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New research developments in
aquatic animal larval feeding and
nutrition—recent literature
Abstract excerpts compiled by Meredith Brooks, Hatcheryfeed
marine-based diet when later challenged
with the second vegetable-based diet.
The data highlighted that positive effects
were likely due to nutritional programming, and that this feeding technique can
improve the use of plant material
ingredients in feeds for Atlantic salmon.
Clarkson, M., Migaud, H., Metochis, C., Vera,
L., Leeming, D., Tocher, D., & Taylor, J. (2017).
Early nutritional intervention can improve
utilisation of vegetable-based diets in diploid
and triploid Atlantic salmon (Salmo salar L.).
British Journal of Nutrition, 118(1), 17-29.
doi:10.1017/S0007114517001842

Feeding n-3 HUFA rich diets to the
larvae of the pink shrimp Farfantepenaeus paulensis increases stress
tolerance and subsequent growth

Newly hatched Salmo salar

Early nutritional intervention can
improve utilisation of vegetable-based
diets in diploid and triploid Atlantic
salmon (Salmo salar L.)
This study explored using nutritional
programming in Atlantic salmon during
their early life stage to improve
utilization of vegetable-based diets. Fry
were fed either a marine-based diet or a
vegetable-based diet for the first three

weeks; all fish were then fed the same
commercial, marine-based diet for 15
weeks, and thereafter fed a second
vegetable-based diet for an additional six
weeks. Growth performance, feed intake,
nutrient utilization and intestinal
morphology were monitored, and results
showed that fish initially given the
vegetable-based diet had 24% higher
growth rate and 23% better feed
efficiency compared with fish fed the

This study investigated the subsequent
growth performance of shrimp that were
fed enriched Artemia during their larval
phase. From mysis I to eight day-old
postlarvae (PL8), Farfantepenaeus
paulensis shrimp were fed either newly
hatched Artemia nauplii or Artemia
enriched with high levels of n-3 HUFA.
Shrimp were exposed to salinity and total
ammonia (TAN) stress tests at PL8, and
those fed the enriched Artemia demon-
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strated higher tolerance. In addition,
they gained more weight and had higher
levels of n-3 HUFA. At the end of a 40day nursery period, no differences in
survival were observed, but the shrimp
fed the enriched Artemia had a higher
weight (1.08 g) when compared with
shrimp fed newly hatched Artemia (0.90
g). These results indicate that supplementation of n-3 HUFA during the larval
stages increases salinity and ammonia
tolerance, and also positively affects
growth performance of F. paulensis.
W Mutti, Diana & Ballester, Eduardo & C
Martino, Ricardo & Wasielesky, Wilson &
Cavalli, Ronaldo. (2017). Feeding n-3 HUFA
enriched Artemia to the larvae of the pink
shrimp Farfantepenaeus paulensis increases
stress tolerance and subsequent growth. Latin
American Journal of Aquatic Research. 45. 1824. 10.3856/vol45-issue1-fulltext-2.

Ballan wrasse Labrus bergylta

Effect of cultivated copepods (Acartia
tonsa) in first-feeding of Atlantic cod
(Gadus morhua) and ballan wrasse
(Labrus bergylta) larvae
The purpose of this study was to
compare the nutritional composition and
effects of different feeding regimes on
Atlantic cod (Gadus morhua) and ballan
wrasse (Labrus bergylta) larvae. In the
study, groups of fish were fed four
different feeding regimes during the first
feeding stage. One group was fed rotifers
(RotChl), another was fed Acartia tonsa
nauplii (copepod), and another was fed
enriched rotifers (RotMG). The fourth
group was fed copepods for seven days
and then enriched rotifers for the
remainder of the experiment. Results
showed that feeding fish larvae copepod
nauplii, even for only short periods of
time, resulted in positive long-term
effects on growth and viability of fish

larvae. At the conclusion of the study,
the fish larvae fed copepods showed
higher survival and better growth than
larvae fed rotifers, highlighting the
significance of nutrition during the early
larval stage.
Øie, G., Galloway, T., Sørøy, M., Holmvaag
Hansen, M., Norheim, I.A., Halseth, C.K., Almli,
M., Berg, M., Gagnat, M.R., Wold, P.-A.,
Attramadal, K., Hagemann, A., Evjemo, J.O.
and Kjørsvik, E. (2017), Effect of cultivated
copepods (Acartia tonsa) in first-feeding of
Atlantic cod (Gadus morhua) and ballan
wrasse (Labrus bergylta) larvae. Aquacult
Nutr, 23: 3–17. doi:10.1111/anu.12352

The importance of dietary HUFA for
meagre larvae (Argyrosomus regius;
Asso, 1801) and its relation with
antioxidant vitamins E and C
This study investigated the importance of
HUFA and antioxidant vitamins E and C
on larval development of meagre
(Argyrosomus regius). Six diets were
prepared with two different levels of
HUFA (0.4% and 3% dw), two levels of
vitamin E (1500 and 3000 mg kg−1) and
two levels of vitamin C (1800 and 3600
mg kg−1), and fed to meagre starting at
15 days after hatch. Growth in length and
body weight was significantly lower in
larvae fed the diet containing the lowest
amounts of each additive when
compared with larvae fed all other diets.
Furthermore, an increase in dietary HUFA
up to 3% significantly improved larval
growth and lipid absorption and
deposition; among fish fed 3% HUFA, an
increase in vitamins E and C also
significantly improved body weight and
total lipids. The results demonstrate that
0.4% HUFA is not substantial for the
nutrient requirements of meagre, and
that weaning diets for this species will
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likely need to have high levels of HUFA.
In addition, the study demonstrated the
importance of vitamins E and C to
protect essential fatty acids and promote
larval growth.
El Kertaoui, N., Hernández-Cruz, C. M.,
Montero, D., Caballero, M. J., Saleh, R.,
Afonso, J. M. and Izquierdo, M. (2017), The
importance of dietary HUFA for meagre larvae
(Argyrosomus regius; Asso, 1801) and its
relation with antioxidant vitamins E and C.
Aquac Res, 48: 419–433. doi:10.1111/
are.12890

n-3 Long-chain polyunsaturated fatty
acids improve the sperm, egg, and
offspring quality of Siberian sturgeon
(Acipenser baerii)
This study investigated the affects of n-3
long-chain polyunsaturated fatty acids on
Siberian sturgeon (Acipenser baerii)
broodstock and their offspring. Two diets
with the same DHA:EPA ratio (1.8:1) and
different n-3 long-chain polyunsaturated
fatty acid (n-3 LC-PUFA) contents [29.5 g/
kg (DH) and 17.9 g/kg (DL)] were
designed and fed to two groups of
broodstock for eleven months. During
cross-breeding, researchers monitored
sperm and egg quality along with
reproductive performance, and offspring
resulting from cross-breeding were

separated into four groups for a 30-day
feeding trial. The results found that eggs
from the group fed with a DH diet were
substantially larger than those from the
DL group. There were no significant
differences in sperm quality between the
two dietary groups; however a high n-3
LC-PUFA diet increased sperm velocities
in the DH group. When compared with
the DL group, the DH group had
significantly lower levels of serum
triglyceride, low-density lipoprotein
cholesterol, and malonaldehyde, but a
higher total antioxidant capacity and
higher level of superoxide dismutase. The
results from this study suggest that n-3
LC-PUFA can improve the reproductive
performance of Siberian sturgeon
broodstock and the quality of their
offspring, but that enrichment of the diet
is more important for female broodstock
than for males.
Luo, Lin & Ai, Lichuan & Liang, Xiaofang & Hu,
Hongxia & Xue, Min & Wu, Xiufeng. (2017). n3 Long-chain polyunsaturated fatty acids
improve the sperm, egg, and offspring quality
of Siberian sturgeon (Acipenser baerii).
Aquaculture. 473. 10.1016/
j.aquaculture.2017.02.021.
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2017 News Review
Hatcheries benefit from $9.3 million Sea Grant award in support
of aquaculture
within three years of the project start
date.
[See video for more information about
the type of work that will be included in
this project]
USA—NOAA Sea Grant awarded $9.3
million in grants for 32 projects to
advance the development of a sustainable marine and coastal aquaculture
industry in the U.S. , a significant amount
of which targets the hatchery stage.
All projects include public-private
partnerships and will be led by university
-based Sea Grant programs. With each
project, every two federal dollars of
funding is matched by non-federal funds,
bringing the total investment in these
research projects to $13.9 million.
Projects include:
Expanding Marine Aquaculture in the
U.S.: Technology for Commercial Scale
Hatchery and Nursery Production of
High Value Marine Fish Seedstock
(Florida Sea Grant, University of Miami $967,042).
This project will advance hatchery and
nursery technology for captive spawning
and production of a high-value reef fish
complex involving red snapper, Nassau
grouper, and hogfish. The project team
aims at being in commercial production
of at least one of these three economically and ecologically important species

Large-scale culture methods for Blue
Mussel, Mytilus edulis, seed production
in Maine and the Northeast: Experimental Laboratory & Field Trials (Maine
Sea Grant, Downeast Institute for
Applied Marine Research - Partners:
Aquaculture Development Services, Inc.,
Aqualine LLC, Blue Hill Bay Mussels,
Calendar Island Mussel Company,
Moosabec Mussel Inc. - $249,238)

This project seeks to examine methods to
expand production of cultured blue
mussels in Maine and the Northeast U.S.
by addressing seed production, the
primary factor limiting U.S. aquaculture
production: Specifically, the investigators
will focus on methods to improve
hatchery production of blue mussel
juveniles (spat) that will enable production of reliable seed to growers who,
until now, rely on the vagaries of
capturing wild seed that is known to be
highly variable both spatially and
temporally.

