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Tilapia Fry and Fingerling Production
in Small Tanks

James E. Rakocy

and

Ayyappan Nair

CVI Agucuitural Experiment Station
P.O. Box 920, Kingshill
Se. Croix, U.S. Virgin Islands 00850

Two experiments were conducted to evaluate the use of
small canks as a hatchery for the production of tilapia fry and
fingerlings. The effect of stocking density of brood fish on fry
production was evaluated using a sex ratio of four females to
onc male. Brood fish (Tdapia aurea) wete stocked ar rates of
2.7, 5.4 and 8.1 fish/m? in nylon spawning nees (hapas)
suspended in tanks. Fry were collected seven times ar 2-week
intetvals. Mean fry production was 12.2, 15.1 and
23.8/m*/hapa/day or 5.3, 3.9 and 3.8/female/day, respec-
tively. The fry were stocked at rates of 26, 52, 78, 104, 130 and
155/m? to determine the optimum rate for fingetling produc-
tion. The fry were fed four times daily for 63 days. The daily

feeding rate was 15% of initial body weight for three wecks
followed by weekly adjustments to 5% . Predation by dragonf-
ly larvae caused wide variation in survival (23-88%). Fry at the
26/m? rate grew fastest, averaging 2.3 g with 37% survival.
13.5% actual feeding rate and 2.3 feed conversion ratio. Fry at
the 104/m? rate weighed 1.2 g with 88% survival, 6% actual
feeding tatc and 0.75 feed conversion racio. The data indicates
that the daily feeding rate should be higher than 5% of body
weight for maximum growth but should not exceed 40
kg/ha/day in small scatic tanks.

Keywords: tilapia, hatchery systems, aquaculture.

In many areas, tilapia producets do not have a commercial
source of fingerlings for growout and must rherefore produce
their own. Their operarions may be too small to justify the con-
struction of brood and nursery ponds ot the necessaty resources
may not be available. Small tanks may be the the appropriate
unit for fry and fingerling ptoduction ro sarisfy their needs.

Several investigators have used tanks in studies involving
tilapia fry or fingerling production. Uchida and King (1962) ex-
amined the production and growth of Tdapis mossambica fry in
tanks. Shelton et al. (1978) used tanks for producing T. surea fry
for sex reversal experiments. Snow et al. (1983) studied methods
of 1emoving 7. aurez from tanks and raising them ro fingerling
size. Hughes and Behrends (1983) suspended net enclosutes in
tanks ro srudy the mass production of T. niotica seed (eggs. sac
fry and advanced fry).

The use of net enclosures (hapas) in tanks is 2 new practice that
facilitates fry production. Swim-up fry form schools a¢ the surface
and stay close o the tank walls for a few days. At this stage they
ate easily caught with a dip net and transferred to a nursery unic.
However, fry that avoid captute prey upon subsequent spawns
and production declines {Uchida and King, 1962; Snow er al.,
1983). With hapas, this problem is eliminated as all the fry can
be frequently removed by crowding them to one end of the hapa
and capturing them with a dip net after the brood fish have been
gently removed by hand to the cleared portion of the hapa.

An important facror in the production of fry is the densiry of
breod fish (Hughes and Behrends, 1983). The growth rate of fry
to fingerling size is also dependent on density, among other fac-
tors (Uchida and King, 1962; and Snow et al., 1983). The objec-
tives of this study were to evaluate the effects of brood fish stock-
ing density on fry production and the stocking level of fry on their
growth rates ro fingerling size (5g).

MATERIALS AND METHGODS

This study was conducred at the Cellege of the Virgin Islands
Agriculiural Experiment Station in St. Croix, Unired States
Virgin Islands.
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Fry Production

Fry were produced in nylon hapas suspended in citcular tanks.
The hapas consisted of 1.6-mm mesh and were 3.05 m long, 1.22
m wide and 1.22 m deep with a surface area of 3.72m?. The
vinyl-lined ranks were 3.65 m in diamerer and 1.22 m deep with
a surface area of 10.51 m?. The tanks were maintained at a water
depth of 1 m and were occasionally actated when fish exhibited
signs of oxygen stress. During the study, warer temperature rang-
ed from 22 0 26°C.

Brood fish {T#apias aures) wete stocked in the hapas at three
densirties (Table 1) wich each treatment density replicared twice.
The desired sex tatio for each trearment was four females to one
male, but five efrors in sex identification occurred as a total of 120
brood fish were stocked, grearly altering the sex ratio among
treacments.

