1/9
Negative control (NC) 0/9 0/9 0/9 0/9

Table 1. Bacterial isolation on EIA

Conclusion : @
The results of this trial noted that the liver and kidney of
striped catfish had been affected heavily after the LD i

50
immersion challenge was applied. Applications of CA for 7 Phuong Do, Phuong Dang (pic), Audric Touchet

days supported the recovery of fish but had little effect in Gaetan Gutter, Philippe Mahl, Hoang Phan (pic) are with
terms of liver and kidney status compared to the positive Virbac, Aquaculture Division, Vietnam and France.
control. The results of supplementation at 5 and 7.5mL/kg Email: hoang.phan@virbac.vn

feed for 14 days continuously did bring a fast improvement

on appearance and condition of liver and kidney after the

BNP infection. In addition, all freated diets enhanced the Oanh Dang is Associate Professor
elimination process of the pathogen in fish since noE. ictaluri A / a1 Ce e Ulibyerely, s,

was recovered from the samples collected at day 14 of

application. Further studies should be conducted to explore

this beneficial effect of Carniforcyl Aqua, and its role in

stimulating excretfion on other aquatic species such as the
white shrimp. References are available on request
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Inside the hp, a spore activates, releasing its polar
filament, injecting the parasite’s sporoplasm directly into
a cell. Inside, the sporoplasm proliferates. Mature spores
then develop which are released back into the gut
damaging the cell which then sloughs away, the spores

EHP: fact sheet

What is EHP?

pass out in the faeces. Autoinfection is possible.

EHP or Enterocytozoon hepatopenaei isa fungal

®

micrmpnﬂdlan parasite that infects the AR AR ARARAAA ARA d
Kegatopmithiss. (N o ifes shrimgiipenaeus’ VAWV ww“u VWA Q0 —
monodon) and whiteleg shrimp (P. vannamei) % %Q > - .
in Thailand and results in slow growth and, in C f - —
chronic infections, mortalities, EHP is also Q O Q : _E

known from Brunei, China, India, Indonesia,
Malaysia, Philtp;ﬂrles, and Vietnam. The report
from Venezuela reql.ﬁres um'rhrmahﬂn.

Polar filament !
4-5 turns \ :
long ' .
Shrimp become infected by
ingesting spores from the e e
water, from sediment, from WL, S
_ eating EHP-infected live feeds e
A spore of (polychaetes, molluscs, frozen \ \ ;
E. hepatopenaei 0.0007 mm wide Artemia biomass etc) or by 4 \
_ [ ) cannibalism. | AN W
EI 1 Il".‘ . "
"~ How qull:klv infections dtuelnp will depend on the fann‘_
practices in place, the number of water exchanges made.
the quality of the feed | used etc; How can | check for EHP?

One of the biggest challenges is the circular movement of

water between linked ponds whid'l /means a reservoir of
infection is retained;

SPF shrimp become infected within 2 weeks when
cohabited with infected shrimp. Shrimp can become
infected within one week when fei:l"El-'IP-i_FrFemd hp, and,
within 15 days when exposed to pond soil. For earth
ponds without a toilet where there is no removal of
organic material and spares, infections can rise rapidly;

PL that are PCR negative (-) but have a 20-30% infection in
the hp might develop white faeces in 65-79 days. Note
that the PCR reaction is to nuclear DNA coding for the

spore wall; PCR detection of early stage infections are

more challenging. For PL that are PCR positive (+) with a
50-60% in the hp, when transferred to ponds might
develop white faeces within 30-44 days. PL that give a
strong PCR positive (++) result and have a 40-90%
infection in the hp might develop white faeces within 14-
20 days.

@ A.Shinn

-

Infection can be checked by microscopic
examination (at x100 oil immersion) of the
hp and the gut of the shrimp;

Infection can also be confirmed by
molecular testing of the hp by PCR.
Samples can be submitted live or fixed in
ethanol to your local lab;

Faecal samples from broodstock can also be
tested by PCR;

Regular health assessments are recomm-
ended. If there is a large difference in the
size of PL, if PL feeding activity is less than
expected, the number of lipids in the hp
drops, growth and moulting slows, then
these are also good indications of infection.
The number of swollen tubules may
provide an indication of how advanced
infections are.

