SUCCESSFUL FEEDING 1S DEPENDENT ON LARVAE LOCATING APPROPRIATE FOOD {TEMS, INGESTING THE (TEMS
AND ASSIMILATING NUTRIENTS FROM THE FOOD SOURCE. THIS PROCESS IS COMPLICATED BY A NUMBER OF
FACTORS WHICH ARE DISCUSSED IN THIS ARFTICLE.
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Introduction

any of the marine species that are currently being pro-

duced on a commercial bosis ore members of the

group of fishes known as pelogic spawners. The
reproductive strategy employed by these fishes involves the pro-
duction of large numbers of small, buoyant eggs which, after
being released into the water and fertilized, drift freely in sur-
face currents with no further parental attention. Newly hotched
larvae typically carry an elliptical yolk sac containing an oil
globule. Although, the yolk and oil globule function as nutrient
stores for further development of the newly haiched larvae,
these stores tend te be small and influenced by a variety of fac-
tors. Upon initiation of feeding the larvae often have minimal
nurient reserves and a small mouth gape which [Imiis the type
of prey that they can consume. As a result, larvae do not do
well on foods of sub-optimal nuiritional value.

Successful feeding is dependent on larvae locating appro-
priate food items, ingesting the items and assimilating nuirients
from the food source. This process is complicated by a number
of facters which include: 1) limited and variable energy
reserves giving a relatively small window of opportunity prior to
starvation, 2] small size of the larvae reducing the effective dis-
tance the larvae can travel, as well as the size of the particle
that can be consumed, 3} extremely fast growth rates and min-
imal nutritional reserves, and 4] undeveloped digestive system,
which may not digest and assimilate some food sources as effi-
ciently as atfully developed fish.

In addition to nutritional requirements, the tolerance of vari-
ous environmental and culture conditions varies from species to
species. To focilitate a brooder understanding of nutritional
challenges of larval culture, this paper will review general nutri-
tional concepts with regard to the production of marine fish lar-
vae.
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Broodstock management

In the wild, fish respond to environmental ques that rigger
the onset of maturation and spawning. This is generally a slow
process that allows both tissue reserves and extrinsic food
sources to be incorporated into gonadc! fissue. After suitable
stimulation final cocyte maturation, ovulation and spawning will
occur. In an aquaculture situation, broodstock are often held in
unnatural conditions and spawning is often induced or manip-
ulated in some way. Quite ofien the food source {prepared
feeds), timing and duration of spawning (hormene induced or
temperature/photo-pericd manipulation) is artificially manipu-
lated. For many species these manipulafions have a direct
impoct on egg and larval quality.

Although, there are o number of factors influencing egg
quality (husbandry condition, genetic make up, stage of cocyte
development) we often overlock the foct that the nutritional
reserves of the egg and early larval stages originate from the
female. Hence, if oocyte growth and release are altered ade-
quate nuirient reserves may not be transferred to the egg and
larvae. It has been well established that broodstock nukrition, as
well as the timing of cocyte release, will influence the nutrifion-
al reserves of the egg and larvae {Bromage and Roberts 1995).
With respect to the management of brood stock, one of the most
critical factors influencing egg quality is the nutritional quality of
the feed. Diets containing inappropriate balances and/or defi-
ciencies of nufrients have been shown fo negatively impact
spawning frequency as well as egg and larval quality. Althaugh
research in this area is limited, there are clear examples in the
literature and numerous examples under practical conditions of
larvat rearing problems originating from broodstock nutrition. In
species such as the red sea bream, Pagrus major, (Watanabe

{Continued on page 7|
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and Kiron, 1995) ond giltheod sea bream, Sparus aurata,
(Zohar et al., 1995) problems with egg and larval quality have
been traced back 1o low levels of polyunsaturated fatty acids
[PUFA], phospholipids, astaxanthin and caretenoids in the diet.

Lipids critical to broodstock nutrition, parficularly docosa-
hexaenocic acid {DHA) ond eicosapentaenoic acid {EPA], which
ore critical for the development of neural tissues and com-
pounds important in siress response and adaptation. Mulfiple
spawning species such as the red drum, Sciaenops ocellatus,
red sea bream and gilthead seo bream generally rely on exoge-
nous (dietory] sources of lipids to derive the lipids deposited in
the egg. It has been demonsirated that species such as the red
and gilthead sea bream respond rapidly (within 15 days) to
changes in dietary lipid composition [Higgs and Dong, 2000).
Based on work with a variety of species it is clear that essential
long chain fatty acids, vitamins C, E and astaxanthin ploy
important nufriional roles in determining egg quality. This is
why it is common to either feed fresh feeds {e.g. fish, shrimp
and squid) supplemented with vitamin and lipids or o high quak
ity prepared diets [50-55% protein, 10-15% lipids) in conjunc-
tion with fresh feads.