Commercializing intensive copepod
culture: A transformational foundation
essential for increasing domestic
production of high-value marine finfish
(Mississippi-Alabama Sea Grant, The
University of Southern Mississippi Partners: Virginia Tech, University of
Florida, Reed Mariculture, Inc. $994,955)

Scientists will optimize production
systems and culture parameters to
facilitate and implement copepod mass
production at the producer level. To do
this, scientists will integrate knowledge
of copepod life history parameters and
responses to environmental variables to
produce stable production models;
optimize copepod diets/nutrition and the
use of both live algae and commerciallyavailable algal concentrates to support
enhanced survival and reproduction;
optimize the microbial environment of
culture systems to facilitate optimal
production; develop directed breeding to
establish selected domesticated lines
that thrive in the culture environments;
conduct rearing trials to demonstrate the
feasibility of the production protocols/
models; perform economic analyses to
demonstrate the economic viability of
copepod culture; and conduct outreach
to disseminate project results to
stakeholders.
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Improved delivery of water-soluble
nutrients to marine fish larvae to
promote expansion of US commercial
aquaculture (Oregon Sea Grant, Oregon
State University - Partners: Hubbs
SeaWorld Research Institute, Texas Parks
and Wildlife Department, Reed Mariculture Inc - $628,629)

Investigators will build on promising
preliminary research results. Specifically,
research goals of this project include
testing the effectiveness of liposomeenrichment of live prey for several
marine fish species of potential high
commercial value and developing largescale methods of production and an
economic model to support commercialization of liposome technology so that it
can be potentially implemented within
the 2-4 year time frame requested by
this funding opportunity.

Enhancing Commercial Sustainability in
the Hatchery Production of Eastern
Oysters and Clams (Virginia Sea Grant,
Virginia Institute of Marine Science Partners: Cherrystone Aquafarms; Oyster
Seed Holdings, Ward Oyster Company, JC
Walker Brothers, KCB Oyster Holdings,
Auburn University, University of
Maryland Center for Environmental
Science, Horn Point Laboratory $998,942)

The objective of this work will be to
identify technical or biological strategies
that can be rapidly implemented by
industry to support healthy hatchery
microbiomes and optimize larval growth
and survival. In collaboration with
commercial entities, the project team
will analyze microbiomes, carbonate

chemistry, and harmful algal blooms
(HABs) to determine effects of routine
hatchery water clean-up methods on
several components of the growing
system. Outreach activities will include
workshops on water quality and
microbiome management for the Virginia
aquaculture community, hatchery
forums to be conducted in association
with national conferences, and distribution of protocols to the pathology
community for detection of pathogenic
bacteria in hatchery systems, that would
empower pathology laboratories to
better serve industry in this key area.

Geoduck spawning, nursery techniques,
seed security and technology transfer
for Alaska (Alaska Sea Grant—$149,974)

This project will provide Alaska geoduck
farmers with Native Alaska geoduck seed
to provide farmers with access to seed to
grow and expand their farms. Broodstock
for the hatcheries will be provided by
Alaskan divers. The spawning and
nursery project will take place on land
based facilities that will not impact the
environment. The seed produced will be
planted by farm sites that have already
been approved by the State of Alaska.

Information Transfer about shellfish
hatchery operations: an extension
project targeting small family-based
hatchery farms in Florida (Florida Sea
Grant, $22,639)

This proposal is an extension project for
training and information transfer. The
goal is to establish an extension program
to transfer knowledge about the shellfish

hatchery operation and managements to
local shellfish hatchery farmers for better
practice to increase seed production.
Establishing Shellfish Hatchery Biosecurity Certification Standards to Facilitate
Interstate Transport of Shellfish Seed
(New Jersey Sea Grant, $149,219)

This project seeks to fulfill five objectives,
including 1) host a three-day workshop
that convenes the existing Hatchery
Certification Working Group established
with prior Sea Grant funding to visit
operational shellfish hatcheries of
varying size and design to enable the
group to overcome its own internal
impediments and reach consensus on an
initial shellfish hatchery certification
protocol; 2) finalize a set of guidelines
that are adaptable to varying situations
geographically or temporally and
responsive to varying levels of acceptable
risk; 3) initiate certification of one or
more hatcheries; and 5) refine and
disseminate progress and results.

Genetic, physiologic, and culture
characterization of new Mercenaria
mercenaria breeding stocks
(Virginia Sea Grant, $149,650)
The Eastern Shore of Virginia, with farm
sales estimated at $32.3 million dollars in
2015, is leading the nation in clam
production. The present success of the
industry is reaching a saturation point in
Virginia as suitable habitat is constrained
by environmental conditions in which
cultured broodstock can be raised. This
work would establish new broodstock
lines from wild populations living at the
extremes of the natural range of M.
mercenaria.
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Water chemistry answer to low survival from hatchery sockeye
USA—Idaho Fish and Game’s sockeye
recovery program has overcome many
challenges in preserving the species, and
scientists are continuing to learn and
improve as they transition from staving
off extinction to growing Idaho’s sockeye
population.
Fish and Game’s Assistant Fisheries Chief
Paul Kline said F&G biologists think
they’ve answered a nagging question
about its relatively new sockeye hatchery
in Springfield. The hatchery succeeded in
raising lots of young sockeye, but the fish
have survived poorly after being released
to migrate to the Pacific.
Biologists found differences in water
hardness between Springfield Hatchery
in Southeast Idaho where the fish are

raised from eggs and Redfish
Lake Creek near Stanley where
they’re released. Differences in
water chemistry between the
two waters may be adding stress
to fish that are already stressed
from smoltification - a period
when they migrate downstream
and their bodies transition from
freshwater to saltwater.
Biologists are investigating higher-than-expected mortality that
started in 2015, the first year Springfield
Hatchery’s sockeye were released for
migration. That year, about 37 percent of
the young sockeye survived the trip between Lower Granite Dam about 30
miles downstream from Lewiston and
Bonneville Dam on the Columbia River,

which is the last dam the fish cross enroute to the Pacific.

But the spring of 2015 was a low water
year for migrating young salmon, which
need high flows to flush them to the
ocean. Upper Columbia River sockeye,
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Idaho’s closest geographic cousins, also
had poor survival.
However, river conditions and survival of
Upper Columbia River sockeye improved
in 2016, but survival of Idaho’s sockeye
dropped, signaling Idaho’s fish were facing other challenges.
Biologists explored potential causes and
improved or eliminated some possibilities, such as additional stress associated
with high levels of dissolved gas, and
stress from loading fish on trucks and
transporting smolts from the hatchery to
the release site.
Unlike other salmon species that Fish and
Game has decades of experience raising
in hatcheries, sockeye production is relatively new. Sockeye hatcheries are common in Alaska and Canada, and over 20
years ago, Idaho biologists followed guidance from these programs to establish

rearing and fish-health protocols for the
Eagle Hatchery Sockeye Salmon Captive
Broodstock Program. That program likely
saved Idaho's sockeye from extinction.
The same protocols are also being followed at the Springfield Hatchery. Kline
pointed out most of Alaska and British
Columbia hatcheries are in the same river systems where the fish are released,
not raised off site with a different water
source like at the Springfield Hatchery.
The water at Springfield comes from
wells with a hardness of about 200 milligrams per liter of calcium carbonate,
compared with Redfish Lake Creek at less
than 20 milligrams per liter. Kline described Redfish Lake Creek as “almost
like distilled water” Whereas, Springfield’s water is typical for Southeastern
Idaho.
Kline pointed out water hardness is not

an issue for raising sockeye from eggs,
and the young fish do well in the Springfield Hatchery. There is little to nothing in
the scientific literature regarding water
hardness in relation to rearing sockeye in
hatcheries, however big changes in water
chemistry can spell trouble for any species of fish.

“We’re treading on fresh ground here,”
he said.
Biologists theorized that when young
salmon enter the smolt phase of their life
and transition from freshwater to saltwater, the additional stress of going from
hard water to soft water may contribute
to higher-than-expected mortality.
Biologists at Idaho Fish and Game’s Eagle
Fish Health Laboratory experimented
with a few young sockeye, testing their
response after being trucked and transferred to tanks filled with hard water
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from Springfield, soft water from Redfish
Lake Creek or Salmon River water with
hardness roughly between those two.

A smoking gun?
They found young sockeye transferred
from Springfield well water to Redfish
Lake Creek water had elevated cortisol
levels, which is an indicator of stress, and
those levels increased over time. Whereas fish that were transferred to water
taken from Springfield’s well, or the
Salmon River, quickly began to recover
from the stress of the road trip.
Biologists are developing several strategies to test their theory and ease young
sockeye's transition from hard water
to soft water. This fall, some fish were
released directly into Redfish Lake as presmolts, and they will spend the winter in
the lake before naturally migrating
downstream through Redfish Lake Creek
and into the Salmon River.
Others will be raised at the Sawtooth
Hatchery in raceways that would normally be used for young Chinook salmon, but
a low 2017 Chinook return means
there’s temporary space available.
The remaining fish will continue to be
raised at the Springfield hatchery, and
biologists are continuing to refine protocols to help 2018 releases go more
smoothly, including gradual water
softening during trucking, mixing water in
trucks before fish are released, and acclimating fish for a few days in Sawtooth
Hatchery’s moderately hard water before
release. Kline said if water hardness is
the problem, the test groups should provide some answers without further endangering the entire group of young fish.
“We’re getting closer to long-term solu-

tions, but in the mean time, we are
spreading our risk,” he said.
Biologists want to solve the problem, but
it’s a constant challenge considering
there are many other variables beyond
their control, including weather, river
and ocean conditions. Young sockeye
only migrate downstream once per year,
and it takes another year to see how
many return as adults.
“We want to be sure we’re checking off
probable causes accurately,” Kline said.
“Between 2018 and 2019, we’re going to
learn a lot.”

