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ABSTRACT

Soil cores were taken from ponds in Thailand, Honduras, Kenya, Peru, Brazil, and the Philippines. All cores could be
delineated into F, S, M, T, and P horizons without difficulty. The major similarities among cores involved an increase
in dry bulk density and a decrease in concentrations of total carbon, total nitrogen, and total sulfur with increasing
depth into the sediment. There was wide variation in acidity, phosphorus, major cation and micronutrient concen-
trations, pH, texture, and color in samples from different sites, but differences in these variables with sediment depth
did not follow clear trends. The S horizon, the main sediment layer that interacts with pond water quality, varied in
thickness from 2 to 10 cm. Pond management should focus on neutralizing acidity and enhancing organic matter
decomposition within the S horizon through liming and drying of pond bottoms between crops. Sediment accu-
mulates in deeper parts of ponds over time, and soft sediment should be removed periodically.

Results of sediment analyses were used in formulating a pond soil classification system based on levels of primary
and secondary sediment properties. The primary properties are pH, texture, sediment thickness, and organic matter
status (mineral or organic in nature). The secondary properties are organic carbon, carbon:nitrogen ratio, acidity
(exchangeable acidity and acidity from sulfide oxidation), carbonates, and sodium adsorption ratio. Two optional,
tertiary properties, thickness of F horizon and oxidation status of the sediment surface, may be used in the classifi-

cation system if desired. The classification system is described in this report.

INTRODUCTION

This project on pond dynamics was concerned with the
composition of sediment profiles in ponds at PD/A CRSP host
country sites and in other selected ponds in the host countries.
During the Eighth and Ninth Work Plans, soil cores were
obtained from ponds in Thailand, Honduras, Kenya, Peru,
Brazil, and the Philippines. Data from all sampling sites other
than those in Brazil and the Philippines have been presented
and discussed in earlier progress reports (Boyd et al., 1998;
1999; 2000; 2001). Thus, only data from the sites in Brazil and
the Philippines will be provided in this report. The data
obtained on the composition of pond sediment were used to
prepare a simple system for classifying pond soils, and the
main objective of this report is to describe this system.

METHODS AND MATERIALS
Pond Soil Cores
The ponds in Brazil were located at the fish culture station of
the Brazilian Environmental Institute, Pirassununga, Sdo Paulo

State, and on a private fish farm near Chapeco, Santa Catarina
State. Ponds in the Philippines were at Central Luzon State

University, Mufioz, Philippines. Three ponds were selected at
each of the sites. Ponds had surface areas of 300 to 500 m2, and
maximum water depth was about 1 m. Ponds had been
stocked for two to four months at the time of sampling, and
tilapia was the primary culture species in all ponds. Ponds at
Pirassununga, Brazil, and in the Philippines had a history of
fertilization and feed application. The ponds at Chapeco,
Brazil, were fertilized by manure from pig parlors constructed
above them.

Soil cores were taken with a hand-operated, 5-cm-diameter
core sampler (Wildlife Supply Company, Saginaw, Michigan,
USA, Model No. 242A15). Procedures for separating the cores
into successive 2-cm-long segments were described by Munsiri
et al. (1995). Core segments were dried at 102°C (moisture
content and dry bulk density) or 60°C (other analyses) and
transported to Auburn University for analyses.

Samples were analyzed for moisture content (gravimetry), dry
bulk density (gravimetry), color (Munsell color chart), wet soil
pH (direct, glass electrode), dry soil pH (1:1 slurry of dry soil
and distilled water, glass electrode), exchangeable acidity
(Adams-Evans buffer method), total carbon and nitrogen (Leco
CHN Analyzer), total phosphorus (perchloric acid oxidation),
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total sulfur (Leco Sulfur Analyzer), and acid-extractable
phosphorus and metal ions (extraction in a 0.075 N acid
solution of 0.05 N HCl plus 0.025 N H,SO,) followed by
plasma spectrophotometry. Particle size analyses were made
by the pipette method. All methods followed details provided
by Munsiri et al. (1995) and Thunjai and Boyd (2001).

Pond Soil Classification

The pond soil classification system was developed using data
from the literature on pond soils (Boyd, 1995) and the results of
the pond soil samples taken during the Eighth and Ninth Work
Plans (Boyd et al., 1998; 1999; 2000; 2001). This effort represents
the opinions of the investigators, and the system is likely to be
revised in the future.

Table 1. Concentrations of moisture, dry bulk density, pH, and
exchangeable acidity in soil cores from ponds at
Pirassununga and Chapeco, Brazil. Entries are the averages

and standard errors of data from three ponds.

Depth Moisture
(cm) (%)

Dry Bulk pH
Density (s.u.)

(g cm™)

Exchangeable
Acidity
(meq (100 g)™)

PIRASSUNUNGA
0-2 518.85+40.37 0.14+0.02
2-4  376.52+11.00 0.19+0.01
4-6  307.26 £21.90 0.24 +0.04
6-8  240.65+38.58 0.32+0.08
8-10 252.14+51.63 0.31+0.09
10-12  240.08 +46.68 0.33 £0.09
12-14 21096 +46.62 0.35+0.10
14-16 208.29+44.79 0.36 £ 0.09
16-18 184.33 +23.18 0.38 £0.06
18-20 14890 +20.66 0.47 £0.12
20-22 11847 +37.58 0.65+0.37
22-24 103.55+41.24 0.85+0.67
24-26  90.56 £31.57 0.92+0.63
26-28  66.29+31.33 1.02+0.45
28-30  56.82+23.22 1.13+0.40
30-32 38.99+897 137+0.36
32-34  43.02+0.00 1.17+0.00
34-36 37.33+0.00 1.39+0.00

4.85+0.09
4.90 = 0.06
4.70+£0.12
4.77 £0.12
4.73+£0.12
4.77 £0.12
4.88 +£0.12
492 +0.10
5.28 £0.33
5.10+0.28
5.07£0.12
5.02+0.12
5.08 £ 0.09
5.05+0.10
5.07+£0.18
5.03 +£0.09
5.30 +0.00
5.10 = 0.00

21.33 £1.87
17.33+2.82
20.27 £1.62
22.40+£0.80
17.87 +2.82
16.27 +2.71
16.00 + 5.00
13.07 +2.37
16.00 + 6.67
11.73+0.71
10.93 + 0.96
10.40 +1.22

9.87 £1.87

9.87 £1.62
12.53 +3.53
16.00 + 6.84
10.40 + 0.00
11.20 + 0.00

CHAPECO
0-2 339.11+14.82 0.24 +0.02
2-4  248.31+837 0.30+0.02
4-6  199.78 +11.52 0.37 +0.04
6-8 176.37+13.69 0.39 +0.03
8-10 137.02+30.23 0.53+0.13
10-12 123.58 +28.39 0.60 +0.15
12-14 128.56 £19.75 0.54 +0.09
14-16 118.60 £16.36 0.59 +0.10
16-18 101.55+9.53 0.64 +0.07
1820 92.87+7.09 0.67+0.05
20-22 86.93+894 0.70+0.06
22-24  85.17+7.02 0.77+0.03
24-26  83.00+6.75 0.73+0.08
26-28 85.29+826 0.77+0.05
28-30 82.45+549 0.75+0.05
30-32 80.77+7.02 0.78+0.03
32-34 7932+867 0.72+0.05
34-36 78.63+1.64 0.74+0.04
36-38 76.04+3.01 0.82+0.09
3840 64.96+7.46 0.89+0.07
4042 58.07+5.83 0.98+0.11

5.88 £ 0.28
6.03 £ 0.07
5.92 +0.06
5.87 £ 0.06
5.90 £ 0.09
5.85+0.08
5.82£0.04
5.90 £ 0.08
5.85+0.08
5.75+0.10
5.75+0.10
5.70+£0.10
5.63+0.11
5.58 £0.06
5.68 £0.04
5.60 £0.10
5.77£0.18
5.60 £ 0.04
5.53 £0.02
5.58 £0.02
6.00 £ 0.00

12.27 +2.81
13.23+3.79
11.09+3.21
10.40 +2.12
10.93 +1.85
11.73 +1.22
12.00 +2.88
10.93 +1.22
11.20 +1.39
10.93 +1.85
13.87 +3.23
13.60 + 3.67
14.40 +2.77
13.07 +2.01
13.07 +1.22
13.33 +0.44
12.05+4.17
13.07 +3.23
14.00 + 3.96
12.80 +3.39

8.00 £0.00

REesuLTs

The data for the analyses of soil cores from ponds in Brazil and
the Philippines are summarized in Tables 1 to 14. Each entry in
the tables represents the average concentration of a variable in
three ponds, and the plus or minus (*) values following means
represent standard deviations.

DiscussioN
Pond Soil Cores

Chemical and physical analyses of soil core segments from
Brazil and the Philippines did not reveal features or trends
greatly different from those found during the Eighth and Ninth
Work Plans for ponds at other sites (Boyd et al., 1998; 1999;
2000; 2001). In general, moisture content decreased and dry
bulk density increased with increasing depth in the profile
(Tables 1 and 2). The S, M, T, and P horizons could be easily
delineated from dry bulk density, as has been the case in all
ponds previously sampled. The pH and exchangeable acidity
did not differ greatly among depths. The two sites in Brazil
had acidic sediment, while sediment at the Philippine site was
near neutral in reaction (Tables 1 and 2).

Soil color changed with depth from a lighter color near the
surface to a darker color deeper within the profile at the
Pirassununga site in Brazil, but soil color changed little with
depth at the other two sites (Tables 3 and 4). Color is useful for
determining if sediment is oxidized at the surface of the S
horizon, but it is of little use in delineating horizons or for
other aspects of pond soil classification.

Total carbon, total nitrogen, and total sulfur concentrations
decreased with depth (Tables 5 and 6), as was observed in all
other ponds of this study (Boyd et al., 1998; 1999; 2000; 2001).
Concentrations of carbon in S and M horizons were about 2 to
3% in most samples. Total sulfur values were consistently
below 0.1%. Phosphorus concentrations did not differ greatly
with sediment depth (Tables 5 and 6).

There were no consistent trends of change in concentrations of
major cations with respect to sediment depth (Tables 7 and 8).

Table 2. Concentrations of moisture, dry bulk density, pH, and
exchangeable acidity in soil cores from ponds at Mufioz,
Philippines. Entries are the averages and standard errors of
data from three ponds.

Depth  Moisture Dry Bulk pH Exchangeable
(cm) (%) Density (s.u.) Acidity
(g em™) (meq (100 g)™)
0-2 21538+3.82 037+001 717022 5.60+1.39
2-4 92.06+8.06 0.68+0.03 720£020 6.67+1.16
4-6 7726+481 076+0.03 7.27+0.18 7.20+1.39
6-8 7317+249 077+0.01 733+0.15 720+1.22
8-10 7112£2.04 083+0.03 732£0.13 5.60+046
1012  55.74+7.16 090+£0.05 727+0.09 6.40+0.92
12-14 56.78+2.86 094+0.04 720+£0.10 6.93+1.16
14-16  53.27+127 094+0.03 722+0.14 747+1.16
16-18 50.70+1.22 095+0.04 720+0.13 6.67+0.96
1820 49.45+195 096+0.05 723+0.07 5.87+0.96
2022 48.74+1.68 1.02+0.03 7.25+0.03 5.87+0.96
22-24 4533+231 1.00+0.05 7.28+0.04 5.33+0.71
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Table 3.  Profile for color in soil cores from ponds at Pirassununga and Chapeco, Brazil. Color values are given as standard Munsell Color Chart
Units.
Depth Pirassununga Chapeco
(cm)
Pond A59 Pond D20 Pond A61 Pond 1 Pond 2 Pond 3
0-2 10YR4/3 10YR 4/4 1G 2.5/10Y 10YR3/6 10YR3/3 10YR3/3
2-4 10YR 4/2 1G 4/10GY 1G 2.5/10Y 10YR3/3 10YR 3/4 10YR 3/3
4-6 10YR 3/2 1G 3/10GY 1G 3/10Y 10YR3/3 10YR 3/3 10YR3/2
6-8 10YR3/2 1G 3/10GY 1G 3/10Y 10YR2/2 10YR 3/4 10YR3/2
8-10 10YR4/1 1G 4/5G 1G 3/10Y 10YR3/2 10YR2/2 10YR3/1
10-12 10YR 4/1 1G 4/5G 1G 3/10Y 10YR3/2 10YR3/2 10YR3/2
12-14 10YR 4/1 1G 4/5G 1G 3/10Y 10YR2/2 10YR 3/3 10YR3/2
14-16 10YR4/1 1G 3/10GY 1G 3/10Y 10YR3/2 10YR2/2 10YR3/2
16-18 10YR 4/1 1G 3/10GY 1G 3/10Y 10YR3/2 10YR3/2 10YR3/2
18-20 10YR4/1 1G 3/10GY 1G 3/5GY 10YR3/1 10YR3/2 10YR3/3
20-22 75YR5/1 1G2.5/5GY 1G 3/5GY 10YR2/2 10YR3/2 10YR3/2
22-24 25YR5/1 1G 4/10Y 1G 3/5GY 10YR2/2 10YR3/2 10YR3/2
24-26 25Y5/1 1G5/10Y 1G 3/5GY 10YR3/2 10YR3/1 10YR3/2
26-28 1G5/N 7.5YR 4/4 1G 4/5GY 10YR3/2 10YR2/2 10YR3/2
28-30 1G4/N 1G 4/5GY 10YR3/2 10YR3/2 10YR3/2
30-32 1G 4/5GY 1G 3/5GY 10YR3/2 10YR3/2 10YR2/2
32-34 1G 3/10GY 10YR3/2 10YR3/2 10YR3/2
34-36 1G4/N 10YR3/2 10YR3/2
36-38 10YR 3/2 10YR3/2
38-40 10YR 3/2 10YR3/2
40-42 10YR 3/2 10YR3/2

10YR 4/3—brown; 10YR 4/2—dark grayish brown; 10YR 4/1—dark gray; 7.5YR 5/1—gray; 2.5YR— reddish gray; 2.5Y 5/1—gray; 1G 5/N—gray; 1G 4/N—dark gray; 1G 4/5GY—dark greenish
gray; 10YR 4/4—dark yellowish brown; 1G 4/10GY—dark greenish gray; 1G 3/10GY—dark greenish gray; 1G 4/5G—dark greenish gray; 1G 3/10GR—; 1G 2.5/5GY—greenish black; 1G 4/10Y—
dark greenish gray; 1G 5/10Y—greenish gray; 7.5YR 4/4—brown; 1G 2.5/10Y—greenish black; 1G 3/10Y—dark greenish gray; 1G 3/5GY—dark greenish gray; 1G 4/5GY—dark greenish gray; 1G
3/10GY—dark greenish gray; 10YR 3/6— dark yellowish brown; 10YR 3/3—dark brown; 10YR 2/2—very dark brown; 10YR 3/2—very dark grayish brown; 10YR 3/1—very dark gray; 10YR 3/

4—dark yellowish brown

However, concentrations of major cations were higher in
samples from the Philippines site than in those from the two
sites in Brazil. Concentrations of minor nutrients did not have
consistent patterns of change with sediment depth (Tables 9
and 10), but concentrations were within the ranges of those
found in other ponds sampled during this study (Boyd et al.,
1998; 1999; 2000; 2001).

Soil particle size analysis revealed a high percentage of clay in
sediment from all sites (Tables 11 and 12). All samples had clay
or silty clay as texture names (Tables 13 and 14).

Pond Bottom Soil Classification

A systematic procedure for classifying terrestrial soil, known as
soil taxonomy;, is widely used by soil scientists (Soil Survey Staff,
1994). Soil taxonomy uses data on soil physical and chemical
properties, but it also relies heavily on the appearance of the soil
profile. Terrestrial soil profiles develop over many centuries and
consist of several well-defined layers known as horizons. The
presence or absence of specific horizons, the thickness of
individual horizons, and the appearance and characteristics of
soil in different horizons are major factors in soil taxonomy.

When aquaculture ponds are constructed, one or more of the
upper horizons of the terrestrial soil is usually removed, and
subsoil is exposed to water when ponds are filled. The main
requirement is that soil for ponds consist of a mixture of
particle sizes and contain enough fine, clay-size particles to
resist seepage. Some references suggest that the soil should
contain at least 20 to 30% clay, but soils with only 5 to 10% clay
content can be used to construct ponds. However, as soon as a

Table 4. Profile for color in soil cores from ponds at Mufioz,
Philippines. Color values are given as standard Munsell
Color Chart Units.
Depth Pond 6B Pond 6G Pond 5F
(cm)
0-2 25Y4/2 25Y4/2 25Y4/1
24 25Y4/2 25Y4/2 25Y4/1
4-6 25Y5/3 25Y4/2 25Y4/1
6-8 25Y5/3 25Y4/2 25Y4/1
8-10 25Y5/3 25Y4/2 25Y4/1
10-12 25Y5/3 25Y4/2 25Y4/1
12-14 25Y5/3 25Y4/2 25Y4/1
14-16 25Y5/3 25Y4/2 25Y4/1
16-18 25Y5/3 25Y4/2 25Y4/1
18-20 25Y5/3 25Y4/2 25Y4/1
20-22 25Y5/3 25Y4/2 25Y4/1
22-24 25Y5/3 25Y4/2 25Y4/1

2.5Y 4/2—dark grayish brown; 2.5Y 5/3—light olive brown; 2.5Y 4/1—dark gray

pond is constructed, the characteristics of the pond bottom
begin to change. These changes result from erosion, sorting,
and sedimentation of particles from within or from outside the
pond and from the accumulation of organic matter. Pond soil
classification should be based primarily on the sediment that
accumulates in pond bottoms and is in direct contact with the
pond water rather than upon the original soil from which the
pond was constructed.

Initial efforts at describing sediment cores revealed that several
layers (horizons) were easily defined in ponds at Auburn



4 NINETEENTH ANNUAL TECHNICAL REPORT

Table 5. Concentrations of total carbon, total nitrogen, total sulfur, acid-extractable phosphorus, and water-soluble phosphorus in soil cores from
ponds at Pirassununga and Chapeco, Brazil. Entries are the averages and standard errors of data from three ponds.