The brood fish were stocked on 25 November 1981 and fed ar a
rare of 1% of the initial body weight per day. The feeding rare of
the high density treatment was reduced to 0.5% of the initial
body weight from day 52 through 91 and increased to 0.75%
from day 92 rhrough 117. The experiment was terminated on 22
March 1982.

Fry were collected initially on day 34 and thereafter at 14-day
intervals for a total of seven collections. Only advanced, free
swimming fry were counted.

Fingerling Production

As fry were collected and counted, they were srocked in circular
ranks to deretmnine the effect of density on growth. The tanks
were vinyl-lined steel swimming pools with a surface area of
9.65 m. The water level was maintained at a depth of 0.8 m. Fry
were stocked at densiries of 26, 52, 78, 104, 130 and 155 fish/m?,
Each treatment density was replicated three times. Since rhere
were insufficient numbets of fty to stock all the tanks at one time,
fry were stocked as they becamne available during collection from
spawning hapas. Fry were stocked four times over a 6-week period
(Table 2). The fty were fed Purina Trout Chow (#1), four rimes
daily for 63 consecutive days beginning the day after stocking.

PROCEEDINGS of the CARIBBEAN FOOD CROPS SOCIETY—VOL. XX



TABIE 1. Experimental design for fry production; 2 replicaces per reaement,
Treatment 1 2 ]
Ro. of brood flsh/hapa 10 20 30
lron, fish denaity
(//u" haps) .7 5.4 a.1
Ko. of femalea/haps 8.5(8) L4.5(18} 23.5(24)
{desired no.)

%o. of msles/hapa 1.5¢2) 5.5(4) 6.5(6)
{deslred no.)

Sex vatic { female:male) 3.7 2.6 3.6
Inieisl mean we. of femalea(a) 130 138 154

Inltial mean wt. of males{g) 170 182 204

TABIE 2. Stocking and harvest dartes of replications of 6 stocking densities of
tilapia fry fed for 63 days.

Stacking E-nshy Repllcation Stocking Harvest
(#fe") Date Date
26 \ 11 Jan L7 Mar

2 11 Jan 17 Mar

3 25 Jdan 1 Mar

52 1 28 Nec 2 Mar
2 11 Jan 17 May

3 25 Jan 1 Ape

e 1 28 Dec 2 Mar
2 11 Jan 18 Har

3 8 Feb 13 apr

104 1 28 Dpec 2 Mar
2 15 Jlan 1 Apt

] 8 Feb 11 Apr

130 1 11 Jan 16 Mar
2 25 Jan 10 Mar

3 25 Jan 31 Mar

155 1 11 Jan L7 Mar
2 29 Jan 30 Mar

3 25 Jan 3] Mar

RESULTS AND DISCUSSION

Fry Production

Fry production was extremely variable (Table 3). For example,
harvests from individual replicates of Treatment 3 (high density}
ranged from ¢ to 4,947 fry. Hughes and Behrends (1983) ob-
tained similar vatiabiliry with T. n#otica and attribute this wo
variability in fecundity, differences in spawning frequency, and
the relative asynchrony of spawning cycles of individual females.

Fry production increased with an increase in density of brood
fish (Table 4). Production in Tteatment 3 was 23.8 fry/m? of
hapa/day, or neatly twice the production of Treatment 1 (low
density). It appears thar brood fish density of at least 8.1/m?
would be necessary to maximize fry production of I. awrea.
Hughes and Benrends (1983) reported thart fry production of T.
ntlotica was greater at a brood fish density of 5/m2 than at 10/m?.
Uchida and King (1962) found chat fry production of T mzossam:-
bica peaked at a brood fish density of 11.2/m?.

As the density of brood fish increased, fry production per
female decreased (Table 4). Production of fry/female/day was
5.3 for Treatment 1 compared to 3.8 for Treatment 3. A similar

TABLE 3. Mecan number (+ seandard error) of ulapia fry collected from hapas
during 7 harvests ar 2-weck intervals. Each harves is che mean of 2 rephications.

The daily feeding rate, which was based on the modification of a
rate used by Snow et al. (1983), was 15% of initial body weight
for three weeks, followed by weekly adjustments to 5% of body
weight based on biweekly sampling. After 63 days, the finger-
lings were harvested, sorted into centimeter-length groups,
weighed and counted.