Another bump in a long road
It can be a frustrating setback for Fish
and Game biologists who’ve devoted
their careers to saving sockeye from the
brink of extinction, and then boosting
annual adult returns from single digits, to
dozens, and now to hundreds. Kline said
the goal is to increase that to thousands
of adult sockeye in the future.
He also tries to keep the current smolt
survival in perspective. He remembers
when Idaho sockeye were listed in 1991
under the federal Endangered Species
Act, only four adults returned to the Sawtooth Basin. The total annual returns to
Idaho between 1991 and 1999 were 23
sockeye, which included two years when
none returned.
By comparison, 157 adult sockeye returned to the Sawtooth Basin in 2017,
which was a down year. The 10-year average from 2008 through 2017 is 690
sockeye annually, which you can read
about in this September sockeye article
explaining the 2017 return.
Biologists expect more sockeye will re-

turn to Idaho each year if they can raise
and release more young fish and improve
their survival through the Salmon, Snake
and Columbia rivers to the Pacific. If
Springfield’s water hardness situation
proves to be the culprit, Kline sees solving it as a hurdle, not a wall.
“It’s not a disaster, it’s part of what you
experience when you open a new hatchery,” he said. “It’s disappointing, but
we’re not going to let it get us down.”

First hatchery for trū
Shrimp
USA—The trū® Shrimp Company is to
build its first hatchery in Luverne,
Minnesota, sharing the campus with
the planned shrimp production facility, Luverne Bay Harbor.
“From a bio-security aspect we have
been concerned about a hatchery
being close to a Harbor,” explained
Michael Ziebell,
President & CEO of trū Shrimp.
“However, in our continuing development we have had an engineering and
process breakthrough that enables
the hatchery and Harbor to share the
same campus.”
Luverne Cove Hatchery will provide
for spawning and house larviculture
tanks where small post larvae shrimp
grow until they are mature enough to
be transferred to a Harbor. The hatchery will be able to raise 2 million postlarvae annually, which is enough to
supply two fully operational Harbors
and provides future redundancy.
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New Zealand researchers breed blue cod

NEW ZEALAND—Scientists have
managed to successfully breed blue cod
for the first time, a milestone that will
support the development of a new aquaculture industry for New Zealand.
In association with Ngāi Tahu Seafood
Ltd, the Seafood Technologies team at
Plant & Food Research in Nelson are
investigating how to breed different species of native fish in captivity, building
knowledge of the conditions required for
the fish to successfully reproduce.
For the first time, they have managed to
breed and grow blue cod to fingerlings.
New Zealand can now consider potential
opportunities for this desirable table fish,
such as intensive aquaculture grow out
or supplementing local populations under pressure from fishing.
Chief Executive of Ngāi Tahu Seafood,
Joseph Thomas, says the outcomes of
this program could have real commercial
and kaitiakitanga (guardianship) benefit
for the seafood industry.
“By enhancing our understanding of blue
cod breeding we may be able to identify
ways to replenish and strengthen our
fishing stocks, which will have a positive
impact on customary, recreational and

commercial availability," stated Thomas.
"It will help us sustain the health of our
fisheries."
Around 2000 hatchlings have been
raised, most of which are now around 5
to 7cm long. Their parents were wild blue
cod from the Marlborough Sounds.
The team have been studying both the
parents and the hatchlings to determine
how they respond to stocking densities,
population structure, light, water temperature and different food sources, to
develop the best protocol for raising the
fish at Plant & Food Research’s new fish
hatchery in Nelson.
“Each fish species has different requirements to be in the best health for breed-

ing and for culturing eggs through to
small fish. We want healthy fish with the
best chance of survival if cultured in
tanks or grown in the sea,” stated Plant
& Food Research’s Science Group Leader
Seafood Production, Alistair Jerrett.
“By understanding the biology of the
parent fish, we can make sure their environment and food supply is optimized for
breeding. Any fertilized eggs and larvae
produced are carefully monitored as they
are moved through a sequence of tanks
for rearing into juvenile fish under controlled conditions."
“Having our first population of blue cod
juveniles is an exciting development and
shows proof-of-concept for raising blue
cod for aquaculture or perhaps restocking. The next step is figuring out the
best way to scale-up the hatchery to one
of commercial potential.”
The research has been conducted in association with Ngāi Tahu Seafood, an iwiowned organization that specializes in
the harvesting and processing of rock
lobster, shellfish and finfish.
Blue cod is an important species for New
Zealand, with both cultural and economic
significance. New Zealand manages populations of fish species under the Quota
Management System, which allows for

New species to revolutionize Australian oyster farming
AUSTRALIA—Dr Carmel McDougall of Griffith’s Australian Rivers Institute has plans
to revolutionize oyster farming by developing a new species of disease-resistant
oyster. The Blacklip Oyster has the potential to replace the Sydney Rock Oyster,
which is extremely susceptible to QX disease, and has a faster growth rate.
A tropical species, it will also open up Queensland’s northern coastlines to the
potential of oyster farming, which has been in a downward spiral for decades,
primarily due to disease.
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Hendrix Genetics opens Chilean aquaculture breeding center
filled with the latest technology in fish
farming, breeding and genetics. We are
convinced that with the application of
genomic selection in our breeding program, we will speed up the quality of our
eggs“, said Torrijo.

CHILE—Located in Catripulli, in the commune of Curarrehue, the center will produce eyed eggs of Atlantic salmon and
sea trout. Optimizing the competitiveness of the Chilean industry. Hendrix
Genetics invested US$ 8.2 million. The
rest was co-financed by the national Corporation for the Promotion of Production
(Corfo).
In close connection with the global aquaculture R&D team of Hendrix Genetics,
the breeding program will focus on im-

proving its salmon genetics in: health,
growth and resistance to diseases and
parasites with the application of the latest technology in genetics and genomics.
The center was opened by CEO of Hendrix Genetics, Antoon van den Berg and
the General Manager of Hendrix Genetics
Chile, Rodrigo Torrijo. Customers, national and local authorities and community
representatives were also present.
“We are very proud of this facility as it is

The specialized site has a family room,
frying units, smolt, broiler fattening,
spawning, fertilization and incubation
rooms. In addition, it has cutting-edge
technologies in the field of genetics
through the joint application of molecular, quantitative and genomic tools. The
latest in fish farming will also be included
with automatic feeders, water reuse and
treatment systems, thermal control of
water and photoperiod control. This will
allow Hendrix Genetics to offer eggs all
year round.
Building in this area was important, as
according to market data, two out of
every five salmon exported by Chile were
born in the Araucanía Region. There are
54 fish farms in the area. Salmon exports
exceed US$ 3.5 billion annually, the second largest selling product of Chile
abroad.

Hatcheries in first phase of gigantic aquaculture project
EGYPT—Fish and shrimp hatcheries will be part of what is expected to be the largest fish farm in the
Middle East. The US$100 million National Fish Farming Project will be built on a 4.4 square mile lot in
Kafr al-Sheikh. Berket Ghalioun fish farm is expected to provide 70% of Egypt’s domestic fish
consumption when completed. The hatcheries will have the capacity for 20 million fish and two
billion shrimp.
The fully integrated project will include a 120,000 t/pa marine fish feed mill, a 60,000 t/pa shrimp feed mill, processing plants,
factories to produce foam for containers and ice and R&D facilities.
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BioMar expands in Africa with broodstock feeds for tilapia and catfish
AFRICA—BioMar Group is increasing its
presence in Africa with the launch of a
complete range of high performing feeds
for tilapia and African catfish for African
markets.

Africa is a continent with huge demands
for more food, produced in a responsible
and sustainable way. “We believe that
aquaculture is one of the answers to this
demand”, said Ole Christensen, Vice
President for BioMar’s EMEA division.
“BioMar Group has ambitious targets and
initiatives for shaping an efficient and
sustainable global aquaculture in collaboration with the entire aquaculture value
chain.”
For many years, BioMar has served the
African markets from France by offering
high performing starter and grower diets
for these species. As farms become increasingly intensive, the need for a diet
targeted for broodstock has grown. To
meet this demand, BioMar France now
expands its product range to cover all
nutritional needs of these species at all
stages of their life cycle by introducing
broodstock feed type EFICO Genio 838F,
available for all tilapia and African catfish
farmers in Africa and other markets
served by BioMar’s EMEA division.
Global R&D at BioMar has, in close collaboration with their unit in Costa Rica,
carried out research on tilapia and developed high value feed types, which have
been fine-tuned by working in close collaboration with an intensive tilapia farm.
“The goal of broodstock feed EFICO Genio 838F is to increase reproduction capacity”, said Michel Autin, Technical Director of BioMar EMEA. “The vitamin mix

and levels are fine-tuned to promote an
increase in the number of females actively spawning. Our newly developed
broodstock feed has a formulation that
includes the necessary protein and vitamin balances, which contributes to increased spawning frequency, hatchability, and survival of fry.“ The EFICO Genio
838F includes the probiotic Bactocell®*
and immune modulating ingredients similar to BioMar’s EFICO Genio broodstock
feeds for trout, sea bass and sea bream
to improve survival and boost the immune system.
“These efforts have been of great value
to the development of the feeds offered
by BioMar for warm freshwater fish like
tilapia and African catfish”, said Michel
Autin. “And now we can, for the first
time, provide a broodstock diet that is
specialized for warm freshwater fish
whose natural diet is largely plant based.