Depth Total Carbon Total Nitrogen Total Sulfur Acid-extractable Water-soluble
(cm) (%) (%) (%) Phosphorus Phosphorus
(ppm) (ppm)
PIRASSUNUNGA
0-2 3.51 £0.04 0.08 £0.01 0.04 £0.01 13.47 £ 0.58 0.05+0.01
2-4 3.33+0.05 0.08 +0.01 0.04 +0.02 14.27 £0.35 0.07 +0.01
4-6 3.13+0.04 0.07 +0.01 0.05+0.01 15.20 £ 0.46 0.06 + 0.02
6-8 3.02£0.05 0.06 £0.01 0.04 £0.01 14.80 £1.51 0.07 £0.03
8-10 2.89+0.05 0.06 +0.01 0.04 +0.01 14.93 £ 0.96 0.07 +0.01
10-12 2.73+0.06 0.06 +0.01 0.02 +£0.02 15.87 £ 0.87 0.07 +0.01
12-14 2.28 £0.08 0.05+0.01 0.02 £0.02 16.67 £ 1.09 0.08 £0.01
14-16 2.49 +0.08 0.05+0.01 0.03 +£0.02 17.07 £1.96 0.10+0.02
16-18 2.15+0.06 0.04 +0.01 0.02 +£0.02 13.87 £1.96 0.09 +0.02
18-20 1.51+0.04 0.03+£0.01 0.02 £0.02 17.60 £ 3.21 0.09 £0.04
20-22 1.35+£0.06 0.03+0.01 0.01 £0.01 14.27 +2.87 0.09 +0.04
22-24 1.31 £0.06 0.03+0.01 0.02 +£0.02 16.93 £4.35 0.09 +£0.04
24-26 1.34+0.07 0.03+£0.01 0.01+£0.01 14.53 +£2.47 0.06 £0.03
26-28 1.12£0.06 0.03+0.01 0.03 £0.02 13.20 + 4.55 0.07 £ 0.04
28-30 1.21 +£0.04 0.03+0.01 0.03 +£0.01 13.07 £2.77 0.05+0.02
30-32 1.19+0.03 0.03£0.01 0.03 £0.01 12.67 £ 2.08 0.06 £ 0.02
32-34 1.38 £0.00 0.03+0.00 0.00 +£0.00 12.80 £ 0.00 0.09 +0.00
34-36 1.11 £0.00 0.02 +0.00 0.07 +£0.00 12.40 £ 0.00 0.10+0.00
CHAPECO
0-2 3.71+£0.32 0.09 £0.02 0.05 +0.02 14.93 +0.58 0.32 £0.04
2-4 3.46+0.20 0.08 £0.01 0.06 +£0.02 15.60 £ 0.83 0.32£0.05
4-6 3.22+0.15 0.07 £0.01 0.09 £0.01 13.87 £ 0.48 0.32 £ 0.05
6-8 3.07 £0.09 0.07 £0.01 0.06 +0.01 12.40 +2.84 0.27 £0.02
8-10 2.74+0.30 0.06 £0.01 0.07 £0.01 15.60 + 0.83 0.37 £0.05
10-12 2.73+0.37 0.06 £ 0.01 0.07 £0.01 15.07 £1.50 0.33 £0.07
12-14 2.68 £0.30 0.06 £0.01 0.05 +0.01 15.33 +2.31 0.29 +£0.04
14-16 2.42+0.28 0.05+0.01 0.05 +0.02 15.07 £ 0.87 0.30 £0.05
16-18 3.11 £ 0.67 0.06 £ 0.02 0.04 £0.01 15.60 = 1.85 0.24 £ 0.04
18-20 3.00 £0.63 0.07 £0.01 0.05 +0.01 15.33+0.35 0.30 £0.14
20-22 2.81+£0.66 0.06 £ 0.02 0.04 £ 0.01 14.13 £ 0.35 0.21 £0.03
22-24 290+0.71 0.06 £ 0.02 0.03 £0.02 1547 £1.27 0.23 £0.04
24-26 2.74 £ 0.60 0.06 £0.01 0.05 +0.01 17.60 + 1.67 0.21 £0.02
26-28 2.79 £0.60 0.06 £0.01 0.04 £ 0.01 15.20 +£ 1.40 0.21 £0.02
28-30 2.77 £ 0.64 0.06 £ 0.01 0.03£0.01 14.00 £1.40 0.19 £ 0.02
30-32 2.69 £0.59 0.06 +0.02 0.03 £0.01 14.93 +0.35 0.17 £0.03
32-34 2.65+0.64 0.05+0.01 0.03 £0.02 15.60 £ 0.61 0.14£0.01
34-36 2.74 £ 0.66 0.05+0.01 0.04 £0.01 14.80 £1.74 0.14 £ 0.02
36-38 2.33£0.59 0.04 £0.01 0.01+£0.00 14.60 + 1.14 0.12£0.01
3840 2.26£0.25 0.05+0.01 0.04 £0.02 12.80 £ 0.33 0.14£0.01
40-42 2.19+£0.30 0.05+0.01 0.04 £0.02 18.40 £ 0.00 0.12+0.01

Table 6. Concentrations of total carbon, total nitrogen, total sulfur, acid-extractable phosphorus, and water-soluble phosphorus in soil cores from
ponds at Mufioz, Philippines. Entries are the averages and standard errors of data from three ponds.

Depth Total Carbon Total Nitrogen Total Sulfur Acid-extractable Water—soluble
(cm) (%) (%) (%) Phosphorus Phosphorus
(ppm) (ppm)
0-2 2.84+0.36 0.09 +0.02 0.09 +0.01 15.20 £ 0.40 0.29+0.20
2-4 2.27+£0.25 0.07 £0.01 0.07 £0.00 13.73 £2.22 0.24£0.11
4-6 1.90+0.11 0.06 £ 0.01 0.06 £ 0.01 13.07 +1.79 0.24 £0.07
6-8 1.66 +0.10 0.05 +0.00 0.04 +£0.02 16.27 + 3.53 0.27 £0.08
8-10 1.60 +0.05 0.05+0.00 0.04 £0.01 1520 +4.33 0.29 £0.09
10-12 1.31£0.10 0.04 £ 0.00 0.03 £ 0.01 14.53 +2.28 0.22 +0.06
12-14 120+0.11 0.04 £0.01 0.04 +£0.02 1413 +1.62 0.19+£0.03
14-16 1.24+0.09 0.04 £0.00 0.05 +0.01 13.87 +1.92 0.21 £0.03
16-18 1.20+£0.12 0.05+0.01 0.02 £0.02 14.13 £1.50 0.16 £ 0.03
18-20 1.12+0.09 0.04 £0.00 0.04 +£0.01 15.87 +1.33 0.15+0.05
20-22 1.06 +0.06 0.03 £0.00 0.03 £0.01 17.33+£0.27 0.18 £0.05

22-24 0.94 £ 0.08 0.03 £ 0.00 0.02 £0.01 22.27 £ 6.67 0.18 £0.09
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Table 7. Concentrations of calcium, magnesium, sodium, and
potassium in soil cores from ponds at Pirassununga and

Chapeco, Brazil. Entries are the averages and standard errors

Table 8. Concentrations of calcium, magnesium, sodium, and
potassium in soil cores from ponds at Munoz, Philippines.

Entries are the averages and standard errors of data from

of data from three ponds. three ponds.
Depth Calcium Magnesium Sodium Potassium Depth Calcium Magnesium Sodium Potassium
(cm) (ppm) (ppm) (ppm) (ppm) (cm) (ppm) (ppm) (ppm) (ppm)
PIRASSUNUNGA 0-2 4,435 + 316 843 + 69 174+ 20 88+8
0-2 1,117 £ 262 253 +72 20+3 64+6 2-4 4,140 + 343 812+ 67 158 +17 68+5
2-4 1,028 + 208 251+73 17+£3 58+9 4-6 4,060 + 290 817 + 68 156 + 13 66+ 1
4-6 836 + 152 182 +49 15+2 45+5 6-8 4,173 + 286 810+ 71 162+ 11 64+3
6-8 891 +£138 211+43 13+£2 49+3 8-10 4,052 + 233 794 + 81 164 +13 66+3
8-10 913 £ 191 217 £ 55 12+1 49+7 10-12 4,052 + 182 800 + 87 164 + 15 67+6
10-12 953 + 202 227 + 57 13+1 45+7 12-14 3,886 + 228 819 + 88 166 + 11 68+7
12-14 927 + 261 217 +72 10+£1 41+9 14-16 3,955 + 280 820+ 94 159+ 11 67+6
14-16 1,026 + 293 236 + 85 10+£2 42 +11 16-18 3,822 + 299 822 + 98 158 + 10 68+7
16-18 1,966 + 731 303 + 165 11+1 37+10 18-20 3,850 + 369 837 £103 155+9 66 +7
18-20 1,476 + 335 251 +111 10+£2 33+9 20-22 3,654 + 334 858 + 118 155+ 13 716
20-22 1,100 + 321 229 + 104 8+1 33+10 22-24 3,691 + 441 874 +131 153+ 11 64 +8
22-24 1,010 £+ 255 219+ 78 7+1 3249
24-26 1,013 £ 362 272 + 80 8§12 32+10
26-28 973 + 377 226 + 100 8+1 28+8 ponds were derived from erosion on pond watersheds; erosion
28-30 827 £241 320+ 86 10+1 28+12 of pond bottoms and sides by wave action and water currents;
30-32 799 £232 253 + 47 811 2711 and organic matter from uneaten fish feed, organic fertilizer,
32-34 828 £0 441+0 6+0 14+0 and dead plankton. The sediment contained layers (horizons),
34-36 5440 2040 7£0 210 but horizons were not always as well-defined as those de-
CHAPECO scribed for ponds at Aub.urn University (Munsiri et. al., 1995).
0-2 2561 + 198 802 + 103 17 +1 127 +12 The F, S, M, T,~and P hOI‘lZOI’I.S could be discerned Vlsually,. and
74 2,465 + 184 808 + 104 15+2 109 + 10 dry bulk density tended to differ among ponds. Pond sediment
4-6 2,328 + 289 769 + 142 16+ 2 98 +8 tended to be a non-structured, fluid mixture of particles that
6-8 1,643 + 539 519 + 182 10+2 68+12 increased in bulk density and decreased in organic matter with
8-10 1,948 + 204 599 + 99 14£2 90 +7 increasing depth. Although the horizons described by Munsiri
10-12 1,894 +232 586 + 114 14+1 95+7 et al. (1995) could be easily identified, the appearance of these
12-14 1,706 + 126 523 + 65 14+1 93+8 horizons was similar among ponds, and the main visual
14-16 1,574 £23 494 +4 13+2 93+10 difference in sediment among ponds was sediment thickness.
16-18 1,559 + 89 509 + 22 12+1 93+5
18-20 1,457+ 46 486 + 33 12+1 95+7 Soil taxonomy relies on both visual differences and measurable
20-22 1,275 +22 413124 121 9% +7 differences in chemical and physical characteristics among soil
22-24 1,087 +55 346+14 1242 97 +8 e < paye &
24-26 1038 + 96 326 + 19 1141 98+5 profiles. Unfortunately, visual differences among pond soil
26-28 '993 +78 208 + 14 11+1 99 + 6 profiles were limited. Analyses of pond soils by Boyd et al.
28-30 945 + 41 269 + 12 10+1 95+5 (1994) and pond soil cores from ponds at PD/A CRSP sites
30-32 905 + 34 254 + 20 13+1 91+6 during the present study revealed large differences in chemical
32-34 864 +43 225+ 16 11+£1 86+8 and physical characteristics among ponds. However, aquacul-
34-36 1,541 £ 740 424 + 230 14+3 109 £33 ture was observed to be successful over a wide range of soil
36-38 813 +£101 2046 11+2 80+10 characteristics. Only a few soil properties are known to
38-40 767 £116 190 £17 11+4 77 £11 influence aquacultural production (Banerjea and Ghosh, 1967;
40-42 621+0 158+ 0 11+£0 58+0

University. These layers were defined by Munsiri et al. (1995)
as follows: F horizon, layer of flocculent material on the pond
bottom consisting of recent sediment; S horizon, well-mixed
sediment with high moisture content and low bulk density
(<03g cm3); M horizon, mature, stable, un-mixed sediment
with dry bulk density of 0.3t0 0.7 g cm3; T horizon, transition
layer; and P horizon, original pond bottom with bulk density
lessthan1g cm3. Chemical analyses revealed that a major
characteristic of the soil profile, at least in ponds constructed
on mineral soils, was a decrease in organic carbon with depth.
Also, there tended to be greater accumulation of nitrogen and
phosphorus in S and M horizons than in T and P horizons.

Data collected during the Eighth and Ninth Work Plans
showed that a sediment layer develops in ponds within a
period of only two or three years. Suspended solids settling in

Boyd, 1995), and pond soil classification should be based on
these properties. Thus, we abandoned our initial plan to apply
a modified system of soil taxonomy to aquaculture pond soil
classification in favor of a simpler classification system.

We prepared a classification system based on the following soil
properties: texture; sediment thickness; organic matter content;
carbon:nitrogen (C/N) ratio; pH and acidity; amount of sulfur;
amount of carbonate; and sodium content. The properties will
be considered as either primary or secondary ones. The
primary properties will be texture, sediment thickness, organic
matter, and pH, and the other variables will be secondary
properties. The condition of the flocculent layer (F horizon)
and the surface of the sediment also can be included in the
classification system as tertiary properties if desired.

Texture
Aquaculture ponds usually are located in mineral soils that
contain less than 5% organic carbon. A few aquaculture ponds
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Table9. Concentrations of iron, manganese, zinc, and copper in soil
cores from ponds at Pirassununga and Chapeco, Brazil.
Entries are the averages and standard errors of data from
three ponds.
Depth Iron Manganese Zinc Copper
(cm) (ppm) (ppm) (ppm) (ppm)
PIRASSUNUNGA
0-2 795 +11 253 £ 66 15+1 18+7
24 743 +71 251 +39 19+2 19+7
4-6 981 £ 69 182 +46 16+1 20+10
6-8 933 £58 211+41 16+1 23+9
8-10 941 +£28 217 £39 16+1 26+11
10-12 933 +31 227 £41 16+1 24+11
12-14 959 +41 217 +44 13+2 22+11
14-16 935 + 54 236 + 47 14+3 23+12
16-18 689 £193 303 £36 12+2 21+9
18-20 845+ 138 251 +£32 11+2 18+8
20-22 868 £ 138 229 £29 9+3 18+6
22-24 855+ 115 219 £26 8+3 16+5
24-26 781 +143 272 £26 7+3 14 +4
26-28 799 + 202 226 £29 7+3 1243
28-30 819 £ 61 320+39 8+3 20+12
30-32 850 £ 69 253 £39 7+2 18 +10
32-34 817 £0 441+0 6+0 710
34-36 1,022 +£0 204£0 5+0 11+0
CHAPECO
0-2 109 +49 802 £28 41+£3 12+4
24 99 +31 808 £ 51 44 +4 13+3
4-6 173 + 86 769 + 67 46 £2 17 +7
6-8 184 +29 519 £ 100 35+11 16+3
8-10 307 £ 56 599 + 44 44+5 26+3
10-12 377 £102 586 +42 4516 27+5
12-14 410+95 523 £39 42+5 30+3
14-16 454 + 36 494 +28 37+4 31+1
16-18 467 +£ 85 509 +31 34+1 29+1
18-20 442 +15 486 + 44 31+2 32+2
20-22 556 £ 71 413 + 64 27 +3 36+1
22-24 537 £ 49 346 £ 42 28+6 38+1
24-26 614 +£52 326 +27 27 +4 39+2
26-28 562+ 72 298 +£42 24+2 40+1
28-30 611 +£20 269 £ 50 21+5 40+£2
30-32 755+ 81 254 +55 21+6 40+£2
32-34 709 + 54 225+78 14+3 39+3
34-36 580 +277 424 +52 21+£10 29+11
36-38 812 +23 204 £57 10+1 40+1
3840 81772 190 + 30 9+1 37+1
40-42 784+0 158 +0 6+0 44+0

are built in organic soils, but such soils are not well suited for
aquaculture. In mineral soils, texture is important because light
texture (sandy or loamy) facilitates the exchange of dissolved
oxygen and other substances between water and sediment.
Also, when ponds are drained and their bottoms dried
between crops, light-textured soils dry quicker and aerate
better than heavier-textured soils. The system for assigning
texture of terrestrial soils using a soil triangle provides 12 soil
texture classes. Most of the soil texture classes given for
terrestrial soils are suitable for pond aquaculture, so such a
complex system is not needed. The following five soil texture
classes should be enough for aquaculture pond sediment
classification:

Clay > 60% clay
Clayey 30 to 60% clay
Loamy < 30% clay; < 60% sand

Table 10. Concentrations of iron, manganese, zinc, and copper in soil
cores from ponds at Mufioz, Philippines. Entries are the
averages and standard errors of data from three ponds.

Depth Iron Manganese  Zinc Copper
(cm) (ppm) (ppm) (ppm) (ppm)
0-2 44 +12 286 +103 35+1.6 1.6+05
2-4 46 +12 353 +£100 43+1.8 1.9+09
4-6 39+10 335+77 45+1.1 24+09
6-8 36+8 319+ 62 52+1.2 1.9+05
8-10 34+8 292 +45 53+09 20+04
10-12 35+9 312 +34 53+0.6 2.7+0.1
12-14 41 +11 399 + 67 56+0.6 3.7+0.5
14-16 40+7 379 + 56 57+0.6 3.3+09
16-18 63+14 513 +169 56+0.8 4.0+0.7
18-20 106+ 45 588 + 219 52+1.1 2.8+0.0
20-22 126+ 84 526 + 156 53+09 44+04
22-24 213+ 157 585+ 113 51+1.0 3.6+04
Sandy < 10% clay; > 60% sand
Sand > 90% sand

Sediment Thickness

Sediment thickness is a critical variable in pond manage-
ment because accumulation of soft sediment makes ponds
shallow, encourages anaerobic conditions at the sediment-
water interface, lengthens the fallow period for bottom
dry-out, traps sinking feed pellets, and interferes with
harvest (Boyd, 1995). Suggested categories for sediment
thickness are as follows:

Thin <5cm
Moderately thick 5 to 10 cm
Thick 11 to 25 cm
Very thick > 25 cm

Pond bottoms quickly become covered with sediment, so the
term sediment will be used instead of soil in the classification
system.

Organic Matter

Organic matter is a minor component of mineral soils, but it is
a major component of organic soils. Pond soils containing more
than 15% organic carbon will be considered organic soils.
Organic soils will be separated into three groups relative to
organic carbon content as follows:

Low 15 to 25% organic carbon

Medium 26 to 40% organic carbon

High > 40% organic carbon

Most aquaculture ponds are constructed in mineral soil of
low organic matter content, but as ponds age, organic
matter accumulates. Pond sediments can have too little
organic matter for optimum growth of benthic organisms,
or they may contain so much organic matter that anaerobic
conditions frequently develop in the pond bottom (Boyd,
1995). Pond sediment usually contains between 0.5 and 5%
organic carbon, and the optimum concentration is
considered to be 1 to 3%. Thus, the following categories are
suggested for organic carbon in sediment of ponds
constructed on mineral soil:

Low < 1% organic carbon

Moderate 1 to 3% organic carbon

High > 3% organic carbon
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Table 11. Profile for particle sizes in soil cores from ponds at Pirassununga and Chapeco, Brazil. Entries are the averages and standard errors of data
from three ponds.