Benchmark’ 4 fal THINKAQL



EHP infects the tubules of the hp causing cells to
slough and impacts on the shrimp’s ability to digest
its diet. If shrimp are unable to digest their diet and
repair the damage to lost tissue, the shrimp have a
reduced appetite and slow growth.

i =& =

> 4 EHP-infected shrimp may have a thin
\ cuticle, white muscle as a stress response,
N black spots on their eyestalks, in their

muscle tissue and along the hind gut.

Mgture,j

spores pass
‘out with the
faeces

B&?&geh grow-out cycles

* Drain ponds, check the sludge map and look for
residual pools of water — move aerators for
effective bottom cleaning;

* Using >15 ppm KMnO, or >40 ppm chlorine to
inactive spores has been suggested (Aldama-Cano
et al., 2018);

* For earth ponds, adding calcium oxide (CaO) or
quick lime at >6 tons hectare to quickly raise the
pH from & to >11. Ponds must be completely dry,
apply quick lime and then plough into the
sediment to 10-12 cm depth, then moisten to
activate the lime;

* Treatment of water before stocking with 18 g m?
calcium hypochlorite to remove wild crustaceans.

Walmart ld'h

please contact:

How do | manage EHP infections?

In broodstock facilities

*Use EHP-free tested feeds only (e.g. SPF
polychaetes) or use diets that have been preferably
pasteurised or gamma irradiated, or have been
frozen (i.e. 48 h @ -20°C to ensure that spores are
destroyed);

* Disease checking of animals before their transfer
into culture systems - this means only stocking EHP-
free animals.

In hatcheries

* Soak tanks and associated pipework in 2.5% sodium
hydroxide for 3 h, followed by complete dry out for
7 days. An increase of pH to >9 results in 90% of
spores firing (i.e. once spores have fired, they are
unable to infect host cells);

* Practice tight biosecurity;

* Disease check stock before their transfer into culture
systems - this means only stocking EHP-free animals
(i.e. destroy EHP positive batches);

* Conduct regular screening for EHP - swollen hp
tubules may suggest an EHP infection;

* If PL eat less than expected, then check the hp and
get a sample tested for EHP;

* Use of high-quality diets to promote shrimp health.

In grow-out ponds

* Observe proper stocking densities;

* Ensure effective disinfection of culture systems, pond
liners, farm equipment and water;

= The ageing of water may reduce EHP infection;

* Only stock EHP-free PL. Destroy EHP-infected stock;

* Only buy PL from registered hatcheries;

* Keep pond bottoms clean - remove accumulating
organic matter that could act as a spore reservoir;

* Move aerators to ensure effective water movement;

« If an infection is detected, give a high protein diet to
help the shrimp's digestive capacity and recovery of
the hp; '

* Do not overfeed shrimp — energy spent in digestion
will only weaken the shrimp;

* A wide range of natural products claim to control EHP
infections including chitosan, various essential oils,
herbal extracts, Spirulina, and, seaweed extracts —
their performance needs confirming;

* Poly aluminium chloride is wused to coagulate
suspended organic material including spores causing
suspended material to flocculate and to sediment
which can then be removed / pumped away;

* Ensure any new water entering production ponds is
treated to prevent re-infection.

—

Dr Andy Shinn (BMK): andy.shinn@bmk.asia

For more information, Ms Nitrada Yamuen (BMK): nitrada.y@bmk.asia

Mr Pau Badia (SFP): pau.badia.grimalt@stir.ac.uk
Dr Olivier Decamp (INVE): o.decamp@inveaquaculture.com
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Moving forward with the green way of life!

Organic aquaculture is a young sector facing some wide, challenging issues.

By Carlos Rodriguez, Carlos Lopez, Ewa Sujka and Lisa Collado

n general, we could say that aquaculture reflects a

seeking for sustfainability interdependence of three
“spheres” or classes of system: the economic, the social
and the environmental, and we can consider organic
aquaculture as being one step ahead when falking about
sustainability and effective uses of resources, including
social responsibility.

In the context of the 2030 Agenda, organic aquaculture
can be moved to the next level to meet the United Nations’
17 Sustainable Development Goals (SDGs), with special
attention allotted to SDG 14: Conserve and sustainably
use the oceans, seas and marine resources for sustainable
development.

Challenges can be myriad; problems appear to start from
incubation and continue throughout the entire production
cycle. Issues such as the difficulty in obtaining organic
seedstock for cerfain fish and crustaceans species,
veterinary freatment, welfare issues, or meetfing all
regulatory requirements for aquafeed and sources
for sustainable fisheries, are subjects that need to be
addressed in moving forward.