Freshwater Artemia hold
promise
Columbia's National Aquaculture and
Fisheries Authority (AUNAP) has
identified two different freshwater
Artemia with potential as hatchery
feed. Freshwater Artemia was
collected in the sediment of pools
formed by the rain in the Guajira
desert and reproduced. Enrichment
of the Artemia and feeding trials with
native species such as bocachico
(Prochilodus magdalenae) and
dorada (Brycon moorei sinuensis) are
being conducted to evaluate their
technical and economic feasibility as
a replacement for expensive
imported Artemia cysts.
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Market trends in aquarium fish
keeping and ornamental fish feeds
By Meredith Brooks, Hatcheryfeed

Clownfish are the most popular marine ornamental species

Aquarium fish keeping is a longestablished hobby that has grown in
prevalence in recent years. From the
increasing affordability and access to a
variety species to the popularity of a
reality television series based on the
trade, the ornamental fish industry has
become a hot trend. This is especially
true in the United States -- the largest
importer of ornamental fish – where
many homes and businesses are
furnished with fresh and/or saltwater

aquariums filled with colorful fish,
invertebrates and plants.
In the report “The Global Trade in
Ornamental Fish,” VK Dey provides a
detailed overview of the industry, as well
as insights into trends and areas of
concern. Currently, the aquarium trade
involves over 120 countries and over
1,500 freshwater and marine species, but
it is dominated by about 30 freshwater
species including guppies, tetra fish, gold

fish, and angelfish. While many freshwater species are captive-bred, the industry
relies largely on wild collection for
marine species, as well as some
freshwater fish and invertebrates.

The global ornamental fish industry has
been given a wide range of estimated
values by various sources, but all agree it
is in in the multi-billions. Global exports
experienced steady growth between
2000 and 2011, when they peaked at
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the industry must address concerns
including sustainability along the supply
chain, traceability, destructive fishing
methods, and diseases such as Koi
Herpes Virus (KHV). New research and
technology is helping to address those
concerns and others, such as feed and
nutrition related issues.

Ornamental feeds

Neon tetra are one of the species most commonly found in freshwater aquariums

approximately US$330 million according
to the FAO. The majority of ornamental
fish originate from tropical and subtropical developing countries, where the
trade provides a good livelihood for
many rural workers. Asian countries
accounted for more than 57% of exports
in 2014, with Singapore as the largest
single exporter followed by Japan. The
largest collective market for ornamental
fish is the European Union, but the
largest single importer is the US.
Industry trends
As noted by Dey, a general trend that has
been observed across the industry over
the last decade is a shift from the more
traditional markets to new and up-andcoming markets. Particularly in the US
and Europe, keeping marine fish in reef
aquariums is becoming more affordable
and thus, more popular. Clownfish and
yellow tang are two of the most popular
marine fish found in salt-water aquariums. Clownfish are commonly captivebred, while yellow tangs are collected

from the wild and originate mostly from
the US state of Hawai’i. Recent research
efforts to alleviate fishing pressure on
wild populations resulted the successful
captive culture of yellow tangs, and
future research will aim to commercialize
the technology.
Shifts in regional production are another
trend that has been noticed during the
last decade. In addition to increased
capture and cultivation of tropical marine
ornamental fish in the Pacific Islands and
Asia, European countries are increasing
farming of freshwater ornamentals to
take advantage of their close proximity
to consumers.
According to the market report “Global
Ornamental Fish Market By Type and By
Point of Sale: Competition Forecast &
Opportunities, 2012 – 2022“ the industry
is projected to grow during the period of
2017-2022 with a CAGR of more than 8%,
in value terms. However, in order to
maximize the full potential for the global
ornamental fish market, Dey notes that

As noted in the report “Ornamental Fish
Feed Market 2017: Global Trends, Share,
Growth Analysis Opportunities and
Forecast to 2022,” approximately 80% of
fishkeeping hobbyists feed their fish
exclusively prepared foods that most
commonly are produced in flake, pellet
or tablet form. The report notes that
major players in the ornamental fish feed
market include Alltech, Coppens
International BV, Cargill, Growel
Products, Tetra, Canadian Aquatic Feed,
Ocean Star International (OSI), Land
O’Lakes, SPAROS, Tetra Aquarium, Tzong
Yang, Sera, Huey Hung, Grand Sumo
Original, Qian Hu Corporation Limited,
Hikari, and Haifeng Feeds, among others.
Learn more at the following links:

“The Global Trade in Ornamental Fish”
“Global Ornamental Fish Market By Type
and By Point of Sale: Competition
Forecast & Opportunities, 2012 – 2022“
“Ornamental Fish Feed Market 2017:
Global Trends, Share, Growth Analysis
Opportunities and Forecast to 2022”

ΩHF
Clownfish photo by Karelj (Own work) [Public
domain], via Wikimedia Commons.
Neon tetra photo By H. Krisp (Own work) [CC
BY 3.0 (http://creativecommons.org/licenses/
by/3.0)], via Wikimedia Commons.
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Nutritional requirements of
freshwater ornamental fish
The knowledge of nutritional
requirements in ornamental
fish species is limited and
sometimes this information is
extrapolated from results
obtained from nonornamental fish species. Here,
Yohana Velasco-Santamaría,
Ph.D and Wilson CorredorSantamaría, M.Sc from the
Universidad de los Llanos,
Instituto de Acuicultura (IALL),
Colombia review what is
currently known.

The production and trade of ornamental
fish is a profitable alternative in the
aquaculture sector. Freshwater and
marine species have been used successfully in the aquarium fish trade, the most
popular being: discus (Symphysodona
equifaciatus), guppy (Poecilia reticulata),
swordtail (Xiphophorus helleri), molly
(Poecilia sphenops, Poecilia latipinna)
and goldfish (Carassius auratus). Despite
the economic importance of this sector,
the nutritional information for ornamental fish is scarce and often few or even no
data of the nutritional requirements is

available. Guppy and goldfish are the
most studied freshwater fish species, and
true percula clownfish (Amphiprion
percula) is considered as reference in
nutritional studies in marine species.
In natural conditions, fish can regulate
and maintain their food intake and
therefore their nutritional requirements,
reducing the possibility of suffering
nutritional deficiencies; however, a
problem can be observed when the fish
are subject to confinement conditions.
Most of the information is not specific to

ornamental fish because it has been
based on results from farmed fish kept
under different farming conditions,
nutritional requirements, feeding habits
and type of food. Therefore, the limited
information about nutrient digestibility in
ornamental fish can lead to increases in
maintenance costs and water pollution.

Proteins and amino acids
Most animals, including fish species,
require 10 essential amino acids namely

19

arginine, histidine, isoleucine, leucine,
lysine, methionine, phenylalanine,
threonine, tryptophan and valine. The
essential amino acid requirements in
goldfish vary from 3.4% to 11.8% which
are higher than those reported in
Japanese eel (Anguilla japonica),
common carp (Cyprinus carpio), Channel
catfish (Ictalurus punctatus) and Chinook
salmon (Oncorhynchus tshawytscha,
0.5% to 6.0%).
The comparison of protein requirements
between fish species is complex since
this can vary according to the size and
life stage, diet formulation or farming
condition. In Red tailed tinfoil (Barbodes
altus), the optimal dietary protein level
has been reported to be 41.7% with
positive effect on weight gain. Despite
the increase in the protein deposition of
around 40%, this trend was not constant.
A significant decrease in the body weight
was observed with protein level around
50% due to the animal limitations to use
the protein and their reduced feed
efficiency.

juvenile goldfish the protein requirement
is lower (29%) than larvae (53%). These
authors suggest that this difference can
be explained by the faster growth in
larvae over a shorter period, and the
physiological characteristics such as the
inadequate selection of protein in larvae.
The species of Poeciliidae family
including guppy, molly, red swordtail and
platies (Xiphophorus maculatus) are the
most popular ornamental fish produced
in Singapore, Malaysia, Indonesia,
Thailand, India and China; consequently,
the broodstock nutrition is considered as
an important factor in the reproductive
performance in most fish species. In this
respect, increases in the relative
fecundity as well as fry production of X.
helleri were observed in larvae from
females fed with very high level of

protein (>30%). However, effects of the
dietary protein on fry length and weight
were not observed. These authors
concluded that 30% of dietary protein
could be used to guarantee the fry
production.
Lower protein levels (20%) produce
lower protein content in muscle and
ovary tissue in swordtail, which could be
explained by the utilization of the body
protein reserves and hence deficiency in
protein for corporal growth and oocyte
development.
Research has suggested that discus (S.
aequifasciata) has high protein requirements due to its carnivorous habits. In
this species, casein, fish meal and bovine
heart provided a high dry matter
digestibility whereas wheat meal and

The protein source is also an important
factor to be consider in the diet
formulation. Marine protein sources
were more efficient to induce the weight
gain in neon tetra (Paracheirodon innesi)
than diets based on vegetable proteins;
however, fish fed with both protein
sources diets containing 45% or 55%
crude protein showed a better growth
performance than 25% crude protein
diets. These authors confirm the need to
carry out additional studies on the
nutritional requirements of ornamental
fish species using mainly vegetable
protein sources to reduce the productive
cost.
The life stage also affects the protein
requirements level, for example in

Discus (S. aequifasciata) has high protein requirements due to its carnivorous habits.
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soybean produced the low values. On the
other hand, the high protein digestibility
has been observed in diets contained
casein but also in diets with fish meal,
soybean and bovine heart. The use of
bovine heart is a common practice in fish
farms as a main ingredient in preparation
of moist feed diets in ornamental fish.

