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Abstract

Among other interesting aspects, this paper presents an alternative approach to larviculture and commercial-scale fingerlings production of
commercially important diadromous fish in rural ponds. This approach involves manipulating the natural succession of zooplankton components.
This approach allows fish larvae to be offered, in a first phase, on a large scale and at low cost, copepod nauplii (of the appropriate size and with
the best bromatological profile), as well as rotifers and other microorganisms (fish larvae benefit by strategically integrating into the food chain
that develops in culture ponds). This approach is effective for species with very high fertility, such as marine fish, facilitating the management of
enormous quantities of larvae and, importantly, the mass production of fingerlings.
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Introduction

Regarding spawning, fertilization, and hatching, there are
technological options that can be used with marine fish. These in-
clude coupled spawning and incubation systems for highly fecund
pelagic egg-laying species (such as the commercially valuable di-
adromous marine fish species of the Mexican coast), which allow
for automatic egg harvesting and large-scale production of feed-
ing-stage larvae [1].

Likewise, with regard to the larval stage, based on the results
achieved in other countries, such as with the Indo-Pacific snook
(Lates calcarifer), it would be advisable to test alternative proto-
cols for larval culture and rearing in mesocosms, in rustic ponds,
in which the sowing of larvae in the feeding stage (approximately
48 hours after hatching) is coupled with the succession of zoo-
plankton, which occurs naturally in ponds specially prepared for
this purpose. In these protocols applied in Australia with L. cal-
carifer, survival rates ranging from 20 to 40% are reported, under
stocking densities of 900,000 larvae/ha, with an additional advan-
tage: a faster growth in larvae is presented with respect to that
achieved in intensive systems of high control in small containers
[2,3].

Based on experiences in larval culture and fingerlings in rustic
ponds with other species [4], the natural succession of zooplank-
ton is manipulated by applying a chemical control agent that acts

selectively on aquatic arthropods, thereby achieving a greater
abundance of rotifers at the time of larval stocking, ensuring high-
er survival rates. This option has not been applied to marine fish
in Mexico to date, which represents an opportunity.

In the future, it will be useful to conduct a comparative assess-
ment of the effectiveness of production routes (intensive/exten-
sive) for larval culture, in terms of productivity and production
costs, which will allow us to determine the best production option.

Coupled Spawning and Incubation Systems

Many marine fish species have high fertility rates (eggs/kg of
weight) with small pelagic eggs, which translate into a high bio-
logical potential due to the large sizes of many of them [5]. Note-
worthy, for example, is the case of sea bass, which reach sizes
of over 26 kg in weight and can present fertility rates exceeding
one million eggs/kg of weight [6], with eggs averaging 0.7 mm. In
the wild, marine fish that spawn pelagically produce enormous
quantities of eggs and larvae to compensate for the high mortality
rates, mainly due to predation.

In the controlled production of fry or juveniles on a commer-
cial scale for fattening, this condition represents a major advan-
tage. By applying appropriate management protocols in larval
reproduction and culture, it is possible to produce enormous
quantities of larvae. Taking advantage of this attribute of highly
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fecundable fish species, advanced spawning-incubation-hatching
systems (Coupled Spawning and Incubation Systems with auto-
matic egg harvesting) were developed in China (the world’s lead-
ing aquaculture power) since the late 1970s. Designed specifically
for the spawning and mass production of pelagic egg-laying carp
larvae (grass, silver, bighead, and black carp), these systems allow
for the large-scale production of feeding-stage larvae, with poten-
tial for application to marine fish [1].

The model consists of a circular spawning pool with a 1.5 m
operating water depth, connected to circulating channel incuba-
tion devices (known as Chinese incubators) (Figure 1) by means
of a 3” diameter tube that starts from the center of the spawning
area and is inserted into the basal part of the incubation chambers
(Figure 2). The water supply to the spawning ground is through a
2” pipe that is arranged in a tangential direction in the perimeter
wall, which determines the circular movement of the water (Fig-

ure 3).

e N
Figure 1: Coupled spawning system with two circulating raceway incubators and a common harvesting pool for pelagic carp larvae in
Guangdong Province, China. Taken from: FAO [5].
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Figure 2: Schematic diagram of the coupled system with automatic passage of the egg through communicating vessels. Taken from:

Escarcega [7].
\ J

The system’s principle is that both spawning and incubation
reproduce the movement conditions in the water column that
occur in the natural habitat of the species considered during re-
production. In the case of spawning, the (circular) water current,
combined with a high concentration of dissolved oxygen, favors
the triggering of ovulation and causes the egg to quickly cluster in
the center of the spawning container (Figure 4) [7].