Depth Pirassununga Chapeco
(cm)
Sand Silt Clay Sand Silt Clay
0-2 11.25+£3.70 38.27+3.99 50.48 + 1.56 16.93 + 4.02 42.49 +5.82 40.58 £2.01
2-4 14.94+4.42 35.43+5.88 49.63£1.76 14.07 £ 3.47 44.56 £ 0.80 41.36 £3.09
4-6 20.82+0.52 33.65+6.58 45.53 + 6.54 16.46 £ 3.73 4552 +1.17 38.03 £2.56
6-8 20.71+0.46 33.60 £ 5.55 45.69 £5.70 16.98 +£2.74 41.63 £1.53 41.39+£2.10
8-10 19.74 £3.53 37.57 £ 8.02 42.69£5.70 18.97 £ 4.59 35.84 +4.40 45.19+£2.93
10-12 18.22£1.97 36.61+6.74 45.17 £ 5.66 15.31+4.33 4242 +2.03 4227 +2.33
12-14 21.56 + 3.60 36.13 £ 3.65 42.31+6.93 11.50 £ 3.53 45.58 £2.20 42,92 £1.96
14-16 22.79+2.90 32.87+5.79 44.34 +4.83 10.16 £ 2.60 46.48 £3.12 43.36 £0.78
16-18 23.47 £ 6.68 36.07 £9.09 40.45 + 8.00 9.96 +3.64 44.48 +1.85 45.56 +1.84
18-20 27.95+6.73 30.91+8.10 41.14+1.86 9.19£2.39 44.07 £2.67 46.73 £0.43
20-22 37.70 £ 15.01 25.88 £ 11.05 36.41+6.22 8.62+1.84 45.32 £2.97 46.05+1.17
22-24 39.10+ 14.21 24.65+10.73 36.25+4.72 479+1.19 4691 +2.18 48.31+2.25
24-26 41.87£12.31 22.01+8.53 36.12+5.79 3.87£0.92 45.55 £ 0.63 50.57 +1.22
26-28 46.75 £ 8.28 18.35+5.40 34.89 +4.19 3.78£0.79 47.50 £2.42 48.72 £3.00
28-30 41.15+11.23 21.64 + 8.02 37.21+3.68 5.96 +2.45 47.86 +1.86 46.19 £4.25
30-32 47.99+12.19 19.04 £7.53 32.97 +4.68 571+1.11 45.30 £2.41 48.99 £1.30
32-34 59.79 £ 0.00 11.06 £ 0.00 29.16 + 0.00 6.90 £1.48 42,96 +1.48 50.15+1.12
34-36 41.31+0.00 20.29£0.00 38.40 + 0.00 748 +3.71 42.25+3.22 50.28 + 0.49
36-38 7.86+2.24 45.14 £3.65 47.00 £1.40
3840 11.07 £ 1.34 45.11+2.21 43.82 £0.87
40-42 12.55 £ 0.44 44.51+1.05 42,94 +1.49
Table 12. Profile for particle sizes in soil cores from ponds at Mufioz, Table 13. Profile for soil texture in soil cores from ponds at
Philippines. Entries are the averages and standard errors of Pirassununga and Chapeco, Brazil.
data from three ponds.
Depth Pirassununga Chapeco
Depth Sand Silt Clay (cm)
(cm)
0-2 Clay Silty Clay
0-2 13.20 £ 3.86 41.48+1.39 4532 +4.14 2-4 Clay Silty Clay
2-4 11.46 £3.75 42,50 £2.85 46.04 £2.66 4-6 Clay Silty Clay
4-6 10.59 £ 3.59 41.67 +3.14 47.73 +3.80 6-8 Clay Silty Clay
6-8 8.89 £3.27 46.99 +2.17 4412 +4.22 8-10 Clay Clay
8-10 9.43+2.97 42.49 +2.36 48.08 £3.10 10-12 Clay Silty Clay
10-12 9.13+2.88 4248 £2.33 48.39 £2.69 12-14 Clay Silty Clay
12-14 9.95 +2.46 41.59 £1.96 48.45+2.52 14-16 Clay Silty Clay
14-16 9.42+£2.25 42.08+1.79 48.51 +2.69 16-18 Clay Silty Clay
16-18 9.01+£1.94 41.11+1.85 49.88 +2.87 18-20 Clay Silty Clay
18-20 11.41+2.32 41.83 £3.24 46.76 + 4.87 20-22 Clay Silty Clay
20-22 13.44 £ 4.69 37.82+£0.28 48.75+4.42 22-24 Clay Silty Clay
22-24 16.33 +7.42 36.74 £ 0.38 46.93+7.10 24-26 Clay Silty Clay
2628 Clay Silty Clay
28-30 Clay Silty Clay
C/N Ratio 30-32 Clay Silty Clay
The C/N ratio can vary greatly in aquaculture pond soils, but 32-34 Clay Silty Clay
in most ponds the values will fall between 8 and 15. Ponds 34-36 Clay S}lty Clay
. . . 36-38 Silty Clay
with low C/N ratios tend to have highly decomposable 38-40 Silty Cla
organic matter, and anaerobic conditions at the sediment-water 40-42 Silty Clag
interface may be a common problem. At high C/N ratios, 40-44 Silty Clay
organic matter will decompose very slowly because of nitrogen 44-46 Silty Clay
deficiency. Three categories are suggested for C/N ratio:
Low <8
Medium 8to 15 with a high sulfide content are called acid-sulfate soils, for
High >15 when exposed to air, sulfide oxidizes to sulfuric acid. Soils with
Usually, C/N ratios above 20 are found only in organic soils. high sulfide content normally are found in coastal wetlands such
as mangrove forests or in former coastal wetlands. Some sulfidic
Acidity and pH soils also may be organic soils. Aluminum hydroxides and
Acidity in sediment is derived from two major sources: oxides occur in many soils, and aluminum ions occur on the

1) oxidation of sulfides and 2) exchangeable aluminum. Soils cation exchange sites of these soils. Exchangeable aluminum is
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Table 14. Profile for soil texture in soil cores from ponds at Muiioz,

Philippines.
Depth Soil Texture
(cm)
0-2 Silty Clay
2-4 Silty Clay
4-6 Silty Clay
6-8 Silty Clay
8-10 Silty Clay
10-12 Silty Clay
12-14 Silty Clay
14-16 Silty Clay
16-18 Silty Clay
18-20 Silty Clay
20-22 Clay
22-24 Clay

in equilibrium with aluminum ions in the pore water, and
hydrolysis of aluminum ions releases hydrogen ions in the
pore water. The greater the proportion of aluminum ions to
basic ions (calcium, magnesium, sodium, and potassium) on
cation exchange sites in sediment, the lower the pH. Although
the pH is related to the ratio of acidic to basic ions, the acidity
of soil is related to the total amount of exchangeable aluminum
in soil. Two soils may have the same pH because they have
equal ratios of aluminum ions to basic ions. However, if the
cation exchange capacity (CEC) of these two soils differs, the
soil with the highest CEC will have the greatest exchangeable
acidity. The need for lime in a soil is indicated by pH, but the
amount of liming material that must be applied to raise pH to
the desired level is a function of exchangeable acidity. Exchange-
able acidity is the most common type of acidity in soils, and
even acid-sulfate soils have exchangeable acidity. The sug-
gested categorization of soil based on pH contains seven classes:
Strongly acidic <4.0

Acidic 41t05.0
Moderately acidic 5.1 to 6.8
Neutral 69to7.1
Moderately basic 7.2 to0 7.9
Basic 8.0 to 8.9

Strongly basic >9.0

However, three classes should be adequate for exchangeable

acidity:
Low < 10 meq (100 g)*
Medium 10 to 30 meq (100 g)*
High > 30 meq (100 g)*

It is recommended that pond sediments be classified as
sulfidic if they contain more than 0.5% total sulfur. Sulfidic
sediment should be ranked according to sulfur content as
follows:

Low 0.5 to 1.0% total sulfur

Medium 1.1 to 2.0% total sulfur

High > 2.0% total sulfur

Carbonate and Sodium

A pH of 8 or above usually is found only in sediments
containing free carbonates or high concentrations of sodium
and potassium (alkali soils). Pond sediment can be categorized
based on the presence or absence of free carbonates. Three
levels of carbonate content should be recognized as follows:

Low < 1% CaCO, equivalent
Medium 1 to 10% CaCO, equivalent
High >10% CaCQO, equivalent

The pH of non-alkali soils containing carbonate usually will
not exceed 8.

The sodium content of soil affects soil texture and pH. Soils
with high concentrations of sodium relative to calcium and
magnesium concentrations tend to be dispersed and to have a
high pH. The sodium status of soil often is expressed as the
sodium adsorption ratio (SAR):

Na
[ (Ca-Mg)]™

where Na, Ca, and Mg are cation concentrations in meq kg'l.
The SAR can be used to divide soils into different classes with
respect to sodium status. When SAR exceeds 12, soil pH
usually will be above 8. Freshwater pond sediments usually
will have an SAR below 10, while brackishwater pond
sediments will have a higher SAR. There should be three levels
of SAR:

SAR =

Low SAR <10
Medium SAR 10 to 30
High SAR > 30

Flocculent Layer and Sediment Surface
The F horizon is more pronounced over some pond sediments
than others. The surface of the S horizon may be either reduced
or oxidized, and the thickness of the oxidized layer varies. The
depth of the F horizon and the degree of oxidation of the upper
part of the S horizon will change with time during the
aquaculture crop, so these properties change more rapidly and
more often than the other properties used in the classification
system. Nevertheless, for some purpose it will be useful to
include the thickness of the F horizon and the degree of
oxidation of the S horizon in pond sediment classification. The
following categories are suggested:
Thickness of F horizon - thin (< 1 cm); normal (1 to 3 cm);
thick (> 3 cm)
Degree of oxidation of S horizon - thin (< 2 mm); normal (2
to 10 mm); thick (> 10 mm)

Depth of Samples for Classification
Pond sediment composition changes with depth, and in many

sediment the levels of variables will change between horizons.
This should not present a problem in pond soil classification
because the classification system will be based on the charac-
teristics of the S horizon. The reason for selecting the S horizon
for classifying pond soils is that this layer is the first layer
below the soil-water interface and is the only layer in direct
contact with pond water. Exchanges of substances between
pond water and bottom soil occur in this layer. There usually is
no direct contact of pond water with the M, T, and P horizons
below the S horizon.

A transparent core tube can be used to secure samples, and the
S horizon can be identified and removed for analysis. The total
sediment depth, thickness of the F horizon, and oxidation
status of the sediment surface also can be obtained from
inspection of the core before the S horizon is removed.

Use of Classification System
The proposed system allows a pond sediment to be classified

using four primary and five secondary properties. There also is
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the option to use two tertiary properties if desired. Adoption of
a standardized way to indicate the levels of these properties for
a sample is essential, and for convenience, the indication of
levels should result in a sediment name. A name consisting of
words denoting levels of up to 11 properties would be very
long. The name can be shortened if words are used only for the
levels of the primary properties pH, organic matter, sediment
thickness, and organic status (organic or mineral). A pond
sediment could be described in words as an acidic, loamy, thin
sediment. As most pond sediments are mineral in nature, it is
not necessary to use the word mineral in the description. The
word organic must be included in the designation of a sedi-
ment that contains more than 15% organic carbon, e.g., a
moderately acidic, sandy, thick, organic sediment. The sedi-
ment name can be completed by providing, in parentheses and
after the primary descriptor words, abbreviations denoting
levels of secondary properties. The additional information
should be abbreviated as follows: OC = organic carbon;

CN = C/N ratio; EA = exchangeable acidity; CS = calcareous
sediment; SS = sulfidic sediment; SR = sodium adsorption
ratio. The degree of intensity—high, medium, or low—should
be indicated with the subscript h, m, or ], respectively. Using
the suggestions above, an example of a sediment name could
be an acidic, loamy, thin sediment (EA,; OC; CN_; SR)).
Because the word organic is missing, this name implies that the
sediment is of mineral nature even though the word mineral
does not appear as a descriptor. Also, the absence of the
abbreviations CS and SS reveals that the sediment is neither
calcareous nor sulfidic.

Where it is desired to use the tertiary properties, we suggest the
following abbreviations: F and S for F horizon and S horizon;
subscripts o and r indicate oxidized and reduced conditions,
respectively, at the surface of the S horizon; subscripts 1, m, and h
indicate thin, medium, and thick. These abbreviations should
follow the parentheses containing the secondary property
descriptors as follows: acidic, loamy, thin sediment (EA,; OC;;
CN,,; SR) F; S, or acidic, loamy, thin sediment (EA, ; OC; CN,;
SR) F, S o,m- 1 the first case, F, indicates a thin flocculent layer
and S denotes that the sediment surface is reduced. In the
second case, SO/m indicates that the sediment surface is oxidized
to a normal depth.

An example of the use of soil chemical and physical data to
classify and name a pond sediment is provided here. A sediment
has the following composition: clay, 45%; pH, 6.2; sediment
thickness, 24 cm; organic carbon, 2.1%; C/N ratio, 10; total sulfur,
0.11%; exchangeable acidity, 5 meq (100 g)‘1 ; free carbonate, 0%;
SAR, 5.5; F horizon = 5 cm; S horizon reduced at surface. The
name follows:

moderately acidic, clayey, thick sediment (EA; OC_; CN_;

SR)F,S..

Note, CS (calcareous sediment) and SS (sulfidic sediment) do
not appear as secondary properties because no free carbonate
was present and sulfur was below 0.5%.

Consider another example for a sediment with the following
composition: clay, 32%; pH, 3.5; sediment thickness, 8 cm;
organic carbon, 17%; C/N ratio, 32; total sulfur, 2.1%;
exchangeable acidity, 14 meq (100 g)'l; free carbonate, 0%; SAR,
7; F horizon = 1 mm; sediment surface oxidized to 5 mm depth.
The name follows:

strongly acidic, clayey, moderately thick, organic sediment

(EA_; OC;CN,;SS;SR) F, So,m'

h

Note, CS does not appear because there was no free carbonate
in the sediment.

We plan to present this pond classification system in a
scientific journal. We hope the procedure described above, or a
slight modification of it, will be adopted as a standard proce-
dure in pond aquaculture.

ANTICIPATED BENEFITS

This research has demonstrated three important points about
pond sediments:

1) Reactions between pond soil and pond water occur
primarily in the upper 2 to 10 cm layer.

2) Low pH, high acidity, and elevated organic matter
concentration in surface sediment appear to be the most
common chemical problem with pond soils.

3) Accumulation of soft sediment in ponds is the most
common physical problem with pond soils.

These observations suggest that soil management in ponds
should focus on liming—to reduce acidity and increase pH—
and drying of bottoms between crops. These two procedures
can enhance the degradation of organic matter and improve
soil quality. Also, soft sediment should periodically be
removed from the deep areas of ponds. It is anticipated that
these findings will greatly improve pond soil management
procedures.

The research also provides a method of pond sediment classifi-
cation. It is anticipated that this method, or a refinement of it,
will become the standard procedure for describing aquaculture
pond sediment. A uniform method of describing pond soils will
be beneficial in describing soils from different areas. The
information provided by the sediment name also will serve to
indicate the type of bottom soil management needed.
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ABSTRACT

An experiment was conducted for 180 days at Sagana Fish Farm, Kenya, to evaluate the performance of two formulated pellet
feeds and a locally available rice bran. A polyculture of Oreochromis niloticus and Clarias gariepinus in fertilized tropical ponds
was used. Twelve 800-m? ponds were used, and each pond was limed at a rate of 20,000 kg ha™! and stocked at a rate of

19,375 ha! with sex-reversed male O. niloticus and 625 ha™! with C. gariepinus. The fish were fed daily at a rate of 2% body
weight. Two formulated diets were compared with rice bran in three treatments that were replicated four times. The
composition of the diets was as follows: Pig finisher pellet (PFP): crude protein 12.5%, lipids 10.9%, crude fiber 15.1%; Rice
bran (RB): crude protein 6.5%, lipid 10%, crude fiber 37.9%; Test diet pellet (TDP): crude protein 12.5%, lipid 13.1%, crude fiber
14.1%. Diammonium phosphate (DAP) and urea were used at rates of 8 kg P hal wk™ and 20 kg N ha! wk™, respectively. After
one month urea input was reduced from 2.7 to 2.2 kg pond™! to allow for the nitrogen contributions from the feed and to
maintain the inputs at 35 kg N ha™ wk! in the ponds. Water quality analyses showed no significant differences (P > 0.05)
among treatments in the parameters measured. Exceptions were alkalinity, pH, and dissolved oxygen (DO), which were
significantly (P < 0.05) different among treatments. The lowest dawn DO level (0.9 mg 1) was recorded in the PFP treatment,
while the highest afternoon value (9.9 mg 1") was recorded in the RB treatment. The lowest pH value of 7.9 was recorded in
PFP, while the highest value (8.3) was recorded in the RB treatment. The overall range of monthly mean total alkalinity was
98.0 to 118.8 mg CaCO, I, and the lowest value was observed in the RB treatment. The phytoplankton community was
dominated by green algae in the beginning of the culture period but later by the blue-greens towards the end of the experi-
ment. The overall mean diversity index of phytoplankton was 0.7, and values were not significantly different (P > 0.05) among
treatments. Gross primary production ranged from 0.1 to 11.5 g C m™ d'1. However, the values were also not significantly
different (P > 0.05) among treatments. The RB treatment gave significantly (P < 0.05) lower values in fish growth rate and
annualized net fish yield (0.69 g d"! and 5,000 kg ha™,, respectively) than both PFP (1.17 g d"!and 9,298 kg ha™, respectively) and
TDP (1.15 g d"' and 8,828 kg ha!, respectively). The feed conversion ratio was highest in the RB treatment. There were no
significant differences (P > 0.05) in survival rates and relative condition factors among the treatments. Profitability analysis by
using partial and enterprise budgets revealed that locally available pig finisher pellets were the most profitable followed by
rice bran at the local market price of US$1.17 kg™ fish. At a higher price of US$1.56, PFP would still be the best choice, followed
by TDP, while RB would be the least profitable. The net returns were positive for all the treatments. However, RB had the
lowest break-even price and the least investment cost.

INTRODUCTION wide range of materials that are available as food (Maitipe and
De Silva, 1985).

Tilapia farming in tropical and subtropical developing
countries is practiced at either extensive or semi-intensive The semi-intensive culture of tilapias is particularly ideal in
levels. The extensive culture of fish is undertaken mostly developing countries because it provides a wide variety of
by cash-poor farmers, while semi-intensive culture is options in management and capital investments. Management
practiced on a more commercial scale. The suitability of strategies in the lower levels of intensification involve the use
tilapia for culture revolves around its ability to tolerate a of fertilizer to encourage natural productivity and to improve
wide range of environmental conditions as well as utilize the levels of dissolved oxygen (DO). Fish yields from such
food from the lowest trophic level and the detrital food chain techniques have been found to be higher than those from
(Moriarty and Moriarty, 1973; Bowen, 1979, 1982). The fish also natural unfertilized systems (Hickling, 1962; Hepher, 1963;
displays high plasticity in its food habits, thus accepting a Green, 1992; and Diana et al., 1994a). Moreover, increases in

11
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fish yields above those attained by fertilization only require the
use of feed-fertilizer combinations, which result in higher
critical standing crop (CSC). This increment occurs either by
allowing for an increase in fish size or a higher stocking rate
(Hepher, 1978). The fertilizer-feed management technique
boosts fish yields but also offers the possibility of reducing
feed inputs (Teichert-Coddington and Rodriguez, 1995). Diana
et al. (1994a) demonstrated that when fish were fed on half
ration and full ration in fertilized ponds, the yields were
similar in both treatments, indicating that the feed inputs could
be reduced by as much as one-half.

A wide range of materials have been utilized as feed supple-
ments in Nile tilapia farming, including single ingredients
(Binh et al., 1996). The role of a single ingredient as a feed
supplement in fish production is determined by the quality,
quantity, and availability of its nutrients to fish. Cottonseed
meal, for example, has a higher protein content and is a more
efficient fish producer than rice bran. To achieve a higher
production than that achieved with single ingredients,
formulated feeds have been utilized in semi-intensive culture
of Oreochromis niloticus (Diana et al., 1994b). Formulated diets
produce significantly higher fish yields than single ingredients
(Binh et al., 1996). Besides the improved quality, complete
feeds provide some micronutrients that enhance fish produc-
tion (Binh et al., 1996). However, formulated diets for fish in
Kenya have not been adequately developed. Moreover, the few
that are available are of questionable quality in addition to
their high cost. Diets formulated for other domestic animals,
however, are cheaper and readily available. Therefore, there is
a need to evaluate the performance of these feeds as possible
alternatives.

The performance of a diet in fish culture depends on the
quantity and quality of the feed as well as its effects on water
quality. Water quality is inversely related to the amount of feed
inputs (Boyd, 1990). Un-ionized ammonia and dissolved
oxygen (DO) are the two most critical water quality parameters
that may depress fish growth, even though the supplemental
feed may be of high nutritional quality. Ammonia toxicity is
dependent on the pH of the water (Trussel, 1972). Therefore,
diurnal pH variation may affect fish yields significantly. A
complete evaluation of the performance of a supplemental feed
should therefore include evaluation of the concomitant
responses of the water quality variables.

This study was conducted to evaluate the performance of

two formulated diets in fertilized ponds for polyculture of

O. niloticus and Clarias gariepinus. Locally available pig finisher
pellets (PFP) and specially prepared formulated test diet
pellets (TDP) were compared with the widely used rice bran
(RB). PFP were selected because they are less expensive than
poultry pellets, and previous trials indicated that they were
just as effective as poultry pellets. TDP were formulated to
contain about 20% crude protein. The effects of these supple-
mental diets on water quality variables were also monitored.

METHODS AND MATERIALS

Twelve 800-m? ponds were stocked with male sex-reversed

O. niloticus at a rate of 19,375 fish ha! and an average weight of
89.3 g. C. gariepinus was introduced at a stocking rate of

625 fish ha! and an average weight of 331.7 g as a predator in
tilapia culture to control any breeding. The ponds were
divided into three treatments with four replicates each. Ponds

were randomly assigned the following diets: locally available

PFP containing 14% protein, TDP formulated by using cotton-
seed cake and maize as the major components and containing
20% crude protein, and locally available RB with 6.5% protein.

The fish were fed at a rate of 2% body weight per day (BWD),
equally divided between morning and afternoon feedings.
Sampling was done fortnightly by seining to determine the
average weight of the fish and adjust the feed accordingly. The
experiment was run for 180 days. The TDP and PFP were
manufactured by the same company. The ponds were fertilized
with urea and diammonium phosphate at weekly doses of

20 kg ha™ wk! nitrogen and 8 kg ha™ wk'! phosphorus.