To avoid water pollution, the ornamental
fish require an efficient utilization of the
dietary protein to minimize the ammonia
excretion. Therefore, new alternatives of
fish meal replacement have been
studied, with soybean meal being a good
option due to its high protein level and
satisfactory growth results. However,
high levels of soybean incorporation in
the diet of discus lead to reduction in the
food intake due to low palatability and
decreased digestibility, therefore longer
periods of acclimatization are recommended to avoid this problem.

Lipids and essential fatty acids
Despite the physiological importance of
fatty acids, the information on the
requirements of ornamental fish is
scarce. Marine oils and some vegetable
oils are the main source of lipids in fish
food; however, the high cost and easy
oxidation of marine oils have motivated
the use of alternative sources.
Increases in dietary lipid from 8% to 16%
with the same protein level, improved
the growth performance in swordtail.
The muscle lipid content had the same
trend as the protein level, with the
highest accumulation observed with the
highest dietary lipid. In eastern mosquitofish (Gambusia holbrooki), a clear
relationship between diet lipids and
mobilization of ovary lipids during
vitellogenesis improve the reproductive

performance. In contrast, in the lipid
content did not influence the gonadosomatic and hepatosomatic index in X.
hilleri.

Carbohydrates
It is impossible to elucidate the real
digestibility and nutrient utilization of
carbohydrates additional studies in this
area are required.

Minerals
In general the mineral supplementation
in fish is reduced since they can absorb
these minerals through the gill membranes and intestinal epithelium; which
could explain the few studies regards
mineral requirements in fish. It has been
observed in guppy, that the required
magnesium level for optimal growth is
0.54 g/kg of diet. Some clinical manifestations of phosphorus deficiency in
guppy include depressed appetite,
scoliosis and lordosis has been observed.

Vitamins
Most fish species require vitamin
supplementation which vary according to
species, fish size, food rates, environmental factors, nutrient interrelationships or health condition. Essential
vitamins in some metabolic and corporal
enzymatic reactions are commonly
supplemented in the diet.
Vitamin C is supplemented using ascorbic
acid (AA) as a source. Its deficiency in fish
can produce deformities in opercula and
jaws, lordosis, growth reduction and
hemorrhage in eyes and fins. In addition,
erosion of the skin and fins, exophthalmia, swollen abdomen and dark

coloration has been reported in mayan
cichlid (Cichlasoma urophthalmus). Oscar
(Astronotus ocelatus) without AA
supplementation showed reduced weight
gain and deformities in the cartilage
supporting the gills and the vertebral
column due to the decrease in collagen
content. Therefore, it has been concluded that 25 mg AA/kg diet is sufficient to
prevent the clinical manifestation of
vitamin C deficiency. Other research has
shown no effect on mortality, macroscopic alterations or negative effects on
growth performance in angelfish
(Pterophyllumscalare) fed with concentrations of AA between 30 to 1440 mg/kg
diet over 96 days.
In angelfish, AA levels above 360 mg/kg
diet increased the levels in the liver; in
contrast, diets with less than 120 mg
ascorbic acid/kg diet showed the lowest
AA concentration. To keep the maximum
liver storage of vitamin C, angelfish
juveniles require higher AA levels than
the requirements of vitamin C in other
ornamental fish such as Oscars
(Astronotus ocellatus) and Mexican
cichlids and farmed fish like catfish (11
mg AA/kg) and tilapia aurea (50 mg AA/
kg).
The activity of L-ascorbic acid is timedependent and oxidation labile, making
necessary to keep a fresh diet preparation. In ornamental fish food, it is
possible to find L-ascorbic-2-phosphate
which is incorporated into commercial
diets (ascorbic acid phosphate; 4). Other
sources of vitamin C which are more
stable and resistant to oxidation include
L-ascorbic-2-sulphate, ascorbic-2glycoside and ascorbate-6-palmitate.
However, the selection of the vitamin C
form depends on the diet, fish size, fish
species, husbandry and cost.
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Carotenoids and their role in color
enhancement
To increase the skin and flesh color in
captivity, fish must obtain an optimum
level of carotenoids in their diet. Fish skin
color is mainly attributed to the presence
of chromatophores that contain
pigments including melanins, pteridines,
purines and carotenoids. Since fish, like
other animals, do not biosynthesize
carotenoids de novo, it is essential to
provide them with dietary supplements
to allow the storage in tissue and
teguments.
The cost of synthetic pigments has
encouraged the research of natural
compounds such as yeast, marine
bacteria, green algae and even plants
extracts as a pigment sources. In this
respect, Chlorella vulgaris has been the
most effective to improve the skin color
intensity in ornamental fish. The great
bioavailability and the thin cellular
membrane are the variables that
contribute to the high efficiency of C.
vulgaris. However, there is still a
difference in terms of pigmentation
between natural and synthetic sources.
Supplementation with C. vulgaris showed
good skin pigmentation in goldfish but
the best pigmentation rates were
observed in fish fed with astaxanthin
diets. Four natural carotenoid sources
were evaluated in goldfish (Spirulina,
China rose petals, Marigold petals and
Lactobacillus a at 5 mg/kg) showing that
China rose petals as the most effective to
enhance skin pigmentation and improve
gonadal development. By contrast, the
use of marigold petal meal in swordtail
shows that this lutein can be used as a
pigmenting source. The supplementation
with natural or synthetic dietary
carotenoid in some fish species did not

stimulate neither the growth, feed
efficiency nor survival. Therefore, owing
to the carotenoid nutritional value is
often lower than traditional diets,
protein supplementation with this
dietary source is highly recommended.
Live food as an alternative to improve
ornamental fish production. The
efficiency in the production of fish larvae,
fry and fingerlings are related with the
accessibility to live food for feeding
purpose. Suitable quantities of live food
have contributed to the success in most
of the marine fish species; however, the
production in freshwater fish has been
limited due to the reduced availability of
live food.

because it's high nutritional properties;
however, it's high productive cost is a
disadvantage. The use of decapsulated
cysts as a substitute for Artemia
nauplii or Moina in freshwater ornamental fish has shown a better growth
performance, survival and stress
resistance as well as a low cost and
better hygienic procedure. Finally, ongrown Artemia has produced high
performance when bigger ornamental
fish are fed. The feeding of clown fish
(Amphiprion percula) fry with dry feed
showed similar survival rate to fish fed
with Artemia; however, this species
could only efficiently digested the
artificial food from 9 days post hatching.

Various types of macro- and micro-live
food used in marine and freshwater fish
species included Artemia nauplii, rotifers,
bloodworm, Tubifex, mosquito larvae, Daphnia and Moina . Rotifers are
suitable for the first feeding in fish larvae
due to their small size, slow swimming
and nutritional quality. The principal
marine and freshwater rotifers used
are Brachyonius plicatilis and
B. calcyflorus, respectively. The common
live food offered after rotifer feeding
is Artemia nauplii, a marine species used
massively in marine and freshwater fish

ΩHF

More information
This article is taken from “Nutritional requirements of freshwater ornamental fish:
a review”, by Yohana Velasco-Santamaría, Ph.D, Wilson CorredorSantamaría,M.Sc(c)., Universidad de los Llanos, Instituto de Acuicultura (IALL),
Research Group on Reproduction and Toxicology of Aquatic Organisms (GRITOX),
Villavicencio, Meta, Colombia.
Rev.MVZ Cordoba vol.16 no.2 Córdoba May/Aug. 2011
E: ymvelasco@yahoo.com
Full article and references available. DOI: https://doi.org/10.21897/rmvz.283
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Technological constraints of large
scale production units in relation
to feed and nutrition of fish
ornamentals
Unibio is a leading Danish biotechnology
company with core competences within
fermentation technologies. Unibio A/S
was founded in 2001. At Unibio our goal
is to provide the world with innovative
sustainable fermentation solutions to
overcome the most pressing challenge of
our times: how we can produce more
protein in a sustainable way without
destroying the planet.Our bioindustrial
innovations make it possible to save
energy and water while decoupling
protein production from the fluctuating
agricultural sector and stressed fishing
industries.
In cooperation with the Technical
University of Denmark (DTU) we have
developed an innovative and unique
technology – the U-Loop® fermentation
technology – that adds new, sustainable
protein production methods to the
traditional food value chain. The concept
is based on converting natural gas
(methane) into a highly concentrated
protein product, Uniprotein®, by
bacterial fermentation. Uniprotein® can
be used as a direct supplement in feed

for all animals and fish.