Broedstock nutrition will directly influence the nutritional
reserves of the egg and newly hatched larvoe. When consid-
ering the nutritional status of larvae and potential problems seen
in larval development le.g. early mortality, shock syndrome)
consideration must be given to not only the nuiritional quality of
the lorval feed but the nutritional status of the broodstock.
Although, responses are species specific this is parficularly
important for species that are reared under artificial conditions
and the spawning period is controlled or artificially extended
fe.g. through temperature photo-period manipulation).
Consequently, it is becoming more common to enhance the
quality of brood stock diets, minimize the length of time brood
stock ore spawned before they are allowed to reobsorb ond
regenerate there gametes and conduct regulor measures of egg
and larval quality. Common measures of egg quality include:
fertilization rate, egg weight, size and shape of the cil globule.
For o review on brood stock management and seed quality the
reader is referred to Bromage and Roberts [1995).

Larval feeding

To understand larval nutrition, one must have a good under-
standing of the steps in larval development, particularly with
respect to the digestive system; for review see Tanaka {1973)
and Govoni et al.{1986). Upon hatching, most marine fish are
tairly undeveloped and do not have functional eyes or digestive
systems. Using endogenous nutrients, the larvae continues to
develop to o first feeding skage. Upon initiation of feeding the
eyes are generally pigmented, the jow and mouth are function-
al. At this point the digestive system includes a fairly undiffer-
enfiated tube like alimentary canal, liver, pancreas and gall
balder. Digestion of food occurs in the midgut and hindgut
regions. As the larvae progresses toward becoming a juvenile,
the digestive system will continue to differentiate with the for-
motion of pyloric cecae and differentiation of the stomach.
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Because a number of studies attempting to rear larvae on
artificial diets have meet with limited success many authors con-
cluded that exogenous enzymes may be required for proper
digestion, It has been suggested by a variety of authors, that lar-
voe rely on exogenous enzymes from the prey to aid in diges-
fion and aclivate zymogens {inactive enzymes) released by the
larvae; thus increosing digestion and growth rates. As exempli-
fied by the comprehensive work of Lazo {1999), it was con-
cluded that red drum, Scioenops ocellatus, larvae have a high-
ly functional digestive system ot first feeding. Lazo, concluded
that growth and survival is lower in red drum lorvae fed o
microparticulate diet alone compared to those fed zooplankton
or a combination of zooplankton and microparticulate diet.
However, no dietary-induced differences in activity of pancre-
otic enzymes [trypsin, lipase and amylase] were detected
among the larvae subjected to these dietory regimes.
Additionally, Lazo reported that exogenous enzymes played o
minor role in the digestive process of the larvae. More likely the
prepared diets failed to sfimulate ingestion, provide sufficient
nutrients in a digestible form and svilable levels for proper
development,

In many instances, live or natural food sources will continue
to be the methods of choice. When provided at suitable densi-
ties for proper ingestion rates, lorvoe do not have problems
digesting live prey. However, the offered prey items must be com-
patible with the larvae’s gape width {mouth size) and swimming
speed. If the prey is too large, larvae will not be able to capture
it, conversely, if the prey is to small the energy invested in cap-
turing numerous small ilems may be greater than that cbtained
from the food. When dedling with live prey, it is also critical that
they are maintained at a suitable density as this will influence
both encounter rate and capture efficiency. If the density is too
low, the encounter rate will be infrequent and to much energy
will be expended searching for prey. If the density is too high the
larvae will ineffectively capture ond digest the prey. In both
instances, proper development of the larvoe will be inhibited,