All of the tanks were filled with well water. There was no fer-
tilization, aeration or water exchange during the 9-week expeti-
mental period. Several water quality variables were measured
weekly using standard methods (APHA et al., 1980). Samples
were collected early in the morning. Dissolved oxygen (DO} and
temperature were measured with a YSI Model 51-A
polarographic oxygen meter. A glass electtode was used to
measure pH. Toral alkalinity was measured by titration with stan-
dard acid to the methyl red-bromcresol green end point. Levels of
total ammonia-nitrogen and nitrire-nitrogen were determined by
the phenate method and diazotization method, respectively.
Chlorophyll 4 was measured by using the acetone extraction
method (Vollenweider, 1969).
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Karvest 1 2 3
1 LYH R? 590
(+498) ) (+590)

2 9h0 1040 357
(+564) +01) (x35N

3 Jon 292 2618
(42661 +222) (+2110}

4 545 1421 908
(+536) (£345) (+ 136)

) 1476 2248 2020
(+354) (¥836) > 284)

[ 10%0 660 a6
(+ 432) (+660) (+1248)

7 [} 810 445
(V) {+110) (+ 268)

Hean 759 937 1480
(+184) (+228) (+ 425)

Total 5316 6557 10,362

TABLE 4. Tilapia fry production in hapas during a 117-day period. Each value is
the mean of 2 replicates.

Treatment 1 2 3

'Frylmz hapa/day 12.2 15.1 23.8

|!ryl female/day 5.3 1.9 L8

I

!

rry/ g temale/day! 0.03 0.02 0.02
1 Based on che average vl nitial and (inal wrights af lemales,
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telavionship has been demonscrated for T. nifotica (Hughes and
Behrends, 1983) and T. mossamébica (Uchida and King, 1962).

Snow et al. (1983) obrained a fry production rate of
17.8/female/day for T. aurea by using a fry rransfer method in
small tanks wichout hapas. A lower sex ratio (three females to one
male) and srocking densicy (1.6/m?} were urilized. Hughes and
Behtends (1983) obrained production of seed of 20.4/females/
day for T. niotica in hapas. These production rates were substan-
tially higher than the rates obrained in the present study.

At least two factors conttibuted ro low fry production. Firsr,
water quality dereriorated as che result of high sranding crops of
brood fish and high feeding rares. For example, rhe final stand-
ing crop in Treatment 3 was equivalent to 18,600 kg/ha for rhe
hapa and 6,600 kg/ha for rhe entire rank. The inirial feeding rate
in Treatment 3 was equivalenc to 129 kg/ha/day for the hapa and
46 kg/ha/day for the enrite tank. As dense algal blooms
developed, algae clogged the mesh, thereby reducing water circu-
lation and exchange between the hapa and the limited tank
volume. Batches of dead eggs were occasionally found during fry
collection. Poot water quality reduced fry production.

A second reason for low fry production was thar the brood fish
wete fed at a maintenance level and did not receive the nutrition
required for maximum fry production. The daily feeding rate
nevet exceeded 1% of the initial body weight, and as the fish
grew, they reccived less than 1% of their actual weight. The
feeding rare in Treatment 3 had ro be lowered to 0.5% of the in-
ivial body weight to limic detetiorarion of water quality. Hughes
and Behrends (1983} and Snow et al. (1983) fed their brood fish
at rates of 3% and 2-3% of body weight, respectively. Uchida
and King (1962) found that adequare nurrition was very impor-
tant in obtzining good fry producrion.

Hapas and small ranks are apptopriate fry production units for
small operations. To meet production goals, data generated from
this and other studies should be utilized to derermine production
schedules and unir requirements. If fty are needed continuously,
daily averages may be adequare for annual projections. However,
fry are usually requited in large quantities on a given date o coin-
cide with nursery and growour cycles. In this case, mean produc-
tion figures are less realistic as the resulr of high variability. The
required number of production units, as determined by using
mezn fry production tares, should probably be doubled to ensure
adequate fry production.

Fingerling Production

The objective of this experiment was ro raise 5-g fingerlings, a
size thar could tolerace restocking at lower rates for additional
growth to a larger fingerling size. After 63 days of intensive
feeding, the largest group of fingerlings reached a mean weight
of 2.3 g. These fingerlings had been stocked at the lowest density
—26 fish/m2 (Table 5). The initial mean weight of fry for all
stocking densities was 0.019 g.