The Unibio team is talented, dedicated
and ready to make a difference. We are
all driven by the same purpose that is to
provide sustainable solutions to the
global food and feed problems in terms
of scarcity.
Focusing on fish ornamentals - proper
nutrition is also here critical for good fish
health as with fish in aquaculture
industrial production. Because there is

such a diversity of (tropical) ornamental
fish, the nutritional requirements vary
greatly as well. It is important to
determine the specific requirements for
each fish species being kept. Although a
basic or staple tropical fish food may
work well for some species, it may be
insufficient for others.
The lethal potential challenges of
applying one feed product to all various
ornamental fish in the same aquarium
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are well known – it can lead to decreased
welfare to some or all of the fish species,
because of different nutritional requirements. The optimal collection of
ornamental fish species in the same
aquarium from a nutritional point of view
is thus to select those species with
(nearly) the same nutritional demand.

All species require some level of protein,
lipids, carbohydrates, vitamins and
minerals. Listed below are some of the
considerations and findings:
• Protein is necessary for growth and for
repair of cells and body tissue. Proteins
must be supplied regularly to ensure
good growth and health. It is the most
expensive component in feed and may
comprise anywhere from 25 percent to
55 percent of the diet, depending on the
fish species and size. While it is an
important source of energy, excessive

protein will simply increase ammonia
production. Fish and shrimp meals are
common sources of protein in fish feeds.
• Lipids (fats and oils) are important to
fish since they provide energy and allow
the uptake of fat-soluble vitamins and
other crucial nutrients. They are available
from many sources, and extra fats can be
stored in the body. Too much fat can
affect the liver's ability to filter and clean
the blood.
• Like fats, carbohydrates provide
energy for body functions. However, only
omnivores (meat and plant eaters) and
herbivores (plant eaters) utilize carbohydrates well; carnivores (meat eaters) do
not.

• Vitamin requirements vary among fish
species, but vitamin deficiencies can
result in reduced growth, anorexia (lack
or loss of appetite), scoliosis (curved

spine) and even death. Some vitamins,
such as vitamin C, break down over time,
so feed should be kept fresh. Mineral
requirements are less known for fish but
still play an important role in maintaining
the osmotic balance between their
tissues and water environment.
• Quantity and frequency of feeding
varies depending on several factors
including size and age of fish, water
temperature and the quality of diet. In
general, more active species require
more energy replenishment and, thus,
more food. Younger fish also require
higher feeding rates (relative to body
mass) than older members of their
species. Because cyprinids (goldfish, koi,
barbs, danios) lack a true stomach, they
often benefit from more frequent
feedings. For all fish, as water temperature increases, fish metabolism increases
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- will not really have the focus and
attention of the segments in the fish feed
industry involved in large scale fish
farming - no matter what, whether this is
related to big scale feed or feed
ingredient production.

ΩHF

A plecostomus is a grazer and will not rapidly eat feed presented to it.

resulting in a greater feed requirement
(until the temperature reaches significantly above the optimum range).
• Once an optimal diet is determined,
most tropical aquarium fish can be fed as
much as they will consume in 1-3
minutes once or twice per day. If
uneaten feed remains, it should be
removed, and future feedings reduced to
prevent water quality problems.
However, the species' feeding habits
must be considered. For instance, a
plecostomus is a grazer and will not
rapidly eat feed presented to it. All rulesof-thumb must also be carefully balanced
with water quality. Even if significant fish
growth is desired, the fish will suffer less
from a restricted quantity diet than from
poor water quality.
• All fish food should be kept cool and
dry to slow the deterioration of
important nutrients and eventual
spoilage. It is better to buy smaller
quantities of food and replace it more
frequently than to buy in bulk and store
it.
So here goes the puzzle in terms of

production and commercial focus for fish
feed producing companies:
• Large scale fish feed and feed
ingredient production, product development and nutritional research mainly
focuses on fish farming, where there is
only one specific fish species in question,
and where the feed is developed,
designed and composed from a
nutritional point of view of just matching
the given requirements of that given fish
species in question
• When compared to commercial fish
farming, the volumes and the market
sizes of the feed to the overall ornamental fish market are at a much lower scale
and level - and these segments are often
niche segments
• As a concluding remark, the final fish
ornamental feed products and the
related market in terms of R&D, product
development and production in relation
to the challenges discussed above in this
article:
- will mainly be dealt with by the
companies involved in the niche part of
this fish (ornamental) feed industry

More information
Michael Jense, Cheif Commercial
Officer, Unibio A/S , Denmark.
E: mj@unibio.dk
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Feeds for
Ornamental Hatcheries

By Eric C. Henry PhD, Research Scientist, Reed Mariculture Inc.
Keeping a freshwater or marine
aquarium is an increasingly popular
hobby, and the demand for ornamental
fish and invertebrates continues to grow.
Widespread concern about destructive
fishing methods and depletion of wild
stocks of popular ornamentals is
stimulating efforts to bring many more
species into captive propagation. Captive
-bred ornamentals offer additional
advantages because they are adapted to
conditions in captivity, and they pose
significantly less risk of introducing
pathogens and other harmful organisms.
Hatcheries are therefore becoming
increasingly important in the supply
chain of ornamental species.

Several recent reviews have described
captive breeding techniques and the
many challenges still to be overcome.
One review noted that more than 90% of
freshwater ornamental species are
currently farmed, whereas most marine
ornamentals are still wild-caught. Several
factors account for this difference:
Freshwater aquarium keeping has a
much longer history; seawater chemistry
is more complex, making aquarium
maintenance more difficult; marine
ornamental species tend to be more
difficult to collect; the variety of marine
ornamental species is much greater;
marine ornamentals often have larval
stages that are challenging to keep in

culture; marine ornamentals often have
highly specialized feed requirements.
Moreover, hatcheries producing marine
ornamental species have feed requirements that can be very challenging
compared to those of hatcheries
producing food finfish or shellfish.
Ornamental species encompass a much
greater diversity of not only finfish and
shellfish, but also corals and anemones,
as well as various kinds of crustaceans,
mollusks, echinoderms, polychaetes, etc.
Such a diverse array of species naturally
requires a diversity of feed items, but
little specific information is available
about the feed requirements of most of
these species. Instead of producing only
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a single species, or at most a very few,
many ornamental hatcheries produce
several species, so typically ornamental
hatcheries must be prepared to provide a
variety of feeds, and often to experiment
with various feeds.
Feeds used in foodfish hatcheries are
often inadequate for ornamental species,
especially for marine species. This can be
because their nutritional content is
inadequate, or because the type of feed
(typically a dry pellet) is fundamentally
unsuited for animals that require live
prey (larvae of many species, seahorses)
or microparticulate feeds (plankton
feeders such as corals).

Domesticated feed sources for
domesticated ornamentals
Progress in the domestication of exotic
ornamentals can be expected to replicate
the recent advances in domestication of
aquatic food species, which has been
dramatically more rapid than the historic
progress of domestication of land plants
and animals that began thousands of
years ago.
In order for this domestication to
proceed rapidly, parallel advances are
required in domestication of the
zooplankton and phytoplankton
organisms that are essential feeds for
propagation of the more demanding
marine species. Yet one of the most
widely-used zooplankton feeds for both
ornamental and food species, the “brine
shrimp” Artemia, remains almost
exclusively sourced from resting cysts
produced by wild populations and
harvested from the margins of salt lakes.
Such a wild-sourced feed is subject to
unpredictable shortages, undefined and

Plankton available through Reed Mariculture and Reef Nutrition.

variable quality, large fluctuations in
price, and poses the risk of introducing
pathogens and environmental contaminants from collection sources near urban,
industrial and agricultural activities.

on their feed, so the proper
“enrichment” diet of high-quality
microalgae can produce rotifers with
nutritional profiles tailored to the needs
of different ornamental species.

Presently the planktonic food organisms
that are commonly cultured through
their entire life cycles are microalgae,
rotifers, and copepods. Certain species of
microalgae are known to have particularly valuable nutritional profiles, and they
have come into wide use as feeds for
both filter-feeding ornamentals and
zooplankton live prey species. They are
cultured by many hatcheries, and several
are also commercially available as more
convenient liquid concentrates.

Zooplankton species are intrinsically wellsuited to domestication. They have very
short generation times, and large
populations can be maintained in
intensive cultures under controlled
conditions, permitting selection for
desirable properties. For example, after
decades of intensive culture in aquaculture facilities, rotifer strains have
emerged that thrive at culture densities
hundreds of times greater than those
tolerated by the original isolates from
natural populations. These strains have
thus become domesticated, albeit largely
unwittingly.

Rotifers of the genus Brachionus are by
far the most commonly cultured
zooplankton for live prey. The nutritional
content of rotifers is strongly dependent

Copepods are widely considered to be
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. . . foodfish feeds are
primarily intended to provide
rapid growth, whereas

the natural and most nutritious live feed
for many marine fish species. But they
remain much less frequently used
compared to rotifers because they are
much more difficult to culture in the
quantities typically required by hatcheries. Common limitations are requirements for live algae as food, low culture
densities, cannibalism, and susceptibility
to contamination of cultures by
protozoa. Fortunately, recent studies
have shown that copepods have the
potential to be rapidly domesticated, as
demonstrated by strains in culture that
were successfully selected within a few
generations for properties such as
fecundity, body size, and resistance to
algal toxins.

hatcheries are no less concerned with
minimizing feed costs, so we may
anticipate that they will develop more
economical ways of providing these
specialty feeds. Such innovations will
benefit foodfish aquaculture as an
increasing diversity of species with more
specialized feed requirements are
brought into aquacultural production.
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ornamental feeds in addition
to good growth and survival
must also support production
of animals with a pleasing
appearance, hardiness during
shipping and handling, and

longevity in the aquarium of
the purchaser.