Samples for pond water quality parameters were taken from
three points in each pond by using a column sampler (Boyd
and Tucker, 1992). The three samples were pooled into one.
Water quality parameters analyzed include total nitrogen (TN),
total ammonia nitrogen (TAN), total phosphorus (TP), total
alkalinity (TA), dissolved reactive phosphorus (DRP), nitrate-
nitrogen, nitrite-nitrogen, and total hardness (TH). All the
parameters were analyzed as described in Standard Methods for
the Examination of Water and Wastewater (APHA, 1980). Temper-
ature and DO measurements were taken at 25-, 50-, and 75-cm
depths, and the values were used in the calculations of
phytoplankton primary productivity.

Partial and enterprise budgets were used to compare the
relative profitability of the diets and their combinations. All
costs were converted to monetary values, and the net returns
to investments were determined. The analysis was based on
the local market prices and expressed in US$ (US$1 = KSh 77).

Data from the experiment were subjected to single classifica-
tion analysis of variance (ANOVA) using the Statgraphics
program. Significant differences were judged at an alpha of
0.05.

REesuLTs

The growth curves for O. niloticus for the entire culture period
are illustrated in Figure 1. Separation of treatments became
apparent during the first 20 days of culture. After 170 days of
culture the curves for all the treatments had leveled off,
indicating that the carrying capacity had been reached. The
growth of fish fed PFP leveled off at an average weight of
364.5 g, while those fed TDP and RB leveled off at lower
average weights of 335.2 g and 231.9 g, respectively.

380 -
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3301 --&- Test Diet Pellets
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Weight (g)
= NN
o W ®
S S S

80 100 120 140 160 180 200
Time (d)

0 20 40 60

Figure 1. Growth of O. niloticus fed three supplemental diets during a
180-d experiment in earthen ponds at Sagana Fish Farm,
Sagana, Kenya.
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All three diets contained lower protein levels than expected.
RB, which previously tested at 11% crude protein (CP)
(Veverica et al., 1999), was analyzed and found to contain only
6.5% CP. The PFP was advertised as containing 14% CP but
tested at only 12.5% CP. The TDP contained three types of
oilseed meal, making up over 30% of the ingredients, but still
tested at 12.5% CP.

The results of tilapia performance in various supplemental
diets are summarized in Table 1. There were significant
differences (P < 0.05) in growth rate of O. niloticus among
treatments, with fish in PFP and TDP treatments having
similar but higher growth rates (1.17 and 1.15 g d°, respec-
tively) than those in the RB treatment (0.69 g d'!). Survival
rates varied among ponds but were not significantly (P > 0.05)
different among treatments. The net yields and average
weights showed trends similar to those for growth rates, with
PFP and TDP having similar yields of 9,298 and 8,825 kg hal yr'l,
respectively, and RB with a significantly (P < 0.05) lower value
of 5,000 kg ha! yrl. Fish in PFP and TDP had statistically
similar (P > 0.05) final average weights (325.1 and 313.9 g,
respectively).

Although the harvest weight, growth rate, and annualized net
fish yields were similar in the PFP and TDP treatments for
O. niloticus, these variables differed significantly (P < 0.05)
among the three treatments for C. gariepinus (Table 2). The PFP

treatment was the best, while RB recorded the worst perform-
ance in these variables for the latter species. The mean indivi-
dual growth rate of C. gariepinus was faster than that of

O. niloticus in all the treatments. Overall production figures (for
all fish—O. niloticus and C. gariepinus) are shown in Table 3.

Water quality parameters varied among and within treatments,
but most of the parameters were not significantly different
except for TA, DO, and pH. The TDP treatment had signifi-
cantly (P < 0.05) higher TA values than PFP and RB, while the
latter two had statistically similar values. Mean water temper-
ature and pH ranged from 24.3 to 28.9°C and from 7.9 to 8.3,
respectively. The pH values were significantly different

(P < 0.05) among treatments. The dawn DO was lower than the
afternoon value in all the treatments and differed significantly
(P < 0.05) among treatments (Table 4). The highest pH values
were recorded in the RB treatment, while the lowest values
were recorded in the PFP treatment. Total hardness was
slightly lower than total alkalinity in all treatments.

Minimum DO levels were significantly (P < 0.05) different
among treatments, with the highest value (1.70 mg O, 1)
recorded in the RB treatment. PFP had significantly (P < 0.05)
the lowest value (0.92 mg O, 1), while the TDP value
(1.26 mg O, I') was intermediate. The value for TP was also
high (1.21 mg 1"") in the RB treatment but not significantly

(P > 0.05) different from the other treatments.

Table 1.  Stocking, harvest size, condition factor, fish growth, survival, gross fish yield, net fish yield, and net annualized production of
O. niloticus with different feed treatments (mean + standard error).

Parameter Treatment
Rice Bran Pig Finisher Pellets Test Diet Pellets

Stocking Size (g) 89.5 £1.87° 88.9 £2.53° 89.6 + 0.37°
Harvest Size (g) 218.5 +8.27° 325 £ 10.19" 314 + 165
Relative Condition Factor 0.9 +0.19° 1.0 £0.15° 09+0.16°
Growth Rate (g d™) 0.9 +0.06° 12 +£0.13° 1.2+0.10°
Survival (%) 90.8 +1.48° 88.1 £2.94° 90.1 +£2.30°
Gross Yield (kg ha™) 4100 = 173° 5,823 + 350" 5,746 + 224°
Net Yield (kg ha") 2,366 + 148° 4101 +323° 4,010 = 225°
Net Annualized Production (kg ha™ yr™) 4,731 +297° 8,202 + 647" 8,020 + 451"

Note: Values followed by the same superscript in a row are not significantly different.

Table 2.  Stocking, harvest size, condition factor, fish growth, survival, gross fish yield, net fish yield, and net annualized production of

C. gariepinus in different feed supplements (mean + standard error).

Parameter Treatment

Rice Bran Pig Finisher Pellets Test Diet Pellets
Stocking Size (g) 333 +19.1° 326 +19.9° 336 +12.5°
Harvest Size (g) 602 +47.1° 1,148 £ 55° 1,031 £75.0¢
Growth Rate (g d™) 15+0.27° 4.6 £041° 39 +042¢
Survival (%) 925 +3.6% 104 £ 6.7° 95.0 +9.85°
Gross Fish Yield (kg ha™) 349 +32.9° 752 £93.0° 612 +78.5°¢
Net Fish Yield (kg ha™) 138 +29.1° 548 +104.8° 402 +£81.0°
Net Annualized Production (kg ha™ yr™) 275 £ 58.0° 1,097 +210° 805 +162.0¢

Note: Values followed by the same letter in a row are not significantly different.
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TN ranged among treatments between 4.9 and 5.6 mg 1"}, but
the values were not significantly different. Mean gross primary
productivity was also not significantly different (P > 0.05)
among treatments and varied between 4.8 and 5.7 g C m2d7l.
However, the range between individual ponds was high, with
minimum and maximum values of 0.1 and 11.6 g C m2d1!
recorded during the study. Similarly, chlorophyll 2 did not
show significant differences among treatments, and the mean
range was 133.6 to 176.8 mg m? (Table 4).

The results of partial and complete enterprise budgets shown
in Table 5 indicate that PFP and fertilizer was the most
profitable treatment for O. niloticus and C. gariepinus polycul-
ture. It was followed by RB at a price of US$1.17 for fish under
300 g. However, when fish above 300 g were valued at
US$1.56, RB was the least profitable. PFP gave significantly
higher returns than RB and TDP but had a break-even price
similar to that of RB. TDP had the highest break-even value
among all the treatments. Feed and fertilizer together cost
US$0.42, 0.23, and 0.51 kg™! of fish produced for PFP, RB, and
TDP, respectively.

DiscussioN

The results of this study demonstrate that the use of formulated
supplemental feeds is more efficient than single ingredient

supplements, further illustrating the potential for expansion of
semi-intensive management practice.

The CSC was reached in less than 20 days after commencement
of the present experiment, when differences in growth rates of
fish between the formulated diets and rice bran were observed.
O. niloticus has been shown to reach the CSC during the first
month of culture and at a size of 30 g (Diana et al., 1991). Diana
et al. (1994b) observed differences in growth rates during the
first month of culture of O. niloticus that was stocked at a size
of 10.1 g. During an experiment that utilized staged feeding
(Diana et al., 1996), fish growth differentiated soon after the
first feeding was initiated. This differential growth rate
occurred at a size of 50 g, indicating that the CSC had already
been reached at that level of fertilization. In the present
experiment, fish were stocked at average weights of 89.3 g, and
separation occurred in fewer than 15 days of culture, suggest-
ing that the CSC may have been exceeded at the time of
stocking. This observation supports the evidence suggesting
early achievement of CSC for O. niloticus (Diana et al., 1994a).

Supplemental feeding with formulated feeds resulted in much
more rapid growth of O. niloticus than did supplemental
feeding with a single ingredient. The two formulated feeds
gave similar growth rates and yields that significantly differed
from that of rice bran. Fish in the RB treatment recorded a

Table 3. Overall gross fish yield, net fish yield, net annualized production, and apparent feed conversion ratios for the O. niloticus/C. gariepinus
polyculture with different feed treatments (mean * standard error).

Parameter Treatment
Rice Bran Pig Finisher Pellets Test Diet Pellets
Gross Fish Yield (kg ha™) 4,448 + 163.0° 6,575 + 325.0° 6,359 £215.0°

Net Fish Yield (kg ha™) 2,503 + 148.0°

4,649 + 309.0°

4,412 +221.0°

Net Annualized Production (kg ha™ yr™) 5,006 +295.0° 9,298 + 617.0° 8,825 +443.0°
Apparent Feed Conversion Ratio 5.1+0312 3.4 +0.24° 3.5 +0.18°

Note: Values followed by the same superscript in a row are not significantly different.

Table 4. Water quality parameters (mean * standard error).
Water Quality Parameter Treatment

Pig Finisher Pellets Rice Bran Test Diet Pellets

Dissolved Oxygen, dawn (mg 1") 0.9 + 0.05° 1.7 £0.05° 1.3+0.05°¢
Dissolved Oxygen, afternoon (mg 1") 8.4 +0.17° 9.9 +0.18° 9.1+0.18°¢
Temperature (°C), dawn 24.6 +0.05° 24.3 £0.05° 244 +0.05°
Temperature (°C), afternoon 28.1 £0.43° 28.9 +£0.44° 28.2 +0.45°
Alkalinity (mg CaCO,1%) 108.5 + 3.84° 98.0 +3.84° 118.8 + 3.84°
Total Hardness (mg CaCO, 1) 88.7 +5.98° 95.1 +7.72° 107.8 + 6.68°
Primary Production (g C m?) 4.82+1.50° 55 +1.95° 57+271°
Total Ammonia Nitrogen (mg 1) 0.9 +£0.08° 1.0 £0.10° 0.9 £0.09°
Total Phosphorus (mg 17) 1.0+ 0.10° 1.2 +0.13° 09 +0.12°
Total Nitrogen (mg 17) 5.6 +0.44° 49 +0.57° 52 +0.49°
Total Suspended Solids (mg1") 2559 + 110.14° 255 +85.57° 278.1 + 103.50°
Chlorophyll a (mg m?) 176.81 + 6.81° 133.60 +16.81° 163.1 + 16.81°
pH 7.9 +0.06° 8.3 +0.06° 8.0+0.06°

Note: Values followed by the same letter in a row are not significantly different.
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Table 5. Economic comparison among three experimental diets with interest rates at 24% per annum (US$1 = KSh 77).
Item Unit Treatment
Pig Finisher Pellets (PFP) Rice Bran (RB) Test Diet Pellets (TDP)

Gross Revenue US$ 7,685° 5,199 7,433°
Variable Cost Us$ 5,761° 3,880° 6,293°
Income above Variable Cost US$ 1,924° 1,319¢ 1,140°
Fixed Cost Us$ 431.6° 431.6° 431.6°
Total Cost Us$ 6,192.6° 4,311.6° 6,724.6°
Net Return Us$ 1,492.9° 874.1° 708.4°
Break-Even Yields kg 5,821° 4,182% 6,791°
Break-Even Price (Variable Cost) Us$ 0.88* 0.87% 0.99"
Break-Even Price (Total Cost) Us$ 0.94* 0.97° 1.06°

Note: Values followed by the same letter in a row are not significantly different.

growth rate of 0.68 g d, while fish in the PFP and TDP
treatments recorded growth rates of 1.17and 1.15 g d?,
respectively. The values obtained in the present study for PFP
and TDP are similar to the 1.17 g d?! growth rate obtained with
the same species based on fertilization alone, but are lower
than the value of 3.10 g d! observed with feed and fertilizer in
Thailand (Diana et al., 1996). Green (1992) obtained a value of
203 g d!in Honduras using feed and fertilizer. The differences
in the growth rates between these studies may be attributable
to temperature differences between regions and the use of
manure (Green, 1992), which has been shown to produce
higher fish yields than chemical fertilizers.

Rice bran (6.5% CP) in the present experiment recorded a net
annualized fish yield of 5,000 kg, which is slightly lower than
the 5,319 kg recorded for the same bran (11% CP) by Veverica
et al. (1999). The way rice bran is processed greatly affects its
quality. During periods of scarcity of rice bran, some traders
mix rice bran with rice hulls, thus lowering its quality. It is
therefore possible that the variability of the quality of rice bran
contributed to the slightly lower yields observed in the present
experiment.

While working on defatted loose and pelleted rice bran in
Arkansas, Perschbacher and Lochmann (1995) recorded yields
of 6,128 and 6,316 kg hal, respectively, in fertilized ponds.
Despite differences in the CP content of the two materials

(13 and 18%, respectively), these yields were not significantly
different. Although the protein contents of brans differed
markedly within a country, fish yields showed only a slight
difference. The more than one tonne increase in fish yields
between Kenya and Arkansas could be attributed to the
temperature differences under which these experiments were
conducted and possible strain growth rate differences.

Diana and Lin (1998) obtained values close to 6,600 kg ha! yr!
with chemical fertilization alone in Thailand, which are slightly
higher than values reported for the rice bran and fertilizer
combination in this study. These observations suggest that rice
bran, which has a very high level of crude fiber, may be acting
merely as a fertilizer rather than as a feed.

Single ingredients are of relatively inferior quality compared to
formulated diets. The net annualized fish yields of 9,300 and
8,800 kg ha! for PFP and TDP, respectively, in the present

experiment were much higher than that recorded for the RB
treatment (5,000 kg ha). The present values for the formulated
diets fall within the range obtained in other studies. Diana et
al. (1994b) obtained values between 8,400 and 11,600 kg ha™! yr!
in a fertilizer and supplemental feeding combination fed at
50% ad libitum. The values in the present experiment can be
considered to be similar to the range above if the variability
normally observed within treatments is taken into account.

Pond water in the RB treatment had lower alkalinity than in
the formulated diet treatments. Long-term increases in
alkalinity in ponds treated with organic matter has been
associated with the release of carbon dioxide from the decom-
posing organic material (Knud-Hansen, 1998). The rice bran
used in the present study had very high levels of crude fiber
(37.9%) and therefore would be decomposed at a much slower
rate than formulated feeds with low levels of crude fiber (14 to
15%). Rice bran residues were observed on the bottom mud
after harvest and draining of the ponds. The rice bran residues
contained some carbon, which would have been converted into
carbon dioxide to boost the alkalinity through the carbonate
equilibrium (Boyd, 1990). Furthermore, since the fish in the RB
treatment grew at a slower rate than those fed the formulated
diets, the input of organic matter was less in the RB treatment
than in the formulated diets. This provides a plausible explana-
tion for why pond water in the RB treatment had lower
alkalinity than in the other treatments.

Primary production and other water quality parameters that
affect fish performance were not significantly different among
treatments in the present experiment. However, dawn DO
levels were lowest in the PFP treatment. Despite these low
levels, the treatment was the best performer, indicating that the
low oxygen levels did not significantly affect fish growth.
Therefore, the differences in fish growth can mainly be
attributed to the quality of the diets offered. This observation
also provides further evidence on the ability of O. niloticus to
tolerate low DO levels. Formulated diets contribute more to
the growth of fish than do single ingredients (Cao et al., 1998).

The PFP diet was formulated to contain 14% CP, while the TDP
were formulated to contain 20% CP. Actual laboratory analysis
indicated CP levels of 10 and 11% for PFP and TDP, respec-
tively. The yields from these diets were similar despite their
differences in cost.
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Net returns were positive for all diets but varied among
treatments. Pig finisher pellets were more profitable as a
supplemental feed than rice bran and test diet pellets. Rice
bran and pig finisher pellets had lower break-even prices than
test diet pellets, while rice bran required the least operational
cost. Although the test diet pellet resulted in similar yields to
the pig finisher pellet, the break-even price for the former was
higher. This difference occurred as a result of the high cost of
fish diets compared to domestic animal diets. This study
revealed that formulated diets produce higher fish yields than
single ingredients and that locally available pig finisher is
more cost-effective than specially prepared diets for O. niloticus
and C. gariepinus polyculture.

ANTICIPATED BENEFITS

The development of cost-effective feeding and fertilizing
strategies and the identification of economical feeds for use in
aquaculture in Africa should increase the profitability of fish
farming in the region and stimulate commercial aquacultural
enterprises. Testing of pond management strategies that are
locally and regionally practicable is required to identify those
that are most cost-effective; such testing may require a number
of sequential experiments using different feeds and fertilizers.
This experiment and the previous Feeds and Fertilizers studies
conducted at Sagana Fish Farm (8KR3 and 8KR3A) constitute
two steps in such a testing program, and both have produced
valuable results in the effort to develop cost-effective manage-
ment strategies for Kenya and East Africa. Collaboration with
local feed manufacturers and testing of already available feeds
such as the pig finisher pellet can lead to viable partnerships
with private enterprises and the development of cost-effective
feeds for tilapia. The production of natural food organisms in
feed-fertilizer management practices is often highly variable
among sites. The need to evaluate this more intensive fish
production practice and the results of experiments like this one
under different environmental conditions may stimulate future
intraregional collaboration.
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ABSTRACT

Stable carbon and nitrogen isotopes were used to obtain estimates of the contribution of natural and supplemental feeds to the
nutrition of Oreochromis niloticus in ponds (free-swimming or caged) receiving different inputs in Sagana, Kenya. Three dietary
treatments were employed in the pond study: 1) the test diet; 2) a pig finisher diet; and 3) a rice bran diet. Feeding rates and
fertilization regimes are detailed in the report for 9FFR2. For isotope analysis, samples of Oreochromis (free-swimming and caged)
and plankton were taken from ponds in Sagana three times (January, March, and May) during the study. The carbon and nitrogen
isotope ratios of the diets were analyzed once. Modest fish growth during the study on all dietary treatments (the fish acquired

< 50% of their final weight between January and May) limited the application of the stable isotope technique for determining the
relative assimilation of plankton and the different diets. The patterns of change in the 3'*C and 8'°N of free-swimming and caged
Oreochromis and plankton over time and their possible interpretation were described within and between treatments.

INTRODUCTION

Stable carbon and nitrogen isotope analyses are useful
techniques to obtain quantitative estimates of the relative
contributions of different food sources to the nutrition of
aquatic animals in ponds (Schroeder, 1983; Anderson et al.,
1987; Yoshioka et al., 1989; Lochmann and Phillips, 1996;
Lochmann et al., 2001). Presumably, isotope ratios of the fish
will resemble those of the food(s) they assimilate most. The
carbon isotopes are used to delineate the directions of carbon
flow throughout a food web, and the nitrogen isotopes can be
used to indicate the trophic level of different organisms in a
pond. The double tracer technique is usually more powerful
than the use of a single isotope in determining patterns of
nutrient flow in aquatic systems, particularly when organisms
of multiple trophic levels are present. In this study stable
carbon and nitrogen isotope ratios of diets and plankton were
compared to those of Oreochromis (free-swimming in ponds or
confined to cages in the same ponds). Although Clarias was
included in the study as a predator, insufficient data were
collected on this species to determine its nutrient sources
during the study. The caged Oreochromis did not receive any
prepared feed and were expected to consume mostly plankton,
while the free-swimming fish in the same pond had access to
both an artificial input (one of the three diets) and plankton.
A comparison of the stable carbon and nitrogen isotope ratios
(8"3C and 3N, respectively) between the two groups was
expected to reveal the additional benefits, if any, of adding
supplemental inputs (diets) to ponds containing plankton. We
anticipated using the results to optimize nutrient utilization
and minimize feed and fertilizer costs for Oreochromis produc-
tion in Kenya and possibly other locations.