A longer growing period would be necessary ro obrain 5-g
fingerlings undec presenr experimenral conditions. Under dif-
ferent conditions a higher growth rate has been obtained. Snow
et al. (1983) produced 4.4-g fingerlings (T, aurea) in staric ranks
in 2 40-45 day growing period at a stocking density of 62/mz2.
Weight gain averaged 55.5 kg/ha/day. The highest gain in the
ptesent study was 16.4 kg/ha/day ar a scocking rate of 104/m?
{Table 5). In both experiments Purina Trout Chow (crumbles)
was fed ar a daily rate of 15% of body weight fot the first three
weeks. The feeding rate was then reduced to 2% in the earlier
study and 5% in the present study. The difference in growth be-
tween the experiments was the resule of fertilization. Snow et al.
(1983) fertilized rhe fry reating ranks with a commercial inorganic
feuilizer (20-20-5 for N-P-K) at 2 rare of 44.8 kg/ha/week until
Secchi disc visibility was less than 30 cm. Narural food production
that resulred from fettilization was an important component in

the fry diet and promoted rapid carly growth. Algal blooms
eventually developed in the present study as the feeding rate
increased, buc the advantage of abundant amounts of natural
food for initial growth was lost. If fertilization is not employed,
recent findings suggest that the inirial feeding race should be in
the range of 40 to 50% (Kubaryk, personal communication),
Feed rhat is not consumed will serve as organic fertilizer and pro-
mote the growth of natural foods.

Survival in this study was generally poor, tanging from 32.7 to
87.8% (Table 5). Densiry did not affecr survival since survival of
less than 50% occurred at the lowest and highest densities. The
fry were the same size and age when they were stocked so that
cannibalism was probably minimal. It seems thar predation by
dragonfly larvae was the major cause of poor and variable sur-
vival. Of the 18 ranks utilized in this study, 15 tanks had been
full of water for several weeks before fry were stocked and three
ranks were drained, cleaned and refilled the day before stocking.
These chree tanks were stocked at different rates, but survival was
93.9. 97.3 and 97.4%, rates thar were uniformly higher than
rhose in any of the other 15 tanks. Large popularions of dragonfly
larvae had developed in the previously filled tanks but none
developed in tanks that were cleaned ptior to stocking.

Variable and poor survival greatly affected the results. There
was a large difference between che stocking density and rhe actual
density of fish recovered at harvest (Table 5). The densicy ac
harvesr probably existed throughour most of the experiment since
dragonfly larvae prey on fry right after stocking when rhey are
small in size. The feeding rate was calculared on the assumption
of 100% survival and therefore the actual feeding rate was much
higher than desired (5%) in the treatments with low survival.
Table 5 shows the actua! feeding rate for the fish surviving ar
harvest as well 2s the feed conversion ratio and the final feeding
rare in terms of kg/ha/day. Fish at stocking densities of 52 and
104/m? had high survival rates, actual feeding rates of less than
6% and feed conversion ratios of less than 0.9. Fish ar these den-
siries converted feed well and grew well through week 9 (Figure
1). Howevet, fish at the higher densiry grew at a much lower rate,
possibly because there was less natural food available per fish.
Fish ax a stocking density of 78/m? were fed at an actual rate of
8.0% and exhibited a feed conversion of 1.57. Apparently the
quanticy of feed was adequare as indicated by the relatively high
conversion ratio. The harvest density (48/m?) was nearly the same
as the hatvest densiry (45/m2) of the fish stocked at a rate of
52/m?, but the growth rate was slightly lower (Figure 1). The
final feeding rate was 41.8 kg/ha/day, which may have caused
some dererioration in water quality although no major differences
in water quality were detecred among any of the stocking den-
sities (Table 6). Fish stocked at densiries of 130 and 155/m? were
fed at actual rates of 15.3 and 10.4%, tespectively, and exhibited
poor feed conversion (4.39 and 2.29). A sufficient amount of
food was available and yet the final mean weights were low (1.4
and 1.3 g) as che resulr of water quality deterioration. The final
feeding rates were 102.7 and 93.6 kg/ha/day, respectively.
Tucker and Boyd (1979) found that a maximum feeding rate of
56 kg/ha/day reduced growth and survival of channel catfish in
ponds as the result of water quality detetiotation. The absence of
bottom sediments in tanks and poor water circulation may cause
water quality to deteriorate at lower feeding rates than in ponds.
Fish stocked at 26/m? were fed at an acrual rate of 13.6% and ex-
hibited 2 poor feed conversion (2.61). However, their growth rare
was the highest because the final feeding rate was low (25.3
kp/ha/day) and much natural food was available.