Ornamental hatcheries — test
beds for hatchery innovations
Live prey and other highly specialized
feeds will always be considerably more
expensive than most feeds used in
foodfish hatcheries. But foodfish feeds
are primarily intended to provide rapid
growth, whereas ornamental feeds in
addition to good growth and survival
must also support production of animals
with a pleasing appearance, hardiness
during shipping and handling, and
longevity in the aquarium of the
purchaser.
Because ornamental species command a
much higher price per organism than
food species, they justify the higher costs
of specialty feeds. Ornamental hatcheries
may be somewhat less constrained by
feed cost because the relatively small
quantities of ornamentals produced
mean that feed cost will be a relatively
smaller fraction of the total costs of
operating a hatchery. But ornamental

More information

E: techsupport@reedmariculture.com
www.reedmariculture.com
References available by request.
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A new culture method of the very
small rotifer Proales similis using
lactic acid bacteria and Bacillus
subtilis on a commercial scale
By Duy Le, Phuoc Nguyen, Kristof Dierckens, Atsushi Hagiwara, Peter Bossier

The very small rotifer Proales similis and
the bigger rotifer Brachionus rotundiformis were reported to be the smallest
rotifers used in marine fish larviculture
(Wullur et al., 2009; 2011; Hagiwara et
al., 2014). The P. similis, with a body size
of 83 ± 11 μm in length and 40 ± 6 μm in
width, has been proven to be one of the
most suitable types of live food for the
first feeding stage of the small mouth
marine fish larvae, including the sevenband grouper Epinephelus septemfasciatus, the rusty angelfish Centropyge
ferrugata, the humphead wrasse
Cheilinus undulatus and the Japanese eel
Anguilla japonica (Wullur et al., 2009;
2011; Hagiwara et al., 2014). Recently, Le
et al. (2017) reported that the rotifers P.
similis and B. rotundiformis could grow
very well in the presence of probiotic
addition. In the presence of a live
probiotic mixture, the rotifers P. similis
and B. rotundiformis showed a better
growth performance than those without
the presence of probiotic mixture or

those with the antibiotics added. In
addition, the growth performance of the
rotifer P. similis is more dependent on
proliferating bacterial community than
the rotifer B. rotundiformis. The addition
of a probiotic mixture could also help to
reduce the culture duration to 8 days in
the laboratory (Le et al., 2017).
However, there was no report yet on the
mass culture technique for commercial
use of P. similis. This is one of the
limitations for the application of P. similis
to the commercial scale condition. In the
present study, a 200-litre mass culture
model system of P. similis or B. rotundiformis, with the addition of a mixture of
5 strains of lactic acid bacteria (LAB) and
one strain of Bacillus subtilis, was tested
for an 8-day culture period.
Rotifers P. similis (Okinawa strain, Japan)
and B. rotundiformis (Bali strain,
Indonesia) were obtained from the
Laboratory of Aquaculture Biology,
Nagasaki University, Japan. Five LAB
strains were used, namely: Lactobacillus

plantarum, L. fermentum, L. brevis,
Pediococcus acidilactici and P. pentosaceus and B. subtilis. All treatments
were performed in 400 L fiberglass tanks
containing 200 L of sea water at a salinity
of 22 g L-1 and kept in darkness, with four
replicates per treatment. The experiment
ran for 8 days. The water temperature
was 28 ± 1°C. During the experiment, the
seawater was not exchanged. An air
stone was placed at the bottom center of
each tank during the experiment for the
aeration. Firstly, a culture of P. similis or
B. rotundiformis started in filtered water
(0.2 µm; Sartorius, Germany) and fed
autoclaved algae with non-manipulated
MC served as the control (control 1 and
2, respectively). Secondly, a culture of P.
similis or B. rotundiformis cultured in
filtered water (0.2 µm, Sartorius,
Germany) and fed autoclaved algae (106
cells mL-1 day-1) with the addition of a
mixture of LAB and B. subtilis (106 CFU
mL-1 final density of each species, totally
6 x 106 CFU mL¬-1) and algae paste (106
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P. similis densities (ind.mL-1)

cells mL-1 day-1) (treatment 1 and 2),
respectively.

B. rotundiformis densities (ind.mL-1)

Time (Day)

Time (Day)

Figure 1. Growth performance of P. similis (A); B. rotundiformis (B) under two different culture
conditions.

Table 1. Growth rates between day 0 and 8 of P. similis and B. rotundiformis in all treatments.

Rotifer

P. similis

B. rotundiformis

Treatments

Growth rate
between day 0 and 8 (day-1)

Control 1

0.527 ± 0.040a

Treatment 1

0.601 ± 0.025b

Control 2

0.543 ± 0.046a

Treatment 2

0.552 ± 0.050a

Control 1 & 2: The cultures started in autoclaved water and fed autoclaved algae.
Treatment 1 & 2: The cultures started in autoclaved water and fed autoclaved algae + mixture of

The population densities of P. similis with
the addition of the live mixture of
bacteria were 57% higher than those
started in autoclaved water and fed
autoclaved algae at day 8. The population densities of B. rotundiformis with the
addition of the live mixture of bacteria
were only 10% higher than those started
in autoclaved water and fed autoclaved
algae at day 8. The growth rate of P.
similis with the addition of the live
mixture of bacteria (treatment 1: 0.601
day-1) was 9 – 14% higher than other
treatments from both rotifer cultures
(Table 1). On the other hand, for B.
rotundiformis there were no significant
differences in the growth rates where the
LAB and B. subtilis mixture were or were
not added (Table 1).
The result of the growth performance
indicated that the culture of P. similis
appears to be more dependent on the
addition of LAB and B. subtilis mixture
than the culture of B. rotundiformis in
mass culture conditions. Previously, a
mass culture model was developed by
Wullur et al. (2011), however, the size of
the tank was limited to 50 L and the
culture period was 11 days. In rotifer
cultures in general and P. similis culture
in particular, the prolonged culture
period might lead to the contamination
by protozoans, resulting in the crash of
the culture (Dhert et al., 2001; Rombaut
et al., 2003). Protozoan contamination
had a greater impact to the P. similis
culture than to the B. rotundiformis
culture (data not shown). In this study,
the addition of LAB and B. subtilis would
not only enhance the production of
rotifers, but also reduce the culture
duration from 11 days to 6-8 days, thus
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reduce the impact of protozoan
contamination. In conclusion, the
addition of LAB and B. subtilis from the
beginning of the P. similis culture, at the
density of 106 CFU.mL-1.species-1.day-1
enhances the rotifer production and
allows shortening the culture period to 68 days. The beneficial effects seem to be
significant in P. similis culture at a large
scale.
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Introduction to broodstock nutrition
of cultivable catfish in India—part 2
In India, the steady growth in freshwater
aquaculture is led by the recent production
of catfish, with a share of around 10-15%
of the inland sector. Part 1 of this article
(Hatcheryfeed magazine vol 5 issue 3)
provided an overview of the effects of
nutrition on fecundity, fertilization and
embryo development of broodstock fish
and larva quality and the proteins and amino
acids requirements of broodstock.
In this second part, nutrient requirements
are further discussed along with feeding
practices.
Pabda (Butter catfish ) harvest.

By Priya Rawat, Pradyut Biswas, Alok Kumar Jena
Department of Aquaculture, College of Fisheries, Central Agricultural University (I), Tripura-799210, India

Carbohydrates
Like proteins and lipids, carbohydrates
are also a group of compounds composed of carbon, hydrogen, and oxygen;
metabolized in the fish body to produce
energy. In general, fish don’t have
specific dietary requirement, but
carbohydrates are always included in fish
diets as they are inexpensive energy
source and acts as a pellet binder. They
serve as an energy source, tissue
constituents (e.g., blood glucose, liver

glycogen, and nucleotides), and
precursors of certain metabolic intermediates needed for growth. Carbohydrates
have a sparing effect on utilization of
dietary protein in many aquaculture
species. Proper dietary balance of
carbohydrates would enable fiber to
move other nutrients in gastrointestinal
tracts for proper digestion.
Ability to use dietary carbohydrates as an
energy source differs among fish species.
Most fresh and warm-water fish,

including catfish, can use much higher
levels of dietary carbohydrates than
coldwater or marine fish. This may be
attributed to the fact that warm-water
fish have a much higher intestinal
amylase activity than coldwater species.
Most carnivorous species have limited
ability to metabolize it. The polysaccharides dextrin and starch are well used by
catfish. However, utilization of monoand disaccharides by catfish is not as
efficient. Studies indicate that catfish
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metabolize glucose in a manner similar to
mammals but at a much slower rate.
Catfish apparently lack enzyme or
endocrine systems capable for rapid
metabolism of glucose. Although, the
catfishes do not have a dietary carbohydrate requirement, the broodstock diet
should contain adequate amounts of
grain or grain by-products that are rich in
starch. Starch not only provides the least
expensive energy source but also aids in
feed manufacture. A typical broodstock
diet containing about 25% or more
soluble (digestible) carbohydrates has
been estimated for several catfishes.