General rules on aquafeeds

Regarding organic feeds, given the early stage of organic
aquaculture, there is an open debate and discussion
on the balance that needs fo be achieved between the
fundamental rules in organic culture and the reality in the
supply of the raw materials for aquafeeds.

Aquafeeds must be formulated according to the nuftritional
requirements of the farmed organisms (NRC 2011), and
promote an animal’s growth, health and welfare. On the
other hand, organic products should ensure high quality
of the final product, covering consumer expectations,
and causing minimum environmental impact, including in
terms of micro and macro nutrients.

Luckily, recent European Union (EU) regulations help to
unify the criteria for independent certification bodies and
infernational standards for products, substances and
fechniques authorised for use in organic fish production.
Nevertheless, there are many issues that need further
attention and solutions; the most important is a clear
definition of concepts, which will help to avoid confusion,
prevent potential market fraud and eventually work to
increase trust of end users.

In the case of some species, carnivorous-omnivorous
species such as penaeid shrimp and freshwater prawns,
the EU production rule for organic aquaculture has sef
a maximum of 25% of fish meal and 10% of fish oil in
aquafeeds.

In the case of the catfish (Pangasius spp.), a maximum
of 10% fish meal or fish oil should preferably be derived
from sustainable exploitation of fisheries as referred fo
in Article 5(o) of Council Regulation (EC) No 834/2007
and defined in Article 3(e) of Council Regulation (EC) No
2371/2002 of 20 December 2002 on the conservation and
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Source: The EUMOFA “EU Organic Aquaculture 2017.
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sustainable exploitation of fisheries resources under the
Common Fisheries Policy (CFP) or organic feed derived
from organic aquaculfure sources.

Four principles in salmon production
However, in organic salmon production, under the
umbrella of European laws and infternational standards,
production must be based on specific principles, which
can be extended to the production of other organic fish.
Attenfion must be focused on monitoring a high level of
animal welfare that respects the specific needs of the
species:

1.The production of organic product from animals that
have been raised on organic farms since birth or hatching
and throughout their life.

2.Preservation of the health of the aquatic environment
and the quality of the surrounding aquatic and terrestrial
ecosystems.

3.Feeding aquatic organisms with feed from a sustainable
exploitation of fisheries as defined by Article 3
Regulation 2371/2002. Conservation and sustainable
exploitation of fisheries resources under the Common
Fisheries Policy, or with organic feed made from
agricultural ingredients from organic farming and
natural non-agricultural substances as defined under
(EC) 834/2007 Article 5.
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A nutraceutical proposal

LIPTOSA S.A. (Spain) supports sustainability in different
aspects, and when we detected an unsatisfied need in
organic aquaculture, we start to develop solutions and
tools for enhancing animal welfare in organic production,
striving fo cover possible gaps and enhance animal
wellbeing.

14 i

Want more money
in your wallet?

Jefo's enzyme solution complements
the natural digestion of fish and
crustaceans to advance feed quality
and reduce cost.

Move your business forward

Among the UN-United Nations' 17 Sustainable Development
Goals (SDGs), special attention is on SDG 14 - Conserve and
sustainably use the oceans, seas, and marine resources for

sustainable development. f
e O Jefo.com
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Recently, we have launched two products, under the scope
of Council Regulation (EC) No 834/2007 of 28 June 2007
on organic production and labelling of organic products
and repealing Regulation (EEC) No 2092/91.

Liptofry BIO, our first product which is a nufraceutical and
phytobiotic fo complement feed, is certified by European
Union legislation for use in organic aquaculture, in all
production phases. This nutraceufical proposal contains
botanical compounds obtained from fransformation of
aromatic plants of organic agriculture. This product may be
used continuously, improving zootechnical performance,
and supporting the organism in neutralisation of oxidative
stress, as it is a source of natural antioxidants.

Liptocitro MMM Bio is a complementary feed certfified for
its application in organic aquaculture during all production
phases, helping to confrol the negative impact of parasitic
infestations produced by trematodes and protozoa of
cutaneous and branchial location and, in particular, the
branchial parasitosis produced by monogeneans. Its
nutraceutical properties also promote intestfinal health,
achieving an improvement in the nutrient absorption,
offering a positive impact on zootechnical parameters,
and being a source of natural anfioxidants.

