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ABSTRACT
In the interest of increasing zooplankton yields from culture tanks several
supplemental feeds were cvaluated. Triplicated trials utilizing small 1,000 L tanks
with no water exchange were sampled weekly during four weeks for copepod
abundance. Abundance of Acartia tonsa nauplii decreased for the unfed control and
tanks fed algae, bacteria, and Isomil®. Nauplii numbers increased in tanks fed
artificial plankton, rice bran and Rotirich®
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INTRODUCTION
The most widely accepted food offered to the larvae of fish has been plankton
taken from the wild which consists mostly of copepods (May 1970, Turner 1984).

Metadata, citation and similal

Success in rearing fish larvae has been limited using other foods, such as bamacle
nauplii, mysids, oyster and mussel larvae, ciliates, and nematodes. It was the
discovery by Rollefsen (1939) that plaice could be reared on Artemia sp. nauplii that
first allowed the mass rearing of a number of marine fish. The use of the rotifer has
likewise allowed the rearing of an additional group of fish species for which the
larvae could not eat an A4rtemia sp. nauplii at first feeding. It has recently been
recognized that a third group of fish larvae which will not feed on Arfemia sp. or
rotifers can be reared on the nauplii of copepods. It has also recently been suggested
that even for those fish which can eat Arfemia sp. or rotifers, the growth and
survival is better if they are fed copepods (Neller 1985, Whitt et al. 1984, Pedersen
1984, Ogle and Lotz 2000a). The major drawback to the use of copepods is still the
difficulty in providing sufficient quantities.

Traditionally fish larvae have been stocked into ponds that had been fertilized
to increase zooplankton abundance (Horvath et al. 1984). The ponds may be
fertilized with organic fertilizers, such as manure, cotton seed meal, fish meal or
various inorganic fertilizers (Nees 1949, Swingle 1947, Hepher 1962, Yamada 1986,
Boyd 1990). Ponds may also be enhanced by inoculating with a specific
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zooplankton (Chamberlain et al. 1987, Horvath et al. 1984). Copepods have also
been successfully cultured in large outdoor tanks which were fertilized with organic
(Ono and Okamura 1988) or inorganic (Raymont and Miller 1962) fertilizers.
Regardless, such blooms follow a natural succession of phytoplankton to
zooplankton and then collapse. They are difficult to control and predict.

In attempting to find a species of copepod for mass culture Ikeda (1973)
concluded that a small neritic brackish water species should be used. Acartia spp.
are the dominant zooplankton in most neritic water of the United States (Roman
1977) and come to dominate in large fertilized tanks (Raymont and Miller 1962).
1t is also the dominate species within Davis Bayou adjacent to this laboratory.
Acartia sp. is possibly able to dominate these estuarine areas due to its wide salinity
tolerance (Stein 1981, Raymont and Miller 1962).

Acartia tonsa has been described as an omnivorous particle grazer and
opportunistic feeder (Poulet 1962) and as an opportunistic omnivorous suspension
feeder (Lonsdale etal. 1979). Energetic studies on feeding in a number of copepods
has suggested that in the wild they can not derive enough energy from grazing
exclusively on phytoplankton (Heinle and Flemer 1975). It has been demonstrated
that copepod adults { Pafenhofer and Strickland 1970) and nauplii (Poulet 1977) can
utilize detritus and indeed there is five times more detrital than phytoplankton
biomass in the ocean. Dissolved organics have also been suggested as a source of
food for copepods especially for pre-feeding and developmental stages { Poulet
1983). Direct uptake of organics is, however still controversial, and the amount of
organic carbon is 10 times less than that of detritus. Poulet (1983) suggested that
free bacteria are not used as a food by copepods, and there is 200 times less
bacterial biomass in the ocean than detrital biomass.

Interestingly, in laboratory studies feeding detritus has not generally been
successful (Roman 1977), whereas, the use of phytoplankton is standard (Omori
1973, Turner 1984). Culture systems designed to produce Acartia sp. have also
relied primarily on phytoplankton (Stottrup et al. 1986, Schipp et al. 1999). The
only reported use of a mixed detrital system being used as a food to produce Acartia
tonsa is that of Ogle (1979). That system has been expanded recently and used to
supply food to larval red snapper (Ogle et al. 2000, Ogle and Lotz 2000a). The
system has also been investigated by Lemus et al. (2000) and compared to systems
receiving rice bran as an organic food source. Rice bran was used by Turk et al.
(1982) as a sole food source to produce Acartia fonsa. Rice bran has also been
used to enhance zooplankton in ponds (Bishara 1979) and to feed Artemia sp.
{Sorgeloos et al. 1980).

The “brown water system” of Ogle (1979), while successfully used at the Gulf
Coast Research Laboratory to produce several thousand juvenile red snapper (Ogle
and Lotz 2000a.), requires a ratio of 100:1 for food to larval culture volumes. One
advantage of the system is that it can be easily managed for collapses in production.
Such declines in copepod production are usually the result of increases in
competitors, such as mussels, oysters, barnacles or tunicates, or predators, such as
jellyfish. The 100 m? tanks can easily be drained and cleaned in a matter of hours
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and will be back to full copepod production in & matter of days. One disadvantage
of the system is that such management is required. A long term goal, therefore, is to
intensify production of a specific copepod in an indoor system. The first step in
achieving that goal is to identify an alternate food to the “brown water”. Therefore,
a variety of foods were evaluated for their suitability as food for the copepod
Acartia tonsa.