The most common live feeds include: Artemia, rotifers and
copepods. Other less used zooplankten include cladocerans
(water flaas), copepods, ond tintinnid ciliates. Although live
foods are often good sources of nutrition, for many species of
fish larvae these traditional food sources have been found to be
inadequate to support larval development. Even in instances
where these prey items are considered sufficient the nutritional
quality of live prey items can vary considerably possibly result-
ing in increased variability in the quolity of the larvae. Because
the nutritional content of prey items, such as rotifers, is a reflec-
fion of it=s food source, the nutritiona! quality of the rotifers as
a larval food source will vary with culure conditions used 1o
rear the rotifer. The proximate composition of rotifers consists of
52-59 % protein, up to 13 % fat, and 3.1 % n-3 highly unsaty-
rated fatty acids [HUFA). However, this composition will vary
considerably depending on the food source the rofifers were
reared on {or enriched with) as well as the amount of time the
rotifer is deprived of food. It has been well established that one
of the limiting factors in larval fish feeds is the level of omega-3
or n-3 HUFA. Hence certain feeds containing HUFAs (especial-
ly DHA and EPA} can be valuable as food sources for rotifer




and/or enrichments . Although, we can manipulate, within a
certain range, the nutritional quality of live feeds, we must also
remember that they are live. Consequently, if live feeds are left
without food for an extended pericd (this may be as litle as 2-
4 brs) their nutrifional quality will decline and may not be suit-
able to support proper development of the larvae.
Consequently, when dealing with live feeds, you must ensure
that they are either collected and immediately fed or properly
stored {chilled down and/or held with feed). Additionally, one
must consider that if the prey is left in the culture system for an
extended period of fime it=s nufritional quality will change
hence either food for the prey must be

most species for which intensive larval rearing techniques have
been established the use of larval feeds as o cofeeding, and in
some cases as the primary foed source, have been demon-
strated and provide a variety of advantages over tradifional live
food systems.

Larval production systems

In general, marine larval fish production can be character-
ized as a continuum of techniques ranging from extensive 1o

{Conlinved on poge 10)

provided or the prey should be flushed
from the system on o regular basis.

For many species and production sit-
uations, the shift to prepared feeds is
critical to the continued development of
the industry. Prepared feeds currently do
not work for all species; however, there
are a number of species thot cofeeding
of prepared and live foods has been
demonstrated to enhance production.
Examples include: seabass,
Dicenirarchus ~ labrax;  gilthead
seabream, turbot, Scophthalmus max-
imus; Atlantic halibut, Hipoglossus hip-
poglossus {Rosenlund et al 1997) and
the red drum (Lazo 1999}. The primary
advantage of microparticulate feeds is
that their nutritional content can be con-
trolled and manipulated, hence, it is o
stable source of nutrients,

Because of the inherent differences
between feeding a live and formulated
diet, the rearing protocols developed
with live feeds can result in disastrous
results [Barrows and Rust, 2000). Quite
often, wher prepared feeds do not work
it is not due fo inadequacies of the feed
but inadequacies of the culture condi-
tions. Live foods have a number of
advantages, they can be fed less often,
they have less impact on woter quality
and they stay suspended in the water
column. Conversely, prepared feeds do
not stay in the water column. Quite often
changing the tonk design (conical bot-
tom vs flat bottom)] ond circulation pat-
terns {e.g. increased oeration or using
an up-welling system) are required to re-
suspend inért feeds. Additionally, water
exchange rates or biological filiration is
required to maintain adequate water
quality. If the culture protocols are not
adjusted to resuspend the food and
maintain water quality the use of pre-
pared feed will not be successful. In
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intensive systems. The most common is extensive outdoor pro-
duction in which primary production is stimulated by prefertil
izing outdoor ponds and « natural ecesystem is allowed to
develop. By contrast, although semi-intensive methods general-
y reply on naturol phytoplankton blooms similar o those devel
oped in ponds to supply the base of the food web, the volumes
are smaller and the larvae reared of higher densities. Moreover,
food sources are often collected either from the laboratory or
from outdoor productions systems, concentrated, and then
added to the larval rearing tank to enhance natural production.
Hence, this system uses techniques from both extensive and
infensive systems, This is a common system in Asia and has
been successfully applied to @ number of species.

Because food items {phyloplankion and zooplankton) are
added to the culture systems, semi-intensive systems have more
control over food density and the quality or type of live prey
items. Such system are quite comman and range from o very
basic systems where all food items are collected and concen-
trated by hand 1o completely automated systems that coltect the
zooplankton and pump it info the various larval rearing systems.
As this system is further intensified, we reach infensive produc-
tion systems in which the larvee are reared at higher densities
often times in clear water systems, in indoor controlled condi-
tions for which all food items are provided at metered levels.