The basis for the standards

The concerns of organic aquaculture producers are
on basic requirements fo get the certification from the
private cerfification body or national agency. However,
independent of certification, phytobiotics developed by
LIPTOSA’'s R&D department could be considered as an
important device to ensure fish health and welfare under
conditions of organic production.

Unwritten pages about sustainability and organic
production, including organic aquaculture, are still
awaiting a bright future; therefore, we should not lose
focus of this niche market as an opportunity to diversify
aquaculture production in some regions under organic
sustainability concepts and achieving commitments with
meeting the 17 Sustainable Development Goals.

Finally, it is interesting to note that under the current
coronavirus situation, when all forecasts show a reduction
in the volume of conventional salmon production, that of
the organic salmon industry is stable and showing a befter
resilience to unfavourable conditions.

Carlos Rodriguez is Aquaculture Technical Support and
Veterinarian for LIPTOAQUA, the aquaculture division of
LIPTOSA.

Carlos Lépez is Asia Area Manager

Ewa Sujka is Commercial Director and Lisa Collado is
Vice-Director. All authors are with LIPTOSA S.A., Spain.

Email: info@liptoaqua.com
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Where there is krill, there is a way

A lifeline with this powerful feed supplement which improves nutritional composition and
attractability of plant- based or reduced fish meal feeds, and therefore growth and health of

white shrimp.

By Lena Burri and Geronimo Leonardi

he production of farmed shrimp is projected to grow

by 5.4% between 2018 and 2021 - more than twice the
recorded growth from 201210 2017 (Andersonetal., 2019).
Despite this positive prediction, surveys identify that
disease outbreaks and feed costs remain fop concerns to
further growth. Renewed outbreaks of Decapod Iridescent
Virus 1(DIV1) continue to threaten shrimp farming in China,
according fo seafoodsource.com and fish meal supply
confinues to decline whilst prices increase with demand
(FAO, 2020; Sherrard, 2019). This directs new aftention at
plant-based aquafeeds as more sustainable alternatives
(Tacon et al., 2010). To be a viable option, however, these
alternative feeds need to measure up to traditional fish-
based feeds in terms of zootechnical performance and
environmental footprint of feed production and farming
activity. Purely plant-based feeds suppress feeding
stimulus because of antinutritional factors, a lack of
chemoattractants and a poorer match between the amino
acid profile of the feeds and the nutritional requirements
of shrimp (Figure 1). Such feeds can severely impair
shrimp growth and therefore curb production. Fortunately,
the supplementation of plant-based shrimp feeds with
krill meal has shown promising results by circumventing
the nutritional deficiencies of a plant-based diet, whilst
increasing shrimp growth and survival (Nunes et al.,2019;
Suresh et al., 2011).
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Figure 1. Essential amino acid profile (as g/100g-diet) of plant-
based diets that do not contain fish meal or other animal-based
protfein sources (green line) with 3% fish meal (blue line), or with
no fish meal and krill meal supplementation (orange line; krill meal
inclusion at 110g/kg). Krill meal supplementation in no fish meal
diets results in an equally high feed nuftritional profile. Source:
Moreno-Arias et al. (2018) for plant-based dief profile, and Nunes
et al. (2011) for the fish meal and krill meal diet profiles.
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Antarctic krill fisheries

Krill meal is produced from Antarctic krill (Euphausia
superba) found in the Southern Ocean around the frozen
confinent. Krill survive their first winter living in the water
column on the underside of sea ice where they feed on the
available microscopic algae. Adult krill are shrimp-like
in appearance, but, in contrast to their bottom-dwelling
crustacean relatives, krill inhabit the open ocean. Here,
krill aggregate in swarms of up fo 20km in length where
they feed on microscopic algae during the day and migrate
to greater depths during the night to evade predators.
Krill appear fransparent with some red and green
colouration. The red colour is caused by the carotenoid
pigment astaxanthin embedded in chromatophores. The
crustacean can change the size and infensity of the red
spots to balance the need of UV protection closer to the
ocean surface with higher transparency for camouflage
(Auerswald ef al., 2008). The green colour is observed in
their digestive system and underscores their reliance on
an algal diet. In fact, krill can consume up to 20% of their
own body weight per day but can also survive for up fo 200
days without food. During the Antarctic summers, when
photosynthetic algae bloom, the sheer abundance of krill
makes it one of the largest protein sources on Earth - a
source eagerly sought by fish, whales, and humans alike.

Antarctic krill is exclusively caught in area 48 off the
Antarctic peninsula and limited to 1% of the total est