METHODS AND MATERIALS

Pond production data such as stocking rates, feeding rates, and
fertilization regimes are detailed in the final report of Liti et al.

(see “Growth performance and economic benefits of Oreochromis
niloticus / Clarias gariepinus polyculture fed on three supple-
mentary feeds in fertilized tropical ponds,” 9FFR2; pp. 11-16 of
this report) and will not be repeated here. The three diets
tested in this study were a test diet, a pig finishing ration, and
rice bran. Each diet was fed to fish in four ponds, for a total of
twelve ponds, for approximately seven months. Because some
of the experimental samples were lost in Sagana prior to
analysis, this report includes data for only five months of the
study (January through May). Dry matter and ash analysis of
the diets was conducted at the University of Arkansas at Pine
Bluff using standard methods (Association of Official
Analytical Chemists, 1984); protein analysis was by the
Kjeldahl method, and lipids were analyzed using a Folch
extraction (Folch et al., 1957).

Plankton was the main natural component of the pond
system assumed to contribute to the nutritional status of
Oreochromis and Clarias. Therefore, samples of the plankton
and the fish (Oreochromis, both free-swimming and caged)
collected in January, March, and May were subjected to
carbon and nitrogen isotope ratio analyses. There were not
sufficient numbers of Clarias to sample more than once, so
isotope data for Clarias were included for qualitative
comparison only. Plankton was treated two different ways
at the March sampling period only. Some of the plankton
(called Plankton in the Results section) was collected by net
and not treated further, like at the other sampling periods.
The rest of the plankton collected by net was centrifuged to
concentrate the phytoplankton. This phytoplankton
concentrate was called Plankton 2 in the Results. The
isotope values of both samples were analyzed. Diets, fish,
and plankton were prepared for stable isotope analysis as
described previously (Lochmann and Phillips, 1996). The
analyses were conducted at the Stable Isotope Laboratory
at the University of Arkansas, Fayetteville, Arkansas, using
a micromass isotope ratio mass spectrometer.
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REesuLTs AND DiscussioN

Proximate composition of the diets is shown in Table 1. The
test diet and the pig finisher diet were similar to each other in
proximate composition, and the rice bran was lower in protein
and higher in ash than the other diets. Several batches of each
diet were formulated during the study, and rice bran varied the
most in proximate composition between batches.

The test diet and the pig finisher diet have similar 8*C and
8N values (Tables 2 and 3). Rice bran had much more
negative 3'°C values and positive 3'°N values than the other
two diets (Tables 2 and 3). Oreochromis and plankton samples
collected 5 January 2000 were used as the initial samples for
isotope data. By January there were already significant
differences in the 3'°C values of the free-swimming fish and
plankton in ponds receiving rice bran (Table 2) and in the 8'°N
values of the plankton in ponds receiving rice bran (Table 3).
By contrast, there were no differences in 85N of free-swim-
ming or caged tilapia in ponds receiving any of the diets in
January. There were also no differences in 8°C of caged tilapia
in ponds receiving any of the diets in January (Table 2),
probably reflecting their lower rate of weight gain and thus
assimilation of different nutrients, as reflected by their isotope
values.

By March the 3'°C values of the free-swimming and caged
tilapia as well as the plankton were all significantly more
positive in ponds receiving the test diet or the pig finisher diet
compared to ponds receiving rice bran (Table 2). This trend
continued in the fish and plankton samples taken in May
(Table 2). The 3N values of free-swimming tilapia, by
contrast, were distinctly different among all three diets (Table
3), while there were no significant differences in 5N of caged
tilapia or plankton among diets in March (Table 3). This trend
in the 85N values continued into May (Table 3).

Figure 1 shows the change in 313C values in ponds receiving
each of the diets over time. The test diet (Figure 1a) was
isotopically distinct from the plankton (both Plankton and
Plankton 2) for the whole period. The values for plankton and
both free-swimming (Pond) and caged fish stayed within a
fairly narrow range throughout the study, and there was no
large decrease in 8'3C of the fish, which would have indicated
a high rate of assimilation of the test diet. However, free-
swimming fish gained only about 50% of their final body
weight during the period of observation. Generally, a weight
increase of 250% is needed to determine whether a diet will be

Table 1. Proximate composition (%) of diets used in a feeding trial
with free-swimming and caged tilapia in ponds in Sagana,
Kenya.!
Diet Protein® Lipid® Dry Matter®  Ash®
Test 11.52+£0.00 6.33+0.04 87.80+0.00 8.10+0.07

Pig Finisher 11.59 +0.49 4.18+0.32 87.82+0.00 9.04 +1.16

Rice Bran 8.10+£0.61 4.12+0.18 90.59+0.00 19.41+£0.08

1 Values are means of two replicates + SD for the first batch of diets used in the experiment.

2 Protein in subsequent batches of the test diet was within 1% of the first batch. Protein
ranged from 9.8 to 12.4% for subsequent batches of the pig finisher and 4.7 to 8.1% for
subsequent batches of rice bran.

3 Lipid in subsequent batches of all diets was within 1% of the values for batch 1.

4 Dry matter in subsequent batches of all diets was within 2% of the values for batch 1.

5 Ash in subsequent batches of pig finisher was within 1% of the value for batch 1. Ash in
subsequent batches of rice bran ranged from 15.5 to 21.1%.

assimilated to a great degree (Anderson et al., 1987). The
pattern of change in d3C over time was similar in ponds that
received the pig finisher diet (Figure 1a). In this case the
isotope values of the free-swimming tilapia were consistently
more positive than those of the caged tilapia, indicating a
higher rate of assimilation of the pig finisher compared to the

Table 2.  Stable carbon isotope ratios (3'*C in %o) of free-swimming
tilapia in ponds, tilapia in cages in the same ponds, and
plankton sampled in January, March, and May 2000 in
Sagana, Kenya.! The 8'C of the diets is indicated in
parentheses.

Diet Free-Swimming Caged Plankton
Tilapia Tilapia
JANUARY
Test (-16.9) -188+0.5* -194x05 -20.5+2.0°
Pig Finisher (-16.2) -189+0.8* -19.6+0.8 -21.2+1.1%
Rice Bran (-27.6) -205+04° -19.8+02 -23.7+1.2°
MARCH
Test (-16.9) -185+0.6* -188x0.8"-181+1.2°
Pig Finisher (-16.2) -183+0.3* -189+0.5%-189 £1.6*
Rice Bran (-27.6) -212+23" -205+04°-222+1.0°
May?
Test (-16.9) -18.0+04* -17.7+x09°-18.5+0.6"
Pig Finisher (-16.2) -18.0+0.2* -18.7+0.6°-182 +1.1*
Rice Bran (-27.6) -220+1.0° -20.7+0.4°-23.1+0.5"

Values are means of four replicates + SD.

2 Clarias (stocked to control tilapia reproduction) samples were available for isotope analysis
only in May. The mean 8'°C values for Clarias fed the test diet, pig finisher, and rice bran
were -17.0 £ 0.5, -17.7 £ 0.8, and 0.8 + 0.6 %, respectively. Fish fed the rice bran had
significantly more negative 8'°C than those fed the test diet or pig finisher.

2b Means for each month in columns with different letters are significantly different (P < 0.05)

according to Fisher’s Least Significant Difference test.

Table 3.  Stable nitrogen isotope ratios (3'°N in %o) of free-swimming
tilapia in ponds, tilapia in cages in the same ponds, and
plankton sampled in January, March, and May 2000 in
Sagana, Kenya.! The 3N of the diets is indicated in
parentheses.

Diet Free-Swimming Caged Plankton
Tilapia Tilapia
JANUARY
Test (3.8) 79+0.5 81+0.1 54=+0.7°
Pig Finisher (3.9) 8.0+05 82+03 3.8+1.0°
Rice Bran (6.8) 8.2+0.5 82+06 53+0.6°
MARCH
Test (3.8) 6.9 +0.5*° 79+05 42=+04
Pig Finisher (3.9) 7.3+0.8° 76+06 4.0=x0.7
Rice Bran (6.8) 82+0.3¢ 80+04 42+07
MaAy?
Test (3.8) 72+04% 74+12 29+13
Pig Finisher (3.9) 6.9+09*° 75+05 34=x06
Rice Bran (6.8) 8.1 +0.3" 79+04 3.0+45

1 Values are means of four replicates + SD.

2 Clarias (stocked to control tilapia reproduction) samples were available for isotope analysis
only.

abcMeans for each month in columns with different letters are significantly different (P < 0.05)
according to Fisher’s Least Significant Difference test.
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caged tilapia. The 3'C value of the plankton in the ponds
receiving the pig finisher steadily increased (became more
positive), possibly reflecting assimilation of the diet as well.
The pattern of 813C values in ponds that received the rice bran
was distinct from that of ponds that received the other two
diets (Figure 1c). The rice bran was isotopically distinct from
the plankton in this case also, but the diet value was much
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Figure 1. Mean 3'°C values over time in ponds that received (a) the
test diet, (b) pig finisher, and (c) rice bran.

more negative than all other components in the pond, whereas
the other two diets were much more positive than the other
pond components (Figures 1a and b). The 3'3C of both free-
swimming and caged tilapia gradually became more negative
during the study. However, in this case the 8'*C of both the
diet and the plankton were more negative than the fish (free-
swimming and caged) initially. Therefore, it is not possible to
determine the relative contributions of the plankton and the
diet to the final 3'3C. The 3'3C of the plankton in this treatment
first increased then decreased during the study. The reasons for
this pattern were not clear.

Figure 2 shows the change in SN values in ponds receiving
each of the diets over time. The isotope values for the test diet
and plankton overlapped and were both lower than the values
for free-swimming and caged tilapia (Figure 2a). The 81°N
value of the free-swimming tilapia fluctuated more than that of
the caged tilapia, indicating a more varied diet. The free-
swimming tilapia appeared to be tracking the plankton and/or
diet in the middle of the study, but then the final value became
more positive, indicating a greater emphasis on the prepared
diet at the end of the study, or possibly the assimilation of
other more isotopically positive nutrient sources.

The 8N of the free-swimming and caged tilapia in ponds that
received pig finisher were very similar throughout the study
(Figure 2b). They became slightly lower by the end of the
study. The diet and plankton values were not distinct at any
point in the study, although both were much lower than those
of the fish. It was not possible to determine the relative
contributions of the plankton and pig finisher to the nutrition
of the tilapia using 3'°N in this case. The 3N of the plankton
and rice bran were distinct in ponds that received rice bran
(Figure 2c). However, the 3'°N of the free-swimming and caged
tilapia changed less in this treatment over time than in any of
the others. The 3N of the plankton declined markedly during
the study, but this decline was not reflected in the 8'°N values
of the fish (free-swimming or caged). Again, the lower growth
rate of fish fed rice bran compared to those fed the test diet or
pig finisher limited the ability to discriminate between the food
sources of the fish using stable isotopes.

The isotope technique is more effective in pinpointing nutri-
tional inputs of an animal when the inputs are isotopically
distinct from each other and from the animal itself (Anderson
et al., 1987). The discriminating power of the isotope technique
may be improved in future studies by fractionating the
plankton into different categories consistently before isotope
analysis, as fish gut content analysis in the Eighth Work Plan
indicated that there were major differences in the relative use
of zooplankton and phytoplankton for Oreochromis and Clarias
in the different treatments (Lochmann and Perschbacher, 2000).
The nitrogen isotope data clearly provide a distinct data set
from the carbon isotope data. The point-in-time data for Clarias
indicated that the dietary habits of all of the fishes had
considerable overlap. However, in this study there were not
sufficient data collected over time on Clarias to elucidate
dietary habits in relation to trophic level of the fishes that were
fed different diets.

ANTICIPATED BENEFITS
Production efficiency of Oreochromis and Clarias can be

improved once the quantitative importance of different
nutrients under defined experimental conditions is established
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Figure 2. Mean 8"°N values over time in ponds that received (a) the
test diet, (b) pig finisher, and (c) rice bran.

using the isotope technique in conjunction with comprehensive
production data. Furthermore, the procedures used to define
the importance of various components in this aquaculture
production system may be modified and applied to other
systems in other regions.

LiTeraTURE CITED

Anderson, RK., PL. Parker, and A. Lawrence, 1987. A 13C /12C tracer
study of the utilization of presented feed by a commercially
important shrimp Penaeus vannamei in a pond growout system.

J. World Aquacult. Soc., 18(3):148-155.

Association of Official Analytical Chemists, 1984. Official Methods of
Analysis, Fourteenth Edition. Arlington, Virginia, 1,141 pp.

Folch, J., M. Lees, and G.H. Sloane-Stanley, 1957. A simple method for
the isolation and purification of total lipids from animal tissue.

J. Biol. Chem., 226:497-509.

Lochmann, R. and P. Perschbacher, 2000. Nutritional contribution of
natural and supplemental foods for Nile tilapia: Stable carbon
isotope analysis. In: K. McElwee, D. Burke, M. Niles, X. Cummings,
and H. Egna (Editors), Seventeenth Annual Technical Report. Pond
Dynamics/Aquaculture CRSP, Oregon State University, Corvallis,
Oregon, pp. 29-31.

Lochmann, R. and H. Phillips, 1996. Stable isotopic evaluation of the
relative assimilation of natural and artificial foods by golden
shiners (Notemigonus crysoleucas) in ponds. J. World Aquacult. Soc.,
27(2):168-177.

Lochmann, R., H. Phillips, S. Dasgupta, D. Gatlin, and S. Rawles, 2001.
Stable carbon isotope ratios and standard production data as
indices of golden shiner, Notermigonus crysoleucas, performance in
pond feeding trials. ]. Appl. Aquacult., 11:21-34.

Schroeder, G.L., 1983. Stable isotope ratios as naturally occurring
tracers in the aquaculture food web. Aquaculture, 30:203-210.

Yoshioka, T., H. Hayashi, and E. Wada, 1989. Seasonal variation of
carbon and nitrogen isotope ratios of plankton and sinking particles
in Lake Kizaki. Jap. J. Limnol., 50:313-320.

Cite as: [Author(s), 2002. Title.] In: K. McElwee, K. Lewis, M. Nidiffer, and P. Buitrago (Editors), Nineteenth Annual Technical Report. Pond
Dynamics/Aquaculture CRSP, Oregon State University, Corvallis, Oregon, [pp. ___.]



RebpucTioN oF FEED RATIONS BELOW SATIATION LEVELS IN TiLAPIA POND PRODUCTION

Ninth Work Plan, Feeds and Fertilizers Research 3 (9FFR3)
Final Report

Christopher L. Brown
Marine Biology Program
Florida International University
North Miami, Florida, USA

Remedios B. Bolivar and Eddie Boy T. Jimenez
Freshwater Aquaculture Center
Central Luzon State University

Nueva Ecija, Philippines

James P. Szyper
Sea Grant College Program
University of Hawaii at Manoa
Hilo, Hawaii, USA

ABSTRACT

The goal of this study was to evaluate feeding strategies that could be used to reduce tilapia grow-out costs. Growth, yield, and
survival of tilapia fed daily were compared at 100 and 67% of experimentally determined satiation. Analysis of growth
performance parameters demonstrated that the reduction of rations to 67% of satiation had no effect on growth or yield,
suggesting that this approach may be useful to farmers wishing to reduce costs without compromising sales.

INTRODUCTION

The use of supplemental feed in addition to fertilization has
improved tilapia yields economically. The availability of many
types of commercial feeds has made it even more convenient
for tilapia farmers to provide feed to their fish. But while
feeding ensures rapid growth of fish, feed costs often demand
60 to 70% of the total production cost.

Feeding strategy can affect the profitability of a tilapia produc-
tion operation. Good feeding procedures must be developed to
minimize feed wastage and deterioration of water quality. In a
tilapia feeding experiment in Thailand under the Pond Dynam-
ics/Aquaculture Collaborative Research Support Program
(PD/A CRSP), results showed that feeding at 50% satiation
ration, coupled with fertilization, gave comparable growth and
yield to full satiation and provided better water quality (Diana
etal., 1994).

The amount of feeds provided is usually determined as some
percentage of the body weight of the culture animals. In culture
conditions where some natural food is available, 3 to 5% of the
total weight of a crop is a reasonable rule of thumb for providing
pellet food to finfish (Avault, 1996; Nwanna and Bolarinwa,
2001). Another feeding practice is to provide all the food the fish
will consume to ensure that all individuals obtain sufficient
nutrition during the grow-out period. However, this latter
practice can be costly and may create water quality problems.

This study was undertaken to demonstrate efficient supple-
mental feeding strategies for tilapia production in fertilized
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ponds. Specifically, the study aimed to evaluate growth, yield,
and survival of tilapia fed daily at 100 and 67% of experimentally
determined satiation. This experiment, conducted in cooperation
with farmers in the central area of Luzon Island, also served to
test the applicability of a reduced-feeding strategy under
commercial tilapia aquaculture conditions in the Philippines.

METHODS AND MATERIALS

Nine tilapia farmers participated in this trial. At each partici-
pating farm site, two ponds were assigned one of each of the
two treatments—feed ration at 100 and 67% of experimentally
determined satiation levels. The determination of satiation
requirements was made once a week on each farm by the
project staff. The fish were given prepared feeds consisting of
67% rice bran and 33% fish meal (crude protein = 28.6%).

The pond size ranged from 0.1178 to 0.40 ha. The ponds were
stocked with sex-reversed Nile tilapia (Oreochromis niloticus) of
the Genetically Improved Farm Tilapia (GIFT) strain. This
strain is genetically selected for rapid growth and presently
distributed by the GIFT Foundation International, Incorpo-
rated. Fingerlings with mean weight of 0.05 g were used at a
stocking rate of 4 fish m2.

All ponds were fertilized weekly with urea and ammonium
phosphate at a rate of 28 kg N and 5.6 kg P ha? wk'l. Water
depth was maintained at 1 m.

Water quality parameters were monitored monthly in all
ponds. The water was analyzed for dissolved oxygen, pH, total
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alkalinity, total ammonia, and soluble reactive phosphorus.
Analyses were done according to standard methods (PD/A
CRSP, 1992).

A sample of 50 fish was obtained from each pond every month
to measure average weights of the fish. After 120 days the
ponds were harvested by seining and then complete draining.
Total number of fish was counted and bulk-weighed. Final
mean weight, daily weight gain, gross yields, and survival
rates were calculated. The total amount of feed given in each
treatment was also estimated at the end of the study. Growth
performance was analyzed statistically by t-tests.

REesuLTs
Growth Performance

Growth performance data are presented in Table 1. Initial
stocking weight of the fish was similar in all farm sites. At
harvest there were no significant differences observed in the
final mean weights, daily weight gains, fish yields, extrap-
olated gross yields, and survival between the two satiation
levels tested (P > 0.05).

Mean body weights measured at monthly intervals are shown
in Figure 1. A higher mean final body weight of fish was
observed in the 67% satiation than in the 100% satiation;
however, the difference was not significantly different

Table 1. Mean values * standard deviation of on-farm growth
performance of Nile tilapia at 100 and 67% satiation levels.
Performance Satiation Level
100% 67%
Initial Mean Weight (g fish™) 0.05 0.05
Final Mean Weight (g fish™) 149 + 45 154 + 26
Mean Daily Weight Gain 1.70+£ 1.0 1.76 £ 0.87
(g fish™ d™)
Gross Yield (kg pond™) 202 + 116 211 + 104
Extrapolated Gross Fish Yield 3,135+ 1,149 3,576 + 1,258
(kg ha™)
Survival (%) 57 +22 65+ 20
Feed Conversion Ratio 3.40 £ 1.60 2.38£110
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Figure 1. Mean body weight of Nile tilapia in the 100 and 67%
satiation rations.

(P > 0.05). A better feed conversion ratio was obtained in the
fish fed at reduced satiation level (2.38) than in those fed at full
satiation (3.40).

The total feed given to the full satiation treatment was

9,396 kg ha'! as opposed to 7,801 kg ha! in the reduced ration.
This reduction in the amount of feed resulted in $399 savings
in terms of feed costs (Table 2). The survival rate can be
considered moderate, but there was also no evidence that this
was treatment-related. Mortality could be due to handling
stress at stocking and during regular sampling of the fish.