Both the spawning pit and the incubator(s) are maintained at
the same operating level in the water column (using the communi-
cating vessel principle), because the water supply to the spawning
pit is discharged at the incubator’s discharge level. In this way, as
the eggs are released and fertilized, they gradually and automat-
ically move to the incubation chamber, with gentle traction that
prevents any damage (Figure 2). It is worth noting that for marine
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fish such as those in question, with floating viable eggs, a PVC tube
(interchangeable) can be inserted into the central outlet duct of
the spawning pit, so that the upper part of the tube remains about

10 cm below the operating water level, to conduct the eggs accu-
mulated at the surface level to the incubator of choice.

Ve

Figure 3: Schematic of a coupled spawning system with two double-channel incubators for the mass production of fish larvae [8].
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Figure 4: Peak spawning moment in the coupled system. Taken from:

Escarcega [7].
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Under the operating principle described above, for large-
scale egg production, such as that expected with these species,
multi-channel incubators can be coupled to a spawning pit, in
which water flow and egg delivery are controlled by registers with
control valves. This could be highly practical for spawning events
with marine fish, which typically occur over two to four consecu-
tive nights (in natural spawning and when hormonal implants are
used to induce spawning). In this way, the egg can be channeled in
batches to a specific incubation channel to achieve homogeneous
batches of larval hatches, greatly optimizing the process (Figure
3) [8].

Background of its Application in Mexico

The application of the Coupled System in Mexico was pro-
moted by the undersigned from the Secretariat of Fisheries and
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SEMARNAP, since 1994. Given the success achieved in its use at
the El Peaje Aquaculture Center, SLP (1993) in the reproduction of
grass carp, its application was promoted in the Aquaculture Cen-
ters of Tezontepec de Aldama, Hgo. (1999), Zacapu, Mich. (1999)
and La Rosa, Coah. (2000), four of the most important federal
Aquaculture Centers in the production of carp fry. In Mexico, it
has proven to be a very effective system in terms of productivi-
ty (viable fry at the feeding stage/kg of weight in females) in the
controlled reproduction of pelagic egg fish with high biological
potential.

The average efficiency of this system achieved in the CA El
Peaje was 69% hatching, in the spawning of the grass carp (Cteno-
pharingodon idellus), with levels reaching up to 78%, based on the
number of eggs released. The average yield, in terms of viable fry/
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kg of weight In females, it was 62,000 units, with maximum values
reaching up to 72,000 fry/kg [1]. Based on these indicators (par-
ticularly hatching), with the fertility and biological potential of the
females of many species of diadromous marine fish such as those
we are concerned with, it is easy to infer the enormous quantities
of fry that could be achieved with this system. Details about its
operation and results achieved in its application can be found in:
Escdrcega-Rodriguez [1] and FAO [5].

Extensive Larval Culture. Coupling with Zoo-
plankton Succession in Ponds

The possibility of producing feeding-stage larvae on a mass
scale also requires the development and application of larvicul-
ture and rearing technologies that can handle the enormous num-
bers of larvae that can be produced with marine fish, ensuring
the supply of fry and juveniles required for commercial grow-out
systems.

To date, this phase of larval culture with marine fish in Mexico
is in the commercial pilot stage, using highly technical and con-
trolled culture schemes in recirculating systems (RAS), with the
parallel controlled production of live feed. The results achieved
thus far, while encouraging and of enormous value given the
knowledge generated, are still far from being able to absorb the
large quantities of larvae that can be achieved in marine fish re-
production.

As mentioned in the previous section, for decades in China,

production systems such as the Coupled Spawning and Incuba-
tion System have been developed, which have allowed to respond
more than adequately to the vast biological potential presented
by various species of fish of food and commercial importance, to
optimize spawning, incubation and larval production on a large
scale, but also with schemes for larval culture in open systems
(rustic ponds) that allow the management of large quantities of
larvae, with efficiency margins that reach up to 60% survival, for
the larval stage in the feeding stage to fry of 3 cm TL.

In the case of marine fish, it has been mentioned that in coun-
tries such as Thailand and Australia this alternative is successful-
ly managed for the mass production of Indo-Pacific sea bass (L.
calcarifer) fry. The key to the success of this alternative lies in
precisely matching the preparation of the ponds for larval culture
with the timing of the larvae’s feeding stage (the intersection of
two productive pathways), 48 hours after hatching, when the lar-
vae have exhausted their yolk reserves and are ready to feed. In
short, the goal is to ensure that at this time the pond has the great-
est abundance of rotifers (and copepod nauplii) and the lowest
proportion of adult copepods and other zooplankton components
that may initially be predators or food competitors of the stocked
fish larvae.