MATERIALS AND METHODS

Copepods were cultured in black polyethylene tanks holding 1,000 L of water.
Water from an existing 100 m? outdoor tank, filtered to 300 microns was used to fill
the tanks. The water from the outdoor tank was clear and contained a resident
population of Acartia fonsa. The tanks were located under an open sided
greenhouse having a 85% shade cover. Three replicates of each of four diets were
evaluated for a total of 12 tanks during each of three trials. Three separate trials
were conducted over the period January-April 2000. Four diets (algae, bacteria,
Isomil, and shrimp water) and the unfed control were only used once. The other
three diets, Rotirich® , rice bran , and artificial plankton were evaluated twice.

Tanks were fed every third day with commercially available diets consisting of
the following: an algae paste of Tetraselmes sp., a bacteria The shrimp tank uses
a bacterial floc as an internal filter (Ogle and Lotz 2000b). The control tanks
received no additional food.

Every tank was sampled initially and once weekly for three successive weeks.
A length of 2" pvc pipe was plunged vertically to the bottom of the tank to insure
auniform sample. Five replicate 200 ml vertical samples were taken from each tank
for a total sample volume of 1 L. The contents of the entire sample was enumerated
for nauplii and adults under a dissecting microscope. Copepodite and juveniles were
included in the counts as adults. Results were reported as number of copepods/L.

RESULTS

The salinity of the water throughout all trials was 25%.. Where as the
temperature varied from 6°C to 16°C. Initial stocking densities varied between the
three trials decreasing with season. Average stocking density for the first trial was
15.5 adults/L and 110 nauplii/L, for the second trial the average stocking density
was 12.6 adults and 24 nauplii/L. and for the third trial the average stocking density
was 10.0 adults and 10 nauplli/L. Since the stocking densities varied by tank and
season the results are presented as the percent change from the initial estimate and
averaged for the three replicates (Table 1).

The number of nauplii in the unfed control decreased with a first week increase
in the number of adults followed by a decline. This suggests that some nauplii were
able to molt before the overall numbers started to decline. The bacteria and Isomil®
fed tanks both showed the same trends as the unfed control. Both adults and nauplii
declined in the algae fed tanks. The number of adults and nauplii both increased
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when fed shrimp water, artificial plankton, Rotirich® and rice bran. The number of
nauplii continued to increase in the tanks fed shrimp water while a decline during the
fourth week was noted for tanks fed artificial plankton, rotirich and rice bran. The
greatest increase in adults were noted for the artificial plankton (2,306%) during the
fourth week and rotirich (2,194%) during the third week. These percent increases
represent 240 and 121.6 adults/L, respectively. Overall, the greatest increase in
number of nauplii was noted for the Rotirich® during the third week (937%). This
percent represents 120.3 nauplii/. which was the second highest density. The
greatest average density of nauplii achieved was 171/L also for Rotirich® in the
third week. However, due to the high initial stocking density in this trial (118
nauplii/L) this represents only a 44.9% increase.

Table 1. Average percent change from initial numbers of Acartia fonsa

Adults and Juveniles Naupiit
Diet Initial Week initial Waek
# 2 3 4 # 2 3 4

Algae 180 -500 825 750 1370 -394 817 -876
Bacteria 150 1130 1130 100.0 880 0 238 454
Isomil 16.6 325 1530 4200 270 -38 248 122
Shrimp 10.3 874 2590 10088 156 B33 2500 3397
Water

Control 113 2478 1673 1566 950 -189 -442 494
Artificlal 10 4160 16630 23080 243 2687 1111 917
Plankton

Ariificial 186 1720 2470 -16.1 14 714 4378 B85
Plankton

Roti Rich 17 2760 11059  1188.2 118 405 448 313
Roti Rich 53 12830 21943 4717 116 1931 9370 296.1
Rice Bran 123 4228 7967 6528 243 2633 3551 205
Rice Bran 6 8267 8500 12267 123 894 5365 4959
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DISCUSSION

The results of this study would seem to confirm that Acarfia tonsa is indeed an
omnivorous particle feeder (Poulet 1962) able to feed and reproduce on several of
the diets offered. The lack of survival for the copepods offered the algae diet is
unexplained. The algae was preserved and not living. However, even if the algal
cells were considered as a detrital particle, some success would be expected. In
addition such a product has been successfully used for oyster and shrimp larvae. It
would be interesting in the future to compare the preserved algae with live algae.
Live algae were not available at the time of these comparisons. The poor
performance of bacteria was not surprising as bacteria are not considered a major
food of copepods (Poulet 1983). The Rotirich® fed tanks with the greatest percent
increase in nauplii, greatest total number of nauplii/L and second highest percent
increase in adults appears to have promise as an artificial feed. Rotitich®
outperformed rice bran in nauplii production and artificial plankton in percent
increase of adults.

The success in this study of maintaining and in some cases increasing the
number of copepods held in static cultures when fed an artificial diet offer the
possibility of captive culture of Acartia sp. The selection of an appropriate diet will
facilitate the selection, isolation, and cultivation of Acartia sp. indoors under
controlled conditions. The final goal would be to enhance production to provide
sufficient numbers of copepod nauplii for feeding to larval fish.
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