ANTICIPATED BENEFITS

This is the second experiment concluded under the current
work plan in which a demonstrable reduction in operating
costs is not accompanied by a reduction in fish yields. Farmers
have adopted the methods demonstrated in the first part of our
project (9FFR4, “Timing of the onset of supplemental feeding
of Nile tilapia (Oreochromis niloticus) in ponds”) and will in all
likelihood find the reduction of the ration to provide another
viable cost-reduction option for them. The pattern that is
developing is one of a number of methods being made
available to minimize the cost of feeding tilapia grown in
ponds in the Philippines. It seems likely that many conscien-
tious farmers are reluctant to compromise their feeding
schedules in the interest of growing fish rapidly and keeping
them as healthy as possible. Our results indicate that reducing
feeding rates, either by delaying the introduction of feeds
(9FFR4) or by feeding less than the amount required for
satiation (this investigation), does not cause any statistically
detectable difference in pond yields or fish quality. We would
predict that farmers will find this welcome and reassuring
news. We anticipate that a significant number of tilapia
farmers in Central Luzon will adopt and to some extent adapt
this technique for their own applications, realizing some cost
savings in the process.
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Table 2. Cost and return of tilapia production per hectare using 100
and 67% satiation (in US$).
Item Satiation Level
100% 67%
GROSS RETURN 3,919 4,470
Cost
Tilapia Fingerlings 420 420
Fertilizers 150 148
Feeds 2,349 1,950
NET RETURN 1,000 1,952

Note: Mean values for water quality parameters measured during the study were found
within the acceptable ranges for tilapia culture (Table 3). No significant differences were
found between the mean values of water quality parameters between the two treatments
across the farms tested (P > 0.05).
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Table 3. Mean values for water quality parameters measured monthly over a 120-day culture period in ponds fed at 100% (Pond A) and 67%
(Pond B) satiation levels in the nine farm sites.

Farm Pond Secchi Disk DO Temperature pH Alkalinity Ammonia Phosphorus
Visibility (mg 1) (°C) (mg 1) (mg 1) (mg 1)
(cm)
1 A 17.8 6.2 25.6 8.5 167.2 0.21 0.55
B 19.8 6.3 27.7 8.2 172.6 0.28 0.57
2 A 27.8 5.5 28.6 8.3 192.8 0.17 0.42
B 24.8 10.4 29.3 8.7 179.4 0.16 0.34
3 A 27.4 11.9 28.9 9.0 87.4 0.19 0.20
B 24.2 11.1 28.6 9.1 117.6 0.24 0.16
4 A 134 7.7 27.6 9.1 158.0 0.21 0.50
B 17.8 6.2 27.7 8.8 137.0 0.22 0.38
5 A 45.2 7.7 28.6 8.6 193.8 0.22 0.42
B 32.0 8.4 28.4 8.4 167.6 0.16 0.33
6 A 37.0 9.8 27.6 8.6 289.4 0.09 0.39
B 39.8 10.3 27.6 8.6 256.2 0.08 0.32
7 A 28.4 10.3 29.9 8.7 99.2 0.12 0.32
B 28.8 11.3 30.2 8.8 105.0 0.10 0.30
8 A 27.2 8.0 25.8 8.7 169.6 0.19 0.34
B 40.4 6.4 26.8 8.6 166.4 0.15 0.36
9 A 24.6 10.8 30.4 8.6 178.2 0.16 0.43
B 28.0 10.4 30.1 8.7 164.6 0.11 0.30
LiTERATURE CITED Nwanna, L.C. and T.O. Bolarinwa, 2001. Determination of optimum
feeding rate for Oreochromis niloticus fingerlings. Book of Abstracts—
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ABSTRACT

This host-country institutional capacity-building objective has been met and in fact exceeded, in part because of a small budget
supplement that was made available late in the project. Three visitors from Central Luzon State University, Philippines,
traveled to Florida International University as part of this objective, including two who received technical training. An
additional graduate student at Central Luzon State University was supported in the course of his doctoral studies.

Physical improvements within the Freshwater Aquaculture Center were completed in the process of meeting the capacity-
building objective; these improvements included the replacement of two obsolete computers, the renovation of teaching
laboratories, and the construction of a set of poured-concrete fish-culture tanks on campus.

ProjecT SUMMARY

A modest capacity-building component of this project was
added during the course of other pond-based and extension
objectives. At the time, some commitments had been made to
support the doctoral studies of Eddie Lopez. In keeping with
the commitments that had been made earlier, some research
support was made available to Mr. Lopez, who is in the
concluding stages of his dissertation-writing.

Institutional ties between Central Luzon State University
(CLSU), Philippines, and Florida International University
(FIU), Florida, were formalized and strengthened with the
execution of a Memorandum of Understanding, which
recognized not only our common interest in the successful
completion of the Pond Dynamics/Aquaculture CRSP project
but also the common interests of our two institutions that
extend well beyond the project.

Scientific exchanges between CLSU and FIU have occurred on
several levels. Each project principal investigator has visited
the corresponding institution and presented a guest lecture or
seminar. CLSU graduate student Eddie Boy Jimenez visited
FIU for a ten-day technical training period, in which he learned
the basic elements of confocal microscopy, protein quantifica-
tion by the Lowry method, and morphometric analysis of
larval and juvenile fishes. CLSU faculty member Emmanuel
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Vera Cruz also visited FIU for technical training in the summer
of 2001, for a one-week session covering the same material. The
president of CLSU, Dr. Rodolfo Undan, visited FIU and met
with institutional officials at the North Miami campus to
discuss the continuation and expansion of the interactions
between the two universities.

The simple exchange of students envisioned at the outset of
work on this objective has grown into something significantly
more ambitious. CLSU distinguished faculty member Emmanuel
Vera Cruz is now an applicant for the doctoral program in
Biological Sciences at FIU.

In addition to the exchange of students, faculty, principal
investigators, and executives, this educational development
component activity has provided resources for improvement of
facilities at CLSU that have already begun having a positive
effect on educational activities in aquaculture and fisheries.
Fifteen 2 x 1 x 1 m concrete tanks were constructed as an
additional research facility for students and researchers. These
will be used in future student and faculty research projects.
The Fisheries Information and Learning Center (FILC) is
being set up, which will maintain a modest collection of
aquaculture and fisheries references. These are presently
cataloged for easy retrieval using bibliographic system
computer software. About 200 students can benefit from this
once it becomes operational. Two additional computer units
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have been ordered and will be made available for students at laboratories, and information technology (two computers) will

the FILC. significantly improve the quality of teaching and research at both
the undergraduate and graduate levels. The most direct impact

ANTICIPATED BENEFITS will be among the aquaculture students, but all students and

faculty at the Freshwater Aquaculture Center are likely to benefit

Human Capacity Development activities have resulted in a either directly or indirectly from these improvements. In

range of upgrades to key components of the educational addition, the research support for doctoral candidate Eddie

mission of the Freshwater Aquaculture Center at CLSU. The Lopez has enabled him to reach the final stages of completion of

availability of improved experimental facilities, teaching his doctoral studies and dissertation-writing activities at CLSU.
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ABSTRACT

A series of five highly successful short courses was conducted by the Kenya Project of the PD/A CRSP for Kenya Fisheries
Department personnel during the period of the Ninth Work Plan. Activity leaders responsible for planning and carrying out
these short courses felt constrained by a lack of training materials relevant to the aquaculture situation in Kenya. Although
they were able to develop some materials and to borrow others for use in these courses, they did not have teaching modules
specifically suited to Kenya on topics such as pond construction, composting, pond production of mixed-sex tilapia, fish
nutrition, or production by species, all of which are key for the type of training currently needed in Kenya.

This activity was proposed to begin work on the development of such training modules. A faculty member from the Moi
University Department of Fisheries spent eight weeks at Auburn University, Alabama, while beginning to develop training
modules for use in future training sessions in Kenya. Three complete modules were developed, and work on nine others
was begun. A digital camera and a new computer, to be used for continued work on module development back in Kenya,
were provided. Over 1,800 slides and photographs suitable for use in training courses were digitized and saved to disk for
further work in Kenya. While in the US, the participant was also able to attend and participate in the annual conference of
the World Aquaculture Society (Aquaculture America 2001) and the Annual Meeting of the PD/A CRSP, as well as to visit
commercial fish-farming operations in western Alabama. This activity was conducted between 16 January and 15 March

2001.
INTRODUCTION

Lack of technical training has been cited as a major reason for
the low output of fish ponds in Kenya. This lack has been
observed at all levels, from extension agents working in the
field through university undergraduate and graduate students
to upper-level fisheries officers in the Kenya Fisheries
Department. It was this lack that led to the development of a
training program undertaken by the Kenya Project under the
PD/A CRSP Ninth Work Plan (9ADR3), which sought to
improve training and to provide a cadre of trainers with
extensive practical fish production experience (see “Aquacul-
ture training for Kenyan fisheries officers and university
students,” 9ADRS; pp. 155-158 of this report). Under that
activity Karen Veverica and Charles Ngugi conducted a series
of five short courses, in which they trained officers of the
Kenya Fisheries Department in pond construction, pond
management, and commercial fish farming and developed
training materials relevant to the needs and level of education
of their trainees. However, Veverica and Ngugi often felt
constrained by the lack of materials relevant to Kenya’s
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situation. Although they were able to borrow some training
modules from faculty at Auburn University (AU), they did not
have teaching modules on topics such as pond construction,
composting, pond production of mixed-sex tilapia, fish
nutrition, and production by species, all of which are needed
for training in Kenya.

It was therefore proposed that Ngugi spend six weeks at
AU developing modules for training Fisheries Department
extension officers and undergraduates in the Moi Univers-
ity (MU) Department of Fisheries. In addition, he would
use the opportunity to further develop his computer skills
and to work with AU faculty with experience in areas of
module development, use of equipment and facilities,
literature searches, and downloading extension files from
the Internet.

The overall objective of this activity was to increase the
capability of the Department of Fisheries at MU to contribute
to sustainable utilization of aquatic natural resources through
the development of aquaculture.



28 NINETEENTH ANNUAL TECHNICAL REPORT

More specific objectives of the activity were to:

1) Develop educational materials such as extension
bulletins to be used for training fisheries extension
workers and university students;

2) Develop teaching modules for dissemination of research
information to producers;

3) Learn how to use software and hardware needed for
making teaching aids, e.g., digitizing slides and photos,
using presentation programs; and

4) Search and retrieve information from the library and
download and transfer extension bulletins for use in
preparation of course modules.

METHODS AND MATERIALS

This activity provided funds and mentoring to allow one
faculty member from the MU Department of Fisheries (Eldoret,
Kenya) to travel to AU to work with experienced professionals
there to learn the technical skills needed for the preparation of
training modules for use in training courses in Kenya, both at
MU and in the Kenya Fisheries Department.

Ngugi spent approximately eight weeks in the US between
January and March 2001 working on this effort. At AU he was
provided with office space at the main office of the Department
of Fisheries and Allied Aquacultures, given tours of AUs
extensive fish-culture facilities, and given access to library
facilities on the main campus. He was supported and guided
in his efforts at AU by Len Lovshin, Tom Popma, and Veverica,
along with several other faculty and staff members there.
Training and presentation modules previously developed at
AU were used as models for his work. Jim Bowman of the
Oregon State University (OSU) Department of Fisheries and
Wildlife also provided guidance, as well as overall admini-
stration of the activity.

The activity also provided material support in the form of a
state-of-the-art computer and printer, a digital camera, and start-
up supplies (diskettes, CDs, transparencies, etc.) to begin the
process of module preparation and for continued use in the
development of training materials after Ngugi’s return to Kenya.

REesuLTs AND DiscussioN

Ngugi departed Kenya on 16 January, arriving at AU the
following day. During his first week there he met Lovshin and
Popma and began planning the details of his work at AU.
Veverica gave him a tour of AUs Fisheries Research Unit, and
he made arrangements to audit the Fish Hatchery Manage-
ment course given by Ron Phelps.

During the period of 22 to 27 January, Ngugi traveled with
other members of the PD/A CRSP to Orlando, Florida, to
attend the annual conference of the World Aquaculture Society
(WAS) and the Annual Meeting of the PD/A CRSP. At the WAS
meetings he was able to view posters, attend many presenta-
tions, meet with a number of professionals in the field, and
view products and services displayed by the numerous
exhibitors present. After the WAS conference he learned about
other CRSP projects, got to know other CRSP participants, and
developed a better understanding of the overall CRSP program
by participating in the Annual Meeting.

Back at AU Ngugi rapidly settled into the task of learning the
necessary computer skills and beginning to develop training

modules for Kenya. The project provided a Delll] Pentium" III
800 MHz computer with a color printer and Zip and CD-RW
drives to help with the effort. Also provided were an Olympus
digital camera and basic supplies for both the camera and the
computer system. These items were purchased through OSU,
delivered to Ngugi at AU, and taken back to Kenya (MU) to be
available for continued module and training material
development there.

Lovshin and Popma continued to work closely with Ngugi
throughout his time at AU. They assisted him in getting started
with the modules and allowed him to use or adapt their
existing modules as necessary for the Kenyan situation.
Veverica provided input as needed and in addition provided
numerous opportunities for Ngugi to participate in and learn
from aquacultural research activities taking place at the AU
Fisheries Research Unit.

While at AU Ngugi learned to use the software programs
needed for downloading materials from the web, for preparing
presentations, and for making overhead transparencies to go
with those presentations. As part of module development, he
required a variety of photographs on various global aquacul-
ture activities. Consequently, he was given access to photo-
graphic slides of fish and aquaculture by many individuals. He
digitized 145 slides from Bowman and 235 slides from Popma.
Veverica gave him over 155 photographs taken from Kenya,
Cameroon, and Rwanda, and she also gave him 173 slides from
these countries to digitize. Lovshin gave him nine CDs with
over 800 slides to copy and use back in Kenya. Ngugi also
copied slide presentations on fish hatchery management from
Phelps. In all he digitized and saved over 1,800 slides from
various sources, including downloading some from the
Internet. Other sources of materials included Southern
Regional Aquaculture Center (SRAC) fact sheets, the Fish
Hatchery Management course given by Phelps, Carrying
Capacity and Aquaculture Production by Popma, and Food
and Agriculture Organization documents.

Through these efforts Ngugi was able to develop three
complete training modules while in Auburn. They are:
¢ Introduction to Aquaculture—An Overview,
¢ Pond Construction—Site Selection, and

¢ Pond Management and Maintenance.

In addition to these complete training modules, Ngugi began
work on a number of others, which will be adaptations of
existing modules for the Kenyan situation. These are listed,
along with the name of the original author of each:

e Fish Yield (Len Lovshin)

e Bait Minnows (Len Lovshin)

* Marine Shrimp (Len Lovshin)

¢ Golden Shiner (Len Lovshin)

* American Oyster (Len Lovshin)

e Atlantic Salmon (Len Lovshin)

e Channel Catfish (Len Lovshin)

e Crawfish (Matt Parker)

¢ Striped Bass (Mark Reddy)
He also received 18 other presentations from students and
friends that he met in Orlando and at AU, including ones on
culture of tilapia, carp, black bass, and trout.

During the first week at AU after the WAS and PD/A CRSP
meetings, Ngugi was joined by Nancy Gitonga, Director of the
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Kenya Fisheries Department and host country Principal
Investigator (PI) for the Kenya Project; David Liti, a CRSP
researcher from the MU Department of Zoology; and Jim
Bowman, US Regional Coordinator for the Kenya Project. This
group, along with Kenya Project researchers Veverica and
Popma, spent a full day discussing Kenya Project progress and
problems and outlining plans for proposals for the PD/A
CRSP Tenth Work Plan. The group also took a full-day tour to
catfish farms, a feed mill, and a fish processing plant in
western Alabama.

Ngugi departed Auburn to return to Kenya on 13 March,
arriving back in Eldoret on 15 March. He feels that his AU visit
was very productive, informative, and educative. He gained
immensely from the visit, attending numerous departmental
seminars, workshops, and classes. It gave him the opportunity
to meet and interact with world-renowned authors and
publishers such as John Jensen (Head of the Department of
Fisheries and Allied Aquacultures), Bart Green, Popma,
Lovshin, and Claude Boyd, among others. Through this
activity a new state-of-the-art computer, loaded with the
most recent software, was acquired for use in training-
course development back in Kenya; this computer will be
very useful to the faculty and students of the MU Depart-
ment of Fisheries.

ANTICIPATED BENEFITS

This activity has already led to the development of three new
training modules to be used in training courses at several
levels in Kenya. Additional modules are planned and are
being worked on by Ngugi in Kenya. The activity has
provided MU faculty, and in particular Ngugi, with improved
computer operation and course preparation skills, which will
lead to the preparation of better training materials and
improved dissemination of aquaculture information to
extension workers and university students. Ngugi will be able
to pass on some of his new computer skills to colleagues at
MU. In line with PD/A CRSP objectives, linkages between
research and extension workers in Kenya are being strength-
ened. This activity has also provided Ngugi with additional
international exposure, both at AU and at the WAS conference
in Orlando.

Training modules will provide extension workers and fish
farmers with better information on pond construction and
management. This will lead to improved fish production and
poverty alleviation for the rural communities. This will spin off
small-scale commercial fish production operations that will
improve farmers’ incomes and serve to standardize the
information given to farmers.
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ABSTRACT

In a previous experiment in which Nile tilapia fry were successfully masculinized, we investigated how the concentration of
trenbolone acetate (TA) in the immersion water changed before and after treatment. The results from that experiment indicated
that the concentration of TA before and after treatment of Nile tilapia fry was highly variable and below the expected levels.
Therefore, we decided to corroborate those results by running two experiments in which fry were not present and by testing
different water sources. These new experiments confirmed our previous findings, indicating that independently of the source
of water, the concentration of TA is highly variable and below the expected levels.

INTRODUCTION

Previous experiments in our laboratory have demonstrated
that short-term immersions in synthetic steroids such as 17a-
methyldihydrotestosterone (MDHT) and trenbolone acetate
(TA) are effective masculinizing treatments for Nile tilapia fry
(Contreras et al., 1997, 1999, 2000; Gale et al., 1999). Recently,
Bart et al. (2000) have found that ultrasound treatment
enhances masculinization when short-term immersions are
used. However, short-term immersions are far from being used
on a commercial scale. One of the major criticisms to this
method is that the concentration used is higher than the
amount of 17a-methyltestosterone (MT) used in feeding trials.
However, the immersion protocol presents advantages over
feeding treatment for hormone control and disposal, as well as
fewer risks of environmental contamination.

The use of TA in the cattle industry for growth enhancement
has created expectations in the aquaculture industry. This
steroid can be used for androgenic purposes and may have
anabolic effects while fry are under masculinization treatment.
It has been reported that TA administered in the food suc-
cessfully masculinized channel catfish (Galvez et al., 1995)
and blue tilapia (Galvez et al., 1996). However, Davis et al.
(2000) found that the catfish treated with TA were not func-
tional males but infertile organisms after three years of
growth.
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Research is needed to understand how much steroid is
available to the fry during immersion treatment. Because of
their hydrophobic properties, steroids may be very unstable in
the water treatment, form precipitates, or bind to the walls of
the containers. To address some of these questions, we
performed experiments to determine the concentration of TA
in dechlorinated water and distilled water at different times.

MEeTHODS AND MATERIALS
Experiment 1: Steroid Solutions without Fry Immersed

Following an experiment reported on in Contreras et al. (2001)
involving examination of TA solution following immersion of
fry, a similar experiment with no fry immersion was planned.
This experiment consisted of three 3.8-1 glass jars containing 11
of well water. To each replicate 500 pl of TA were added, mixed
thoroughly, and maintained at 28 + 1°C under constant
aeration. Samples were collected at 0, 3, and 30 h at the surface,
middle, and bottom of the jar (samples taken at 30 hours at
middle depth were lost during processing).

Experiment 2: Short Trial in Borosilicate Tube

Ten ml of double-distilled water were placed in a borosilicate
tube, to which 100 pl of TA were added and thoroughly mixed
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by vortexing. Samples of 1 ml were collected at time 0 (from
the middle of the tube) and at 1 h (from the surface, middle,
and bottom). Once all samples were collected, the water
remaining in the tube was vortexed, and the tube was emptied
and washed with 1 ml of ether to assay for TA attached to the
tube walls.