Fundamentals of the model

When earthen ponds are used for large-scale production of
fish fry, they are integrated from the outset (as larvae) into the
food chain established in them (Figure 5).
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Figure 5: Diagram of a food chain in a freshwater body.
Source: fishfarming (In: Google images).
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Photosynthesis contributes to the production of plant organic
matter in ponds. Phytoplankton serves as the basis for zooplank-
ton development. Thus, fry feed voraciously on zooplankton, se-
lecting individuals whose size fits within their mouths, which are
initially rotifers and copepod nauplii (Figure 6). Similarly, some
predators feed on fish larvae, and losses can be high if proper
management is not applied.

Determining environmental factors

The main environmental factors to consider in the production
of marine fish fry during the first stage of fry rearing in ponds are:

a)  Water temperature- The appropriate range for the de-
velopment of tropical marine fish is 25 a (29°Cwith an optimum
of 26 a28 °C, in the case of sea bass).
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Figure 6: Suitable sizes of zooplankton (rotifers) during initial stocking of feeding-stage larvae in ponds. Taken from: [4].
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b)  The quality and availability of live food- The first fry (lar-
vae in the feeding stage) feed on zooplankton of sizes preferably <
0.08 mm (some rotifers), which fit the size of their mouth.

c¢) Dissolved oxygen content - which must be at least 5
mg/L.

d) The presence of predators of larvae and fry - such as in-
sect larvae and large copepods, which can cause large losses in
this initial fry phase (in virtually all fish species).

e)  Weather conditions: Changes in atmospheric pressure,
sudden temperature changes and strong winds can significantly
reduce survival.

Preparing the pond for receiving the larvae

The most important element for achieving the best results is
the proper preparation of the ponds before filling them, including
their fertilization:

a) fry ponds is prepared (preferably 0.01 al1.0 ha in area).

b)  They are filled to half their capacity, preventing the entry
of fish and other wildlife.

c)  Selective chemical treatment is applied to the water to
eliminate cladocerans, copepods, and other aquatic arthropods,
and to facilitate good proliferation of rotifers (the chemical agent
is Crustabay ®, which does not affect the latter).

d) pre-fry or larvae in the feeding stage (two days after
hatching) are stocked in the ponds.

e) Seven days after stocking, supplementary feed is applied
to the fry (this can even be done earlier), larger zooplankton is
introduced into the ponds, and the ponds are fully filled.

f)  After 21 a30 days from the introduction of the pre-fry,
the fry (3 cm) can be obtained and then transported (if desired) to
the second fry ponds to reach the desired size, depending on their

destination (floating cages, grow-out ponds or for restocking pur-
poses). If the destination is grow-out, the fry 3 cm can be trans-
ferred directly to the grow-out ponds to avoid further handling
(initial stocking reference of 1 al.5 fry/m?).

Ponds for this first stage of fry rearing are relatively small and
are recommended to be from 100 to 10,000 m21.0 0.01 aha, with
an average depth of 1.0 m. A good water supply is required, along
with a regularly sloping bottom to ensure complete drainage and
harvesting, and the availability of a structure for drainage and wa-
ter level control (monks with two rows of planks filled with clay
are suitable).

First-time fry ponds must undergo a drying period and expose
their stock to sunlight (Figure 7). To begin a new fry cycle, they
must be prepared with great care:

a)  All vegetation is removed from the bottom and burned.

b)  Quicklime (dry) is applied homogeneously to the bottom
of the pond atarate of 150 kg/ha (or 1 ton/ha of hydrated lime) to
sterilize it and improve the soil structure (Figure 8).

c) organic fertilizer (cattle or pig manure, for example) is
spread evenly over the pond template at a rate of 3-5 ton/ha to
ensure good development of natural organisms for feeding the fry
(Figure 9).

d) Fill the pond to half its capacity, preventing the entry of
predatory fish and other unwanted organisms by using fine mesh
materials or placing a filter box in the water supply duct or chan-
nel.