Although poor warer quality slowed the growth of fish fed ac
high races near the end of the experiment (Figure 1), these fish
gained a temporaty advantage eatlier in the experiment when
feeding raves (as kg/ha/day) were lower and che fish were at a stze
where they were able to consume feed at a higher daily percen-
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TABLE 5. Fingerling production data for 6 stocking densities of tilapia fry over a 63-day feeding period. Eacli value i che mean of 3

teplicates.!
Density (iﬁ,’mz) Survival Total Weight Mean Weight Feed Actual Final Hgighl: Gain
% kg/ha) (& Convereion Feeding Feeding (kg/ha/day)
Stocking Harvest (%) (kg/ha g Rario Rate Rate
(% body weight) (kg/ha/day}
b
26 10 36.9°% 210% 2.3% 2.61° 13.6 25.3 3.3
52 45 86.3" 769°¢ 1.7%° 0.87° 5.8 30.1 12.0
78 48 62.22° 671°¢ 1.5° 1.57° 8.0 41.8 10.4
104 91 87.8" 1051° 1.2% 0.75° 5.7 33.9 16.4
130 42 32.7% 595° 1.4° 4.37° 15.3 102.7 9.1
155 75 48.12 084°¢ 1.3° 2.29%° 10.4 93.6 15.2

1

Numbers within columns followed by the same superscript letrer are not significantly different (P<0.05)}, based on

Duncan's multiple rang: test.

TABLE 6. Water quality of canks stocked with 6 densities of tilapia fry during a 63-day feeding period.
The mean and range are exptessed in mg/liter unless otherwise speafied.

Stocking Density (#[mz) )
Variable 26 52 78 104 130 155
o 23.8 24.0 24.2 24.2 24.0 24,1
Temperature { C) 22.0 - 25.5 22.0 - 26.0 23.0 - 26.0 22,5 - 26.0 22.0 - 26,0 22.0 - 26.0
8.0 8.8 8.8 9.0 8.9 2.6
Dissolved Oxygen 5.2 - 12.5 4.1 - 13.0 4.5 - 10.4 4.4 - 11,7 2.4 - 14.8 3.5 - 14.0
9.1 8.2 9.4 9.3 9.4 9.3
pH {unlts) 8.8 - 9.5 7.8 - 9.7 8.8 - 10.4 8.8 - 9.6 8.3 -9.8 8.8 - 9.7
866 8139 848 B75 850 891
Total Alkalinity 643 - 1076 598 - 1016 594 - 1109 580 -~ 1062 64l — 1030 658 - 1085
0.13 Q.14 0.16 0.15 0.16 0.14
Total Ammonia-Nitrogem 0.01 - 0.80 0.01 - 0.75 0.02 - 0.80 0.01 - 0.60 0.01 - 0.98 0.01 - 0.565
0.84 0.90 1.13 1.16 0.96 1.14
Nitrite-Mitrogen 0.22 - 1.80 0.20 - 2.40 0.50 - 2.40 0.50 - 2.50 0,25 - 2.58 0.36 - 2.30
1.9 22.2 34.0 24.1 20.6 20.4
Chlorophyll "a" (ug/liter)} 1.9 - 62.4 4.5 - 79.3 4.5 - 71.8 3.1 - &0.8 7.9 - 70,3 7.9 « 44,2

tage of their body weight. For example, fish at an initial densitcy
of 130/m? and a final feeding rate of 15.3% had the second
highest growth rate throughout the first seven weeks (Figure 1).

A length-frequency distribution of harvested fingerlings was
calculated for each stocking density and to determine if any of the
stocking densities resulted in the production of fingerlings that
were more uniform in size. The results iflustrated in Figure 2
show thar there was considerable variation in length among all
stocking densities. Fingerlings generally ranged from 3 to 9 ¢m in
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length ar each density. The most frequently occurring lengeh was
4 cm. The mean weight of 4-cm fingerlings ranged from 0.9 to
1.2 g. The disuibutions were skewed towatd the shoreer lengths.
Fish that wete 7 cm long weighed approximately 5 g. The largest
fish at harvest was 10-cm long and weighed 16 g.

In summary, the dara indicaces that as fish approach a mean
weight of 2 g in small static ranks, the feeding rare should be
greater than 6% of body weight per day but should not exceed 40
kg/ha/day 10 maintain good growth and feed conversion.



FIGURE 1. Growth curves of cilapia fry scocked ac 6 densities and fed for 63 days.

Each point is the mean of 3 replicatons.
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FIGURE 2. Length-fregnency distribudion at harvest of tilapia fingerlings scocked
at 6 densities. The number of fingerings per production unit is the mean of three
replications. The value above each bar is the mean weight of fingerlings in grams of
thac size group.
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