TA Detection

All samples were stored frozen (—20°C) until processed for TA
detection. From each sample, 2.0 ml were extracted in 8 ml of
diethyl ether. The organic phase of each sample was collected
in a new tube after the aqueous phase was snap-frozen in
liquid nitrogen. The extraction procedure was repeated, and
the ether extracts were pooled for each sample and dried down
in a SpeedVac. Each dried extract was reconstituted in 1 ml of
methanol. Aliquots of the reconstituted extracts were removed
to 150-ml glass inserts for determination of TA concentration
by High Performance Liquid Chromatography (HPLC). The
HPLC methods followed the procedure outlined in Huang et
al. (1983) and modified by Feist et al. (1990). The HPLC
analysis was performed using a Waters System consisting of a
600 controller, 717 autosampler, 996 photodiode array detector,
a Dell Dimension V400c computer, Millenium PDA software,
and a reverse phase C18 column (flow rate 0.4 ml min'!). We
used an isocratic mobile phase of water:methanol:acetonitrile:
isopropanol (62:28:5:5) followed by a linear gradient (3.3% min™)
of water:methanol:butanol (35:45:20) for 30 min monitored at a
wide variety of wavelengths but specifically analyzed at 254,
280, and 340 nm. This system allows for the separation of 19
steroid standards with detection limits of 3 ng for each steroid.
Each sample was analyzed once.

REsuLTs
Experiment 1

Concentrations of TA in well water were variable at all times
and at all sampling points (surface, middle, and bottom). At
time 0, levels of TA in the surface water were lower than the
expected value (mean = 300.7 pug 1!, SD = 87.5). Initial values of
hormone concentration range from 211.2 to 372.4 pg 1'!. Similar
patterns were observed at 3 and 30 h after addition of the
steroid. This trend was also observed in samples taken at the
middle point and bottom of the jars (means = 279.5 and

271.8 pg I}, respectively). Concentration values of TA showed
no consistent patterns (Figure 1).

Experiment 2

Concentration of TA at time 0 was 8,731.5 ug ml™ (the expected
value was 10,000 pg ml). No significant changes were
observed in the samples taken at the surface, middle, or
bottom of the tube after one hour of mixing of the steroid with
water (Figure 2). TA was detected in the ether used for rinsing
the glass tube (1,887.7 pg I'!). The estimated total amount of TA
detected in the borosilicate tube after adding the concentration
rinsed from the glass accounted for 92.4% of the total amount
of TA added to the tube.

DiscussioN
Our earlier findings (Contreras et al., 2001) indicate that the

target dose for TA immersion is rarely achieved. The surpris-
ingly low levels of TA found in our previous report have forced

us to validate these results by conducting further experiments.
However, we have found that the patterns are maintained
independently of the source of water used (dechlorinated
versus well water) or the location at which the samples are
collected (surface, middle, or bottom of jars). Our first hypo-
thesis focused on the precipitation of TA out of solution after
mixing with water. However, the data from the experiments
reported here indicate that samples from the bottom of the jar
have similar patterns to those observed in the surface water.
Another hypothesis for explaining the low levels of steroid in
the water is that the steroid could be binding to the walls of the
jars (which may be porous). The data obtained from a boro-
silicate tube (used for assays because of its low-binding
properties) indicate that about 2% of the TA added binds to the
glass. Therefore, it can be expected that binding to jars is
higher. More research is needed to determine if the glass
employed is trapping a significant amount of steroid, decreas-
ing the efficacy of the immersion technique.
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Figure 1. Trenbolone acetate (TA) levels in well water through time in
experimental jars containing 500 pg 1" of steroid with no fish
added. Samples were taken at the surface (a), middle (b), or
bottom (c) of the container.
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Figure 2. Trenbolone acetate (TA) levels in double-distilled water
mixed in a borosilicate assay tube containing 1,000 pg ml? of
steroid. Samples were taken from the middle (M) at 0 and
1 h, and from the surface (S) and bottom (B) at 1 h. Sample
named “Rinse” was collected once the tube was emptied and
rinsed with ether to determine if TA was binding to the
glass.

ANTICIPATED BENEFITS

Masculinizing Nile tilapia fry by immersion can be a good
alternative to feeding the fry with hormone-impregnated food.
However, the amount of variability observed in the concen-
tration of the steroid used during treatment indicates that this
technique requires refinement to obtain more consistent
results.
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ABSTRACT

Preliminary studies in our laboratory showed that short immersions in the synthetic androgen trenbolone acetate (TA)
constitute a good option for masculinizing Nile tilapia fry produced by a single female. This technique offers the potential to
replace MT feeding for 28 days and avoid steroid accumulation in pond sediments. We investigated the effects of TA treatment
on fry collected from a tank containing batches produced in multiple spawnings. Our results suggest that masculinization
involving short-term immersions in TA results in significantly more males in the treated groups (55.9 and 61.6%) than in the
controls (44.5 and 38.9%). However, the percentage of males produced is far below that recommended for aquacultural
purposes. We further investigated the potential enhancing effects of elevated temperatures in combination with TA treatment
during immersion time and found no significant effects of temperature on the proportion of males obtained.

INTRODUCTION

The production of single-sex populations of tilapia (Oreochromis
spp.) is an important tool for aquaculturists to avoid unwanted
reproduction and to produce the sex with the larger growth
potential (Macintosh and Little, 1995; Green et al., 1997).
Aquaculturists usually administer hormones to fish through
the diet, but this method often requires long-term admini-
stration of the steroid and poses the risk of contamination by
the uneaten or unmetabolized hormone that eventually reaches
the pond environment. In previous studies we have demon-
strated that a substantial amount of the methyltestosterone
administered with the food quickly appears in the tank water
and remains in the sediments for at least four months
(Contreras-Sanchez, 2001). Therefore, the development of
techniques that can offer significant masculinization of fry
involving short-term treatments and presenting little or no risk
to the environment or hatchery workers may be advantageous.

Recent studies in our laboratory have shown that short-term
immersions can result in significant masculinization of Nile
tilapia fry (Gale et al., 1995, 1999; Contreras-Sanchez, 2001).
These studies showed that immersion in androgen has the
potential to be an alternative to dietary treatment with steroids
for the masculinization of tilapia. This technique has the
advantage of using the steroid solution under controlled systems
allowing for reuse and safe disposal. However, little is known
regarding the efficacy of this technique in large-scale systems. A
variety of androgens—especially synthetic androgens—are
effective masculinizing agents (Hunter and Donaldson, 1983).
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Recently, the synthetic steroid trenbolone acetate (Galvez et al.,
1996) has been used to masculinize tilapia using hormone-
treated food. Trenbolone acetate (TA) has been widely used in
the cattle industry for growth enhancement and is considered a
potent androgenic and masculinizing agent (Galvez et al., 1996).
We have previously shown that short-term immersion of tilapia
fry in TA can result in significant masculinization (Contreras-
Sanchez et al., 1997; Contreras-Sanchez, 2001). Such a treatment
offers an alternative to the typical four weeks of feeding tilapia
with MT. However, in order to be a viable alternative, short
immersions in TA must be tested on fish.

Because recent studies have shown that elevated temperatures
can induce masculinization to a certain degree, we decided to
examine the potential enhancing effects that elevated tempera-
tures may have when used in combination with short-term
immersions in steroids. To investigate these potential effects,
we carried out an experiment to compare masculinization rates
between TA-immersed fry under normal temperatures (28°C),
TA-immersed fry under elevated temperatures (32 and 36°C),
and EtOH-immersed fry.

METHODS AND MATERIALS

Multiple breeding families of Nile tilapia, Oreochromis niloticus,
were placed in reproduction tanks (2 x 4 x 1 m) at a ratio of one
male to three females per square meter. Fry release was mon-
itored every day, starting on day 10. Once breeding occurred, fry
were removed from the tank. Fry were selected by grading with
a 3-mm mesh (Popma and Green, 1990), counted, and randomly
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assigned to experimental groups. All treatments were triplicated.
The number of fry per replicate was determined by the amount
of fry collected in a particular day. Each replicate was housed in
a 10-1 plastic container with dechlorinated tap water. The mean
temperature at which fry were maintained was 29 + 2°C. All
containers were kept under constant aeration.

Experiment la: TA Immersions Using Multiple Broods

The objective of this experiment was to determine the mascu-
linizing efficacy of TA in batches of fish produced by several
females in fry production systems. Fry were immersed for
three hours in 500 pg 1! of TA or ethanol vehicle (both of which
were mixed before addition of fry) at a density of 33 fish I'". All
fish were immersed twice; one immersion was conducted at day
1 (day of fry harvest) and the other at day 3. Fry were collected
after each immersion, containers were thoroughly cleaned, and
then fish were reallocated in fresh dechlorinated tap water. At
the conclusion of the immersions, fry from all treatments were
transferred to 0.5-m?3 hapas located in a grow-out cement pond.

Steroids were obtained from Sigma Chemical Company (St.
Louis, Missouri) and stored in stock solutions of ethanol

(1 mg ml) at 4 + 1°C. Temperature and pH were monitored
daily; dissolved oxygen was checked weekly.

Experiment Ib: Reuse of Steroid

The goal of this experiment was to determine the potential reuse
of TA solutions after masculinizing tilapia fry. TA solutions were
reused twice after the first immersion trial. Fry were immersed
for three hours in 500 pg I of TA or ethanol vehicle (both of
which were mixed before addition of fry) at a density of
33 fish I'1. All immersions were conducted as described in the
previous experiment. Treatments were as follows:

1) Control (EtOH) first usage

2) Control (EtOH) first reuse

3) Control (EtOH) second reuse

4) TA first usage

5) TA first reuse

6) TA second reuse

Experiment Il: Effect of Temperature

The goal of this experiment was to determine if elevated
temperatures in combination with TA immersions could
induce masculinization of Nile tilapia. Fry were collected and
kept at either 24, 28, 32, or 36°C (+ 1.5°C) from day 1 to day 4.
Fry were immersed for three hours in 500 pg 1! of TA or
ethanol vehicle (both of which were mixed before addition of
fry) at a density of 33 fish I'l. All immersions were conducted
as described in the previous experiment. Control groups were
assigned to each temperature.

Growth Measurements and Sex Identification
Subsamples of fish (25 to 30) were measured to the closest 0.1 g
after 65 days of growth. Sex ratios were determined by
examination of gonads using squash (10 and 40X) preparations
after Wright (Humason, 1972) staining.

Statistical Analysis

Data were pooled from replicate tanks because there was no
evidence of tank effects within treatments (Chi-square test).

Pairwise comparisons for sex ratio and mortality data were
analyzed using Fisher’s exact test with exact p-values (a more
conservative test than the Chi-square test for small sample
sizes) estimated in GraphPad Prism™.

REesuLTs

In Experiments Ia and Ib, TA immersions resulted in
significant masculinization (P < 0.05); however, the efficacy
of treatment was low. In Experiment Ia the control group
had 44.5 + 3.8% males while TA treatment resulted in

55.9 + 4.1% males (Figure 1a). In Experiment Ib no signif-
icant differences were found between any of the control
groups, and data were pooled (mean = 38.9 + 4.3% males).
TA treatment resulted in significantly more males than the
control (mean = 61.6 * 4.2%). Reuse of the hormone for the
first and second time resulted in slightly more males

(50 £ 4.8 and 51.7 + 3.9%, respectively) than the control
group; however, these results were not statistically differ-
ent (Figure 1b).

In Experiment II we found no significant differences between
control groups and any of the TA-treated groups. No signifi-
cant effects on masculinization were observed when fry was
kept at elevated temperatures (Figure 2). No significant
differences in growth were found between any of the groups
(weight = 1.39 + 0.08 g; total length = 43.4 + 0.7 mm).
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Figure 1. Effects of double immersions on masculinization of Nile
tilapia fry. Graph shows mean percentage of males (+ SE)
obtained after immersions for 3 h in 500 pg 1" of TA or EtOH
vehicle (control; a). Effects of double immersions on fish
immersed in TA and two cycles of reuse of the steroid
solution (first and second reuse; b). The controls represent
pooled data. Fish were immersed at days 1 and 3 after
harvest. The numbers in parentheses indicate the numbers of
fish sampled for each treatment. Asterisks indicate signifi-
cant differences between control and treatment groups.
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DiscussioN

The results of this study indicate that short-term immersions of
Nile tilapia fry (collected from spawning ponds) in masculin-
izing agents cause little or no masculinization of the fry. In a
previous study Contreras-Sanchez (2001) reported that the
period of gonadal sensitivity to exogenous steroids is limited
to five or six days, with the gonad sensitivity to steroids
resembling a normal distribution pattern. According to the
cited paper, masculinization of tilapia fry kept at 28°C starts at
11 days post-fertilization (dpf), continues increasing through
12 dpf, and reaches a maximum at days 13 and 14. By 15 dpf,
the response to steroid administration starts declining. The low
masculinization rates found in our experiments may reflect the
variability caused by multiple spawners, and it is possible that
fry collected from spawning tanks have passed the labile
period at which sex inversion can be accomplished. Several
studies have been devoted to determining this valuable
information in several species of salmonids (reviewed in
Piferrer and Donaldson, 1993). However, most experiments
have focused on attaining high numbers of individuals of one
sex or the other using multiple-day immersion protocols, but
few have approached the delimitation of the labile period by
single immersion protocols.

The immersion technique poses disadvantages in terms of its
feasibility for aquacultural purposes if more than 95% male
populations are required. Early studies on immersion of tilapia
fry in androgens reported 100% masculinization; however,
these studies involved protocols that required one to five
weeks of treatment (Varadaraj and Pandian, 1987; Torrans et
al., 1988). Such a long-term protocol defeats the purpose of the
immersion treatment (i.e., short-term usage of steroids, small
amounts of hormone used, little manipulation of the fry).

It has been proposed that in Nile tilapia, female differentiation
is inhibited by elevated temperatures during a sensitive
period. Contreras-Sanchez (2001) suggested that this thermo-
sensitive period may comprise the same days at which
masculinization can be induced by the exposure of fry to
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Figure 2. Effects of elevated temperatures and double immersions on
masculinization of Nile tilapia fry. Graph shows mean
percentage of males (+ SE) obtained after immersions for 3 h
in 500 pg 1" of TA or EtOH vehicle (control). Fish were
immersed at days 1 and 3 after harvest. The numbers in
parentheses indicate the numbers of fish sampled for each
treatment.

synthetic steroids, and significant masculinization can be
achieved by exposures to 34°C for as short as 3.5 d. In other
studies tilapia fry were masculinized using long-term expo-
sures (30 to 40 d) to elevated temperatures (Baroiller et al.,
1995; D'Cotta et al., 1999; Wang and Tsai, 2000), but apparently
such a long treatment may not be needed if conducted at the
right time. Our results suggest that our treatments may have
missed that window of sensitivity.

More research is needed to investigate if the immersion
protocol can be improved by a combination of such factors and
hormonal treatment. The development of this technology for
masculinization of tilapia may enable farmers to masculinize
tilapia with androgens while minimizing the risk of contam-
ination of ponds with MT.

ANTICIPATED BENEFITS

The implementation of masculinizing trials using immersion
will set up the base for the application of large-scale use of
immersions under farm conditions. This will provide great
opportunities for extending PD/A CRSP research and impacts
to tilapia producers. In previous studies we have shown that
short immersions in synthetic steroids can provide significant
masculinization and that elevated temperatures may enhance
the masculinizing effects of this treatment. However, our
results indicate that more research is needed for large-scale
trials.

The development of this technology for masculinization of
tilapia fry may enable farmers to masculinize fish with
androgens while minimizing the risk of contamination of
ponds with MT. Furthermore, if steroid solutions can be reused
for further masculinization trials, the benefits of the immersion
technique may increase considerably.
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ABSTRACT

Intraspecific breeding programs have been developed to exploit the sex inheritance mechanism in the tilapia Oreochromis
niloticus to produce male populations. These programs are built on the premise that the mechanism of sex inheritance must
conform closely to a monofactorial sex determination with a heterogametic male. Sex inheritance in tilapia, however, appears
to be more complicated. The sex ratio of an individual spawn often does not conform to the expected 1:1 ratio. A better
understanding of sex inheritance in tilapia and the identification of tilapia populations with a minimum variation in progeny
sex ratios from individual spawns is needed for a successful intraspecific breeding program to produce male tilapia.

Nine families of O. niloticus, each from individual pair spawns, were selected based on the sex ratio in the family. Two families
were highly skewed to male (100% male), three were near 50% male, and four were skewed to female. Fish within the same
family were mated, and the sex ratios of the progeny were determined. In the two families that were all males, the males were
mated to females from a family with a sex ratio near 1:1. Ten sets of progeny per family were sexed, with the exception of one
family, from which only eight sets were available.

Sex ratios did not appear to be passed on from one generation to another in the fish used in our study. A realized heritability
for sex ratio of —0.09 was calculated. No family with skewed sex ratios produced progeny from sibling matings with similarly
skewed sex ratios. Family VIII, which had a 1:1 male:female ratio, had a range of 43 to 68% male in its sets of progeny. Family
V, which was 22% male, gave 10 sets of progeny, of which five sets were > 70% male. Families II and VII, which were 100%
male, when crossed with females from Family III gave sets of progeny ranging from 23 to 79% male. When the percentage of
males in the female parent family (III, 40% male) was considered in matings with Families II and VII, 40 and 50% of the
spawns, respectively, differed in sex ratios from the female parent family.

INTRODUCTION

Tilapia culture is one of the fastest-growing forms of finfish
aquaculture in the world. It has broadened its base from being
a subsistence-oriented technology to being a component of
world commerce as a high-quality fillet product exported to
Europe and the US. The commercial market requires a large
fish suitable for providing fillets or being sold whole. Uncon-
trolled reproduction can result in less than 25% of the adults
being greater than 250 g after a six-month culture period, with
the majority of the population being progeny smaller than 10 g
each, with few to no marketable fish.

Monoculture of males prevents reproduction while allowing
the culture of the faster-growing sex. Male populations of
tilapia can be created by hormone sex reversal, but there are
concerns about consumer perceptions of eating hormone-
treated fish. Inter- and intraspecific breeding programs can
result in populations with highly skewed sex ratios, but these
programs often give inconsistent results. Interspecific crosses
have not proven to be practical due to difficulties in main-
taining the parent species integrity. Intraspecific breeding
programs have been developed to exploit the sex inheritance
mechanism in the tilapia Oreochromis niloticus. Females are said
to be homogametic (XX) and males heterogametic (XY). The
presence of the Y chromosome establishes the sex as male.
Selective breeding programs have been developed to produce
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YY males, where the progeny of such males mated with a
normal female (XX) would be all male. For this approach the
mechanism of sex inheritance must conform closely to a
monofactorial sex determination with a heterogametic male.
Sex inheritance in tilapia, however, appears to be more
complicated. The sex ratio of an individual spawn often does
not conform to the expected 1:1 ratio. This lack of conformity
to a simple XX:XY sex inheritance mechanism complicates any
intraspecific breeding program used to produce all-male
progeny. The identification of tilapia populations with a
minimum variation in progeny sex ratios from individual
spawns would be a significant contribution to the development
of an intraspecific breeding program. The following study
addressed the question of the heritability of sex in O. niloticus.

METHODS AND MATERIALS

Broodstock

Nine families of O. niloticus, each from individual pair spawns,
were selected based on the sex ratio in the family. Two families
were highly skewed to male, three were near 50% male, and four
were skewed to female. The total number of fish for each family,
the strain, and the male:female ratio are provided in Table 1.

Fish were kept in 1 x 1 x 2 m hapas of 1.5-mm mesh in 20-m?
concrete tanks. Four hapas were placed in each tank and
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suspended by a frame of treated 2 x 2 lumber. Water was kept
at a 70-cm depth by an adjustable PVC pipe outlet. The water
source was the station’s reservoir of rainwater. Tank water was
not fertilized. Daily maintenance of the tank water consisted of
adjusting water flow in or out and removal of any algae build-
up in the water or on the hapas. Dissolved oxygen and
temperatures recorded from May to September 2000 averaged
9.8 mg I and 28.7°C, respectively, and ranged from 1.1 to

15 mg 1" and 19.9 to 33.7°C.