e) Insmall ponds (up to 400 m?), inorganic fertilization is
done from the shore in two phases:

i. While the pond is being filled, urea (43% nitrogen in the
form of nitrates) is added near the water inlet at a rate of 150 kg/
ha. The fertilizer will gradually dissolve and spread throughout
the pond.
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Figure 7: Emptying and drying of a typical pond.
At: http://cocopdf.com/produccion-de-peces-en-estanques/informaci-n-para-construir-un-estanque.html#
N J
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Figure 8: Dry liming of a pond template.
At: http://yair-yamalo.blogspot.com/2014/02/practica-con-aprendices-quibdo.html
N J
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Figure 9: Application of organic fertilizer to a pond template.
At: http://www.fao.org/tempref/FI/CDrom/FAQO_Training/FAO_Training/General/x6709s/x6709s06.htm
\ J
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ii.  Once the pond is half full, superphosphate (18% active
ingredient) is added at a rate of 100 kg/ha to the edges of the
pond.

f)  In larger ponds, both fertilizers are mixed and applied
from a boat over the entire surface of the water.

Importance of managing the natural succession of zooplank-
ton

Thanks to fertilization, the various components of phyto-
plankton and zooplankton develop actively, and their relative
abundance changes over time. First, the rotifer population de-
velops until it reaches its maximum abundance. Then, small cla-
docerans begin to proliferate, followed by larger cladocerans and
copepods, which then become predominant. This is the natural
process of succession of the main components of zooplankton in a
pond, provided that they are not chemically treated to selectively
eliminate certain organisms.

If we compare the size of the mouthparts of fish larvae with
small eggs (such as those of diadromous fish) with the size of
various types of zooplankton, it is clear that the larvae’s prima-
ry food source is small rotifers and copepod nauplii. During this
first phase, rotifers are therefore the most suitable natural food
for fish larvae, which consume them voraciously. Therefore, it is
necessary to selectively eliminate the larger types of zooplankton
from the outset. This will limit the feeding competition of cladoc-
erans to the benefit of rotifers and consequently increase the lat-
ter’s survival (to the benefit of fish larvae), while also eliminating
the copepods that prey on them. At the same time, the larger cope-
pods, which are also predators of larvae, will be eliminated.

This way, the rotifer population in the pond will be larger and
last longer. Furthermore, as the larvae grow, cladocerans and co-
pepods will begin to reappear, now without harming the fry and
serving as food. This is the great advantage and the key to the ef-
fectiveness of this technology.

Selective treatment

Once the pond is half- filled, it is treated with chemicals (two
days after initial filling) to selectively kill cladocerans and cope-
pods. Rotifers are not affected by this treatment. The chemical
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agent used is Crustabay (90% Al metrifonate), used in Mexico for
shrimp farming (to prevent disease and eliminate predators and
competitors when stocking post -shrimp in growth ponds). The
application rate is 1.0 mg/L (1 g/m?3).

To verify whether the treatment has been effective, the pres-
ence of zooplankton must be regularly checked. Cladocerans and
copepods should not be found for five days after treatment, while
the abundance of rotifers should increase. At each specific site, it
will be necessary to identify the exact day on which rotifer abun-
dance is greatest. The reference given here is five days after treat-
ment application.

At a mass production level of fry, once the period in which the
maximum abundance of rotifers is achieved in the pond has been
identified (2 a3 ml of sedimented volume/100 L of water), it will
be essential to program and couple accordingly the spawning and
the production of the feeding stage larvae to achieve the best re-
sults, by stocking the larvae at the precise moment. In the first
tests, fish larvae can be stocked at a rate of 140 units/m? of pond
water surface.

Process sequence

Figure 10 summarizes the sequence of stages in the larvicul-
ture and fish rearing process in ponds [9].

Phase coupling: larvae/pond preparation

Figure 11 presents an example of a coupling diagram for both
phases (availability of larvae 48 hours after hatching with the
time of maximum rotifer abundance) that can serve as a reference.
As mentioned, at each site, for each species, the precise times to
reach the indicated stages must be determined. In the case of this
diagram (taking sea bass as an example), the meeting point of
both routes for larval stocking would be on day 7. As can be seen,
the key to the success of this production route lies above all in the
technological mastery of the reproduction of the target species,
which allows for the availability of batches of feeding-stage larvae
safely and at the expected times.

Details on the implementation of this alternative for the mass
production of offspring in rustic ponds can be found in: Escdrcega

[7]-
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Larvicultura y producciéon de crias en estanques
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Figure 10: Sequence for managing larviculture and fish rearing in ponds.
Source: Escarcega [8]. PowerPoint presentation.
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Figure 11: Coupling schedule of the reference phases for the sowing of larvae in the fry and rearing ponds [9].
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