Commercial production of sea bream {Sparus auratal is an
excellent example of intensive larval rearing. Rearing conditions
are wsua! under intensive conditions at a density of 100-150 lar-
vae/L, with larval rearing generally taking about 50-60 days
until metamorphoses. Rearing tanks are circular or cylinder con-
ical with a central drain and capacity ranges from 2m3 to 5
m3. Husbondry during the first 15 days of larval rearing is very
important. Water is generally fillered through a cartridge filter
and a green water technique is used (i.e. olgae is placed in the
culture system as opposed to a clear water system without
algae). The use of some olgae in the culture system has a vari-
ety of advantages but primary serve to enhance water quality
and provide food for live prey while they are in the larval tanks,
but also improves appetite, initial growth rate, survival and via-
bility of fry [Reitan et al., 1993; Oie et al., 1997). Woater flow
in the tanks range from 0.8 - 2.8 L/min {2-4 exchanges per day)
and is designed to produce a uniform larvae distribution in the
tank. At 3 days after hatching (DAH), the larvae will begin feed-
ing {mouth is open, eyes pigmented and pectoral fins present).
The first feeding prey is enriched rotifers, Brachionus plicatilis
mointained at a constant concentration in the tanks (10
rotifers/ml) As a physoclist species the conditions to provide the
swim bladder formation are very important, because the initial
inflafion through the pneumatic duct occurs only during o limit-
ed period of the'larval life. This period is short, lasts from 5 until
12 DAH depending upon water temperature. The swim bladder
first appears as a smoll reflective drop in larvae around 5 DAH,
ond it is located between vertebral column and the digestive
tract [Soares et al, 1994). Typically it develops in two stages,
the primary inflation in which the bladder became ellipsoidal
ond o highly reflective bubble and the expansion when a see-

AQUA FEED . INTERNATIONAL

FEED

ond drop appears followed by a fusion with the primary bub-
ble causing a posterior increose in size. During the first stage
the pneumatic duct is opened fo the digestive tract, and the lar-
vae need to gulp air to inflate the bladder. If this process failed,
the duct closes and a functional bladder will not form. The
absence of a functional swim bladder has been identified as a
cause of skeletal malformations such as lordosis and scoliosis
(Kitajima et al., 1981, Chatain, 1994) and increased mertality
for this and other species {Chatain and Ounais-Gouschemann,
1950,

Consequently, during the first two weeks of larval rearing it
is important to remove the oily loyer at the water surface in the
tanks, which usually results from the enrichment techniques use
for the rotifers and/or the use of micro-particulate diets. Air
gulping is indispensable for initiol bladder inflation in the lar-
vae, requiring larval access to the water surface which that film
aveid. More recently, the use of o blower associated with a
floating trap improved the inflation rate of the swim bladder
{Chatain, 1990}, Once the fish reach 17-20 DAH, Artemio naw-
plii are introduced in o cofeeding method ot a concentration of
2-5-nauplii/ ml. After 25 days larvae are only fed on Artemia
ill 30 DAH, when the weaning onio inert diets starts. The wean-
ing is always given in cofeeding with Artemio using different
size pellets. Although, current protocels for sea bream are pri-
marily based on live foods, recent work has demonstrated that
the best growth is supported by cofeeding micro-bound diets
with live foods (Kissil et al., 2000).

Summary

Culture techniques for the mass production of marine larval
fish has mode considerable strides particularly with reference to
controlled spawning ond intensive larval rearing. Although
these fields have matured considerably, we are still heavily
dependent on live and fresh foods to provide essential nutrients
to both broodstock and larvae. As our understanding of the
nutritional requirements for moturation, reproduction and larval
rearing expands it is becoming more common fo replace fresh
or live feeds with compounded diets. Although, fresh feeds {live
or frozen} have o number of advantages they are often costly,
difficuit to produce or obtain on a yeor round basis and they
are also potential sources of pathogens. As our understanding
of the nutritional requirements of species expand so does our
use of prepared feeds in both maturation and lorval rearing. It
is now common practice for a number of marine species to use
prepared feeds in both maturation and larval rearing. The co-
feeding of larvae with both live and prepared feeds can result
in not only a reduction in the need for live prey items but
increases in larval quality. It should be noted the advances we
ore seeing with regard to the use of micro-particulate larval
feeds in a synergistic advance in culiure techniques, system
design, nutrition, feed processing and a better understanding of
larval physiology. Consequently, if prepared feeds are to be
successfully integrated into @ given production system ene also
has to make corresponding changes to culture techniques.
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