Protein and energy ratio

where energy intake is inadequate, fish
derive energy first from protein at the
cost of flesh growth. Excess protein is not
only wasteful but also causes stress to
fish while excess energy is known to
induce lipogenesis. These necessitate a
balance between protein and energy in
diet formulation. In catfish, practical
feeds prepared by using commonly
available ingredients are not likely to
cause extremes in energy balance.
However, very low levels of energy in the
diet affect the utilization of protein, again
excess energy in the diet creates nutrient
imbalance and gets deposited in the
adipose tissues in the form of body fat
which is not at all desirable for marketing
fish.

Protein and lipid are the primary sources
of metabolic energy, followed by
carbohydrate. Under the conditions

Absolute energy requirements for catfish
are not known. Energy requirements
reported for catfish, which have

generally been expressed as a ratio of DE
to crude protein (DE/P), range from 7.4–
12 kcal/gram. Increasing the DE/P ratios
of catfish diets above this range may
increase fat deposition, and if the energy
value is too low, the fish will grow slowly.
Although lipids and amino acids are more
highly digestible by catfish than are
carbohydrates, the major source of
energy in commercial catfish diets is from
carbohydrates contained in grains and
grain milling by-products. However,
catfish and certain other warm-water fish
use carbohydrates more efficiently than
do coldwater fish. Catfish digest about
65% of uncooked cornstarch when fed a
diet containing 30% of corn. Cooking
increases digestibility of cornstarch to
about 78%. Carbohydrates, which are the
least expensive source of energy, are
used to spare protein for growth. Lipids,
which are the most concentrated and
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most highly digestible sources of energy
that can be used in catfish feeds, are
used sparingly because of several
negative aspects of using high levels in
catfish diets.

Table.3. Minimum dietary vitamin requirement in catfish

Vitamin

Requirement

A

450-900 IU/lb

D

110-450 IU/lb

E

25 -50 ppm

Vitamins

K

R1

Vitamins are a highly diverse group of
organic compounds requisite in trace
amounts; they are necessary for fish
growth and to fight against diseases.
They are also required for metabolism of
other nutrients in tissue components.
Many of the water-soluble vitamins also
act as co-enzymes. Fish derive required
vitamins from natural food, which
become limited in intensive fish culture
due to high stocking densities. Qualitative and quantitative vitamin requirements for catfish have been well defined
(Table 5). Catfish feeds are generally
supplemented with a vitamin premix that
contains all essential vitamins in
sufficient quantities to meet their
requirement; however, vitamin requirements are also affected by fish size,
growth rate and stage of sexual maturity,
diet formulation, disease, and environmental conditions. Catfish producers and
researchers are considering the use of
mega dose levels of certain vitamins,
particularly vitamin C, to enhance disease
resistance in catfish. Early evidence
indicated that high levels of vitamin C (10
times or more than the level needed for
normal growth) reduced mortality
caused by certain bacterial diseases that
affect catfish. Mishra and Mukhopadhyay
(1996) reported the ascorbic acid
requirement of Clarias batrachus to be
69.0 mg/kg diet. Mohammad et al.
(2000) reported that biotin deficiencies
in Clarias batrachus results in anorexia,
dark skin color and convulsion. The

Thiamin

1 ppm

Riboflavin

6 - 9 ppm

Pyridoxine

3 ppm

Pantothenic acid

10-15 ppm

Niacin

7.4 - 14 ppm

Biotin

R1

Folic acid

1.5 ppm

B12

R1

Choline

400 ppm

Inositol

NR

Ascorbic

11-60 ppm

1

R and NR refer to required and not required, respectively.

optimum biotin requirement for maximal
growth of C. batrachus is 2.49 mg/kg
diet. In Heteropneustes fossilis fingerlings
the optimum dietary biotin requirement
is 0.25 mg/ kg diet (Mohammad, 2001).
Mohamed and Ibrahim (2001) worked
out the dietary niacin requirement of
Heteropneustes fossilis and the optimum
requirement is 25 mg/kg diet.

Minerals
Catfish apparently require minerals for
osmotic balance of various metabolic
processes and for structural functions.
Some minerals such as calcium are
directly obtained by fish through gill and
skin or both, while others are made
available from natural food and ingested
detritus. Minerals may be classified as
macro-minerals or micro-minerals,

depending on the amount required in the
diet. Fourteen minerals are considered
essential for catfish. Although mineral
studies with fish are difficult to conduct;
deficiency signs and quantitative
requirements for macro- and microminerals have been determined for
catfish (Table 6). Minerals like calcium
and phosphorous are essential as they
are related in metabolism and bone
formation in fish. Calcium plays a major
role in blood clotting, muscle function
and proper nerve impulse transmission
while, phosphorous is involved in energy
transformation, permeability of cellular
membrane, reproduction and growth.
Phosphorus is particularly vital in catfish
feeds because of the relatively high
physiological requisite, the relatively low
level of dissolved phosphorus available in
natural water. Therefore, catfish feeds
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Table.4. Minimum dietary mineral requirement in catfish

plant attractant is Ekangi, and it can be
incorporated up to 1% level in their feed
(Paul et al., 2012). It also reported that
the supplementation of dietary Lcarnitine (range from a few hundred to
over 4000 mg/kg) in diet ensuring better
growth, utilization of high fat level in fish
feed through protein sparing effect.
Incorporation in small amounts of feed
additive in aqua feed helps in aquaculture production.

Mineral

Requirement

Ca

None

P

0.3-0.4%

Mg

0.02- 0.04%

Na

ND

K

0.26%

Cl

ND

S

ND

Co

ND

I

ND

Feeding practices

Zn

20 ppm

Se

0.25 ppm

Mn

2.4 ppm

Fe

20 ppm

Cu

4.8 ppm

In ponds, feed is normally dispensed
from all sides to provide feeding
opportunity to all fish. Feeding should be
done twice daily. Acceptability and
utilization of feed by catfish in pond is
greatly influenced by level of dissolved
oxygen and water temperature. With low
dissolved oxygen in water, feeding
activity of catfish reduces. The feeds,
hence, need to have a high degree of
water stability. Either extruded or
pelleted feed is ideal for feeding fish to
minimize nutrient leaching and wastage,
unlike dust or dough feed, which needs
to be discouraged.

1

ND = not determined

are generally supplemented with
phosphorus. Dicalcium and defluorinated
phosphates are usually used as phosphorus supplements in catfish feeds.
Minimum requirement for available
phosphorus in diets for catfish is
approximately 0.45%. In view of this,
vitamins and minerals are, therefore,
provided as premix in balanced artificial
brood stock diets, which should not
exceed inclusion level of 2% for each in
catfish broodstock diets.

Feed additives
The common additives such as cholesterol, antioxidants, pellet binder,
immunostimulants, pigments etc., are
used in small quantities in feed industries
in India to improve the dietary quality
and for better growth performance.
Pellet binders are added to catfish feeds

to improve the quality of steamed
pellets. These products increase the
durability of pellets and improve their
stability in water.
Antioxidants are compounds that delay
the oxidative rancidity of certain
nutrients viz. polyunsaturated lipids and
fat-soluble vitamins A and D. Prevention
of rancidity formation can be accomplished by including synthetic antioxidants in catfish feeds. The synthetic
antioxidants used in animal feeds are
BHA (butylated hydroxianisole), BHT
(butylated hydroxytoluene), and
ethoxyquin (FDA-permissible levels for
BHA and BHT are 0.02% of dietary fat
content; for ethoxyquin, 150 ppm).
Usually, the antioxidants are incorporated in the supplemental fat or oil that
is sprayed on catfish feeds.
For Catfish Ompok pabda, the preferred

The type of feed to be used during
rearing should be specific for the feeding
behavior of the catfish. Water stable feed
is usually preferred by the farmers for
catfish. Floating, sinking and slow sinking
feeds are mostly used for catfish during
broodstock rearing. The size of pellets
usually varies in accordance with the age
of fish. Floating as well as sinking feed is
used in India for Pangasius and Clarias
during their rearing. It is always better to
provide sinking feed to Clarias as it is a
bottom feeder. Similarly Butter catfish,
Ompok bimaculatus accepts both floating
feed as well as sinking diet during
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broodstock rearing.
Usually the feed is offered to catfish on a body weight basis
during broodstock rearing. So sampling at regular intervals is
necessary to ensure the health and gonadal state of the fish.
Provision of feed @ 2-3% of body weight is sufficient for brood
fish for their growth. The ration size in the catfish is influenced
by water temperature and catfishes accept feed less efficiently
during winter. So the usual ration size should be wisely
monitored depending on the condition to reduce the feed cost.
The feeding rate is higher in catfish during late hours of the day
compared to morning hours.

Conclusion
The present state of information on broodstock nutrition of
catfish contains many gaps as our knowledge on the specific
nutrient requirements of broodstock remains limited. Male
reproducer nutrient requirements for optimal spermatophore
development and high sperm quality should receive special
attention, as most publications focus on females only. Finally, it
must be remembered that broodstock maturation takes place
over extended periods and the fish must be cultivated under
optimum conditions with minimum stress throughout the
rearing period. Thus there is a need for good husbandry
practices like low stocking densities, good water quality, and
appropriately formulated diets that are species specific. Once
our knowledge of the nutritional requirements and endocrinology of catfish broodstock has improved, it will be possible to
formulate artificial diets in such a way that a high, consistent
and prolonged reproductive performance will be ensured. The
challenge will be to do it in a cost effective manner at commercial scale.
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