Fish of each family were sexed and separated equally into the
four hapas at stocking, the exception being Family IX, for
which only two hapas were needed. Once sorted, five males
were placed in each female hapa. All fish were fed once a day
with floating catfish feed to apparent satiation. Feed offered
was adjusted daily as needed. In the case of all-male families, II
and VII, ten females from Family III were used. Females from
Family III were not transferred until after Family IIl had met its
goal of 15 successful spawns.

Seed Collection

Adult females” mouths were checked for eggs every eight to
ten days starting on 20 May 2000. Females with eggs, or fry,
were placed individually in 19-1 buckets and transferred to 75-1
aquaria at the hatchery of the Fisheries Research Station,
Auburn University, Alabama. Females were allowed to
incubate the eggs and were then transferred to 19-1 buckets for
return to their respective families” tank. Females were not
necessarily returned to the same hapa, but even numbers per
hapa were maintained. In families that showed little spawning
activity over two spawning cycles, the males were replaced by
five different males from the same family. The last date females
were examined for the spawns was 31 July 2000.

The hatchery was equipped with ninety 40-1 aquaria on a
recirculating system. Aeration was provided to each aquarium
by a low-pressure blower through a single air stone. Average
water temperature in the hatchery was 28°C. No feed was
offered to females or the sampled spawns during the incuba-
tion and swim-up period.

Fry and Juvenile Management

Aquaria were checked for swim-up fry daily. Spawns were
removed from aquaria upon swim-up. Each spawn was
identified with a tag in a sealed vial. Those spawns that were
estimated to contain over 100 fish were transferred via a 19-1
bucket to either a 20-m? tank or a small suspended hapa. The
20-m? tank was used for grow-out. When one was not avail-
able, fry were kept in a 1.5-mm-mesh hapa, with a volume of
0.5 m3, until a grow-out tank was ready. Fifteen small hapas
were suspended per 20-m? tank. Fry were fed three times daily
to apparent satiation, starting with a #0 floating trout feed. As
fry grew larger, feed changed to #2, and finally #4 floating
trout feed was fed twice a day. Each spawn was grown until
fish were approximately 4 cm long. Upon the completion of the
grow-out period, each spawn was harvested.

Harvest

Each tank was fully drained with a screen placed in the drain.
Fish were then removed from the catch basin with a fine mesh
net and placed in a 19-1 bucket. Spawns were then transferred
to the hatchery for processing. Each spawn was anesthetized in

a solution of MS-222, counted, and 110 randomly selected fish
preserved in a 10% formalin solution in a labeled jar. If fewer
than 110 fish survived, then all were preserved. Preserved
spawns were held a minimum of ten days before being sexed.

Sexing

Each spawn was rinsed in water for a minimum of 24 hours
before dissecting. Sexing consisted of removing the gonads
from each fish, placing each pair on a glass slide, staining the
gonads with Fast Green, squashing the gonads with a second
slide, and then determining sex by microscopic examination.

REsuLTs
Families and Spawns

A total of 88 spawns were collected and sexed from the nine
families of adults. Each family produced ten spawns for sexing
except family VI, which produced eight spawns for the season.
No family gave progeny sex ratios that closely conformed to
that of the family. Family sex ratios and sex ratios of progeny

Table 1. Nine families of known sex ratios* selected for determining
the heritability of sex and the number of siblings of each sex
available for matings on 17 May 2000.

Family Strain Number of Number of Parent M:F
Males Females Ratio*
I Ivory Coast 59 61 45:55
I Ivory Coast 111 0 100:0
I Ivory Coast 34 42 40:60
v Ivory Coast 41 38 25:75
\Y% Egypt 57 38 22:78
VI Ghana 13 72 19:81
viI Egypt 94 0 100:0
VIII Ghana 41 38 50:50
IX Egypt 6 35 18:82

* Note that the parent male:female ratio is that of the family after sexual differentiation and
not the number on hand at stocking.

Table 2. The percentage of males found and the percentage of males
in each set of progeny for the nine parent families, where the
percentage of males in the parent families is known.

Family Males (%)
Parent Per Spawn

1 2 3 4 5 6 7 8 9 10
I 45 23 24 26 48 50 51 52 54 58 61
II 100 23 40 42 44 48 48 51 52 53 56
111 40 25 40 43 44 47 54 56 56 59 59
v 25 25 39 40 41 46 56 58 59 63 74
v 22 43 48 48 63 64 70 71 71 79 86
VI 19 19 38 53 56 57 62 63 68 -- --
Vil 100 27 33 35 43 49 51 54 59 65 79
VIII 50 43 43 48 52 53 55 56 56 57 68
IX 18 31 34 41 43 53 59 66 69 76 80
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Table 3. Percent of spawns that had a sex ratio different from the
parent family sex ratio and from the mean sex ratio of its
sibling pair spawns as determined by Chi square.

Family Spawns Differing  Spawns Differing from
Number from Parent Sex Mean Sex Ratio of
Ratio Sibling Family
(%) (%)

I 40 40

I 100 10

I 60 10

v 90 20

v 100 40

VI 88 25

VII 100 50

VIII 10 10

IX 100 40

from matings within each family are given in Table 2, and the
percentages of spawns that had a mean percentage of males
different than that of the parent family are given in Table 3.
When the original families were considered as to the skewness
of their sex ratio and categorized as skewed to male, female, or
neutral, the progeny varied in sex ratio but had category
means of 47.6 £ 12.8, 55.6 + 15.9, and 48.7 + 11.4% male,
respectively. No one family had a narrow distribution of sex
ratios. The progeny from sibling matings within each family
had a range of sex ratios from a low of 19% in Family VI to as
high as 86% in Family V. The percentages of spawns in which
the mean percentage of males was different than that of the
sibling spawns within the same family are given in Table 3.

Values for inheritance were calculated using a linear regression
between parents and offspring as described by Kirpichnikov
(1981). Values for the regression were for all spawns percent-
age male (Y) compared to the parent percentage male (X),
where h? is equal to the slope (b). Calculations revealed that h?
was -0.09 with an R? value of 0.04.

Environmental Effects on Sex Ratios

High temperature did skew the sex ratio of spawns from
Families VI and VIII but not Family V. The means are shown in
Figure 1. Temperature data for each spawning and rearing
cycle for fish cultured outdoors, along with the mean percent
male for that period, are given in Table 4. There was no trend
in percentage of males over this period related to ambient
temperature.

DiscussioN

The heritability of sex ratio is a fundamental question in tilapia
breeding programs. Variability in sex ratios among individual
spawns has been noted by a number of authors (Shelton et al.,
1983; Mair et al., 1991; Al Hafedh, 1994; Tuan et al., 1999).
Shelton et al. (1983) proposed that it might be possible to select
for specific sex ratios. This would require that sex ratio be a
heritable trait. Wohlfarth and Wedekind (1991) discuss the
heritability of sex determination in tilapia using the data of
Wedekind (1987), who found that selected males from spawns
that were skewed to male gave progeny which were also
skewed to male and that control males from families with

normal ratios gave progeny with normal ratios. Al Hafedh
(1994), using a strain of O. niloticus originally collected from
Lake Manzala, Egypt, selected brooders from families with
known sex ratios and mated various combinations of fish. Two
pair spawns from males of a family skewed to males (75%),
when crossed to females from that family, gave 68 and 75%
male progeny. In three spawns from pairs in which the males
from the male-skewed family were crossed with females from
a family highly skewed to female (99.4%), the progeny were 27,
27, and 69% male. However, using males and females from
more normal ratio families (males from 44 to 46% male families
x females from 42 to 46% male families), seven spawns were
obtained, of which five had sex ratios different than that of the
parent family.

Sex ratios did not appear to be passed on from one generation
to another in the fish used in our study. No family with
skewed sex ratios produced progeny from sibling matings with
similarly skewed sex ratios. Family VIII, which had a 1:1
male:female ratio, had a range of 43 to 68% male in its sets of
progeny. Family V, which was 22% male, gave ten sets of
progeny, of which five sets were > 70% male. Families IT and
VII, which were 100% male, when crossed with females from
Family III gave sets of progeny ranging from 23 to 79% male.
When the percentage of males in the female parent family (III,
40% male) was considered in matings with Family IT and VII,
40% and 50% of the spawns, respectively, differed in sex ratios
from the female parent family.

The low value of h? calculated from a linear regression between
parents and offspring suggests little to no heritability of the
trait sex ratio. This is contrary to studies concerning other
populations where greater levels of heritability for sex ratio
have been calculated. Lester et al. (1989), studying O. niloticus
strains that may have been mixed with O. mossambicus, give a
heritability value of 0.26 for half-sib families. Al Hafedh (1994),
using a sire-dam model to determine sex ratio heritability,
found 0.43 % 0.05 in the first generation and 0.56 + 0.10 in the
second. The strains of O. niloticus used in our study have been
inbred for a number of generations, experiencing several
bottlenecks along the way. This may have been a factor
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Figure 1. Percent males of fry from Families V, VI, and VIII held at a
mid-range temperature (29°C) or at a hot temperature (35°C)
during the period of gonadal differentiation.
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Table 4. Temperature and percent male data for spawning and rearing periods.
Cycle Spawning Period Average Temperature Rearing Period Average Temperature =~ Mean Percent Male
(°C) (°C)

A 5/1-6/3 26.90 + 1.97 6/3-7/3 28.88 + 2.34 51.17 + 16.41
B 5/7-6/7 27.08 £ 1.55 6/7-7/7 29.23 +2.22 52.80+£10.48
C 5/14-6/14 27.93 + 1.61 6/14-7/14 29.43 + 1.08 55.71 +16.78
D 5/19-6/19 28.37 + 2.38 6/19-7/19 29.59 + 1.00 4691 £10.14
E 5/26-6/26 28.72 £ 2.38 6/26-7/26 29.52 + 0.87 44.00 £ 11.62
F 6/6-7/6 29.10+2.32 7/6-8/6 29.48 + 0.97 60.25 +17.02
G 6/10-7/10 29.53+2.12 7/10-8/10 29.54 + 1.00 50.33 + 8.06

H 6/18-7/18 29.57 + 0.98 7/18-8/18 29.42 + 1.08 53.40 £22.70
I 6/25-7/25 29.52 + 0.87 7/25-8/25 2922+ 1.13 52.25+16.25
J 6/30-7/30 29.61 + 0.92 7/30-8/30 29.07+1.13 42.00 +20.07
K 7/3-7/31 29.45 + 0.86 8/3-9/3 29.07+ 1.19 38.00 £ 0.00

contributing to the low heritability. Low heritability for growth
has been found in both the Ivory Coast and Ghana lines.
Teichert-Coddington and Smitherman (1988) found a low
realized heritability for fast growth in the Ivory Coast strain
and attributed that to a small founder stock and subsequent
generations of inbreeding. Hulata et al. (1986) found no
response to selection for rapid growth using the Ghana strain
of O. niloticus.

Water temperature during the time of gonadal differentiation
did appear to affect sex ratios in two of the families tested.
High water temperatures have been shown to skew sex ratios
to male in other studies with O. niloticus and O. aureus. Baroiller
et al. (1995) skewed the sex ratio of O. niloticus to more males
by holding fry at 36°C during gonadal differentiation. Desprez
and Mélard (1998) found similar results with O. aureus, where
the sex ratio was altered to 97.8% male by holding non-
hormone-treated fry at 34°C. Mair et al. (1990) also found that
some matings of O. niloticus were more sensitive to the effects
of temperature on sex ratio than others. This variation in
response among individual fish to temperature is another
factor to be considered in sex determination.

When all the matings from all families are considered as a
whole, the percentage of males is normally distributed around
a mean of 51.4 + 14.2% (Figure 2).
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Figure 2. The frequency of sex ratios observed from the combined sets

of progeny, where the parent sex ratios were skewed to male
or female or not skewed.

This distribution pattern is similar to that seen in studies in
which the sex ratios of individual spawns of normal fish are
given (Shelton et al., 1983; Mair et al., 1991; Al Hafedh, 1994;
Tuan et al., 1999; Warrington, 1999). This pattern suggests a
polygenic mechanism of sex determination susceptible to
environmental influences, where in any one mating a sex ratio
that does not closely conform to 1:1 might be possible. None of
the nine parent families when mated to siblings gave progeny
sex ratios that closely matched that of the parent family. The
diversity of sex ratios in such closed populations reflects a
complex mechanism of sex determination making it difficult to
produce a true-breeding line of fish for use in a YY breeding
program.

CONCLUSIONS

The sex ratio produced by one set of parents was not a trait
inherited and expressed by the progeny. The lack of
consistency from one generation to another and among
sibling matings to give a consistent sex ratio in their
progeny provided evidence that a YY breeding program to
produce male progeny will not be effective for the strains
of O. niloticus evaluated.

ANTICIPATED BENEFITS

The above study illustrates that sex determination in tilapia is
a complicated mechanism of genetic expression not following a
monofactoral mode of control. This degree of complication
suggests that even a highly selective program for developing
brooders for a YY breeding program will not be effective. This
study illustrates the need for developing other methods of
controlling tilapia reproduction.
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MonNosex TiLaPiA PRODUCTION THROUGH ANDROGENESIS
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ABSTRACT

Control of reproduction is vital to aquaculture and includes artificial propagation as well as management of unwanted
recruitment. Developments in manipulation of the reproductive system provide options to enhance production. Nile tilapia,
Oreochromis niloticus, spawning was managed by photoperiod and temperature manipulation. A controlled light cycle of
20L:4D and water temperature of 26 + 2°C directed spawning to a predictable time frame. A developmental rate (t,)
relationship was described and applied to chromosome manipulation. Blond Nile tilapia are homozygous recessive for a color
mutation that was used as a phenotypic marker in the development of protocol for androgenetic induction, while the color
pigmentation for red Nile tilapia is dominant over the wild type color pattern. Androgenotes were produced by neutralizing
the female genome of normal color Nile tilapia or that of red tilapia (600 ] m? UV dose), eggs were activated with sperm from
blond males or Ghana males, respectively, and then the eggs were diploidized with cold shock (11 £ 0.5°C for 60 min) applied
at various times after incubation at 28 + 0.2°C. Shock applied at 69 min post-activation produced greater numbers of
androgenotes than shocks applied at 59 or 79 min post-activation; the shock application time of 69 min was used for induction
with red tilapia stocks. Production of viable diploid androgenotes for crosses involving either red or blond and Ghana stocks
was very low, and no progeny survived to maturity. Thus, neither verification of sex determination in androgenotes nor testing

of monosex breeding was accomplished.
INTRODUCTION

Management of fish reproduction is important to aquaculture,
as one of the major constraints to aquaculture development is
the reliability and sustainability of seed organisms for culture.
Reproductive management may involve production of seedstock
through artificial propagation or, conversely, through develop-
ment of limits to recruitment. Enhancement of spawning can
be by habitat manipulation or through direct hormonal
intervention, while reproductive control also can be direct or
based on more complicated modifications (Shelton, 1989;
Dunham, 1990). Within the context of tilapia farming, this
limitation involves effective and practical control of unmanaged
recruitment. Tilapia culture is one of the fastest growing forms
of finfish aquaculture in the world. Production efficiency and
product marketability in most economies depend on the
capacity to control unwanted reproduction. Various approaches
to monosexing fishes have been applied to culture. Techniques
for managing recruitment have evolved from traditional means
(predator control, hybridization, or hand-sexing) to the current
practice of monosexing by steroid-induced sex reversal, which
has been the industry standard during the past couple of
decades. However, chemical treatment of food fish has become
increasingly constrained, and since this tool could be with-
drawn by governmental regulation, an alternative should be
available. The use of chromosome manipulation is one of the
more recently implemented practices (Shelton, 1989; Dunham,
1990).

Chromosome manipulation, which includes ploidy alteration
or euploidy induction with single-parent genome contribution,
can provide alternative control mechanisms. Ploidy manipula-
tion includes the induction of triploids through polar body
retention or tetraploidy through interference with first zygotic
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mitosis. Euploid alterations include gynogenetic (gynogenote)
diploidization of the maternal genome through polar body
retention (meiogynote) or mitotic interference (mitogynote).
Gynogenesis has been investigated widely, but the develop-
ment of techniques to induce androgenesis, i.e., progeny with
only a paternal genome, is much less studied (Thorgaard and
Allen, 1986). Diploidization of the paternal genome (andro-
genote) is accomplished by interference with first mitosis for
eggs that have been genome-neutralized before activation.
Androgenesis can provide a mechanism for the development
of unique broodstock to use in producing all-male progeny
without the use of sex-reversing steroids.

Within the contemporary atmosphere of increasing govern-
mental regulation on the use of chemicals on food fish,
continued dependency on steroid-induced monosexing places
the culture of tilapias in a precarious position. The recently
developed protocol to develop YY-male tilapia relies on
estrogen treatment, and even though fish to be cultured are
one generation removed from the treatment, the protocol still
depends on progeny testing to identify target broodstock (Scott
et al., 1989; Mair et al., 1997). In contrast, androgenesis offers
the potential of direct induction for YY-male tilapia, without
chemical treatment and ultimately without the need for
progeny testing to identify the unique male broodstock.
Although the genetics of sex determination are based on an
incompletely characterized system (Wohlfarth and Wedekind,
1991; Mair, 1993), the perceived complications might be
minimized by using select strains (“Monosex Tilapia Produc-
tion through Androgenesis: Selection of Individuals for Sex
Inheritance Characteristics for Use in Monosex Production,”
9RCR6A; pp. 39-43 of this volume). A concurrent collaborative
PD/A CRSP-funded study at Auburn University, Alabama,
(R. Phelps, principal investigator) is examining strain varia-
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tions in sex ratio inheritance. Androgenotes from the present
study were to be progeny-tested (males and females) along
with other strains as a component of examining the genetic
basis of sex determination.

Assuming that sex determination is effected by control from a
single pair of chromosomes, a monosex breeding program
using YY-male broodstock might provide such a solution.
Through androgenesis, YY-males can be induced directly,
independent of steroids, and after verification, used without
the need for subsequent progeny-test identification. Sex
determination is characterized by a homogametic/hetero-
gametic genotype; however, autosomal modifier genes may
alter the theoretical 1:1 progeny sex ratio (Shelton et al., 1983;
Wohlfarth and Wedekind, 1991; Mair, 1993). Therefore,
deviations in the expected all-male progeny from YY-male
breeding should be anticipated. Thus, this study proposed to
investigate a protocol to produce androgenotes (progeny with
only a paternal genome) and also to examine the basic
mechanism of sex determination.

Androgenesis should result in offspring of equal sex ratio;
females would be XX and males would be YY. Progeny testing
will be required during experimental development to confirm
that the males are fertile and that only male offspring (XY) will
result when spawned with normal females (XX). Sex ratio of
progeny from crosses of androgenote females with normal
males should be 1:1, and presumptive YY-male androgenote
crossed with normal females would be expected to produce
only male progeny; these results would verify the assumptions
of monochromosomal sex determination. The YY-males would
then be a basis for developing a unique broodstock that would
produce all-male progeny and add insight into the stability
and fidelity of the sex-determining system in tilapia.

Tilapias do not respond well to hormonal induction for
spawning control, but interruption of aquarium spawning so
as to collect gametes might be sufficient to proceed with
chromosome manipulation studies. Chromosome manipu-
lation involves one or two basic treatments after obtaining
fresh gametes (Thorgaard and Allen, 1986). For androgenesis
the first treatment is the deactivation of the female genome.
Ultraviolet (UV) irradiation is preferred for simplicity and
safety but also because it dimerizes the DNA rather than
fragmenting it. Egg activation with untreated spermatozoa
then requires diploidization of the haploid zygote by some
form of shock to interrupt the first mitotic division. Shock is
most often physical, e.g., thermal (cold or hot) or pressure.
Thermal treatment is usually preferred because of the ease of
application and equipment simplicity. In order to prevent
chromosome segregation, the shock must be timed to coincide
with a cytological event, such as disruption of the spindle
fibers during metaphase to prevent karyokinesis, or inter-
ference with the cell duplication during cytokinesis. Thus,
shock type and intensity, duration, and time of application
must be optimally combined into a protocol for maximum
yield of diploid progeny. Further, because the rate of develop-
ment is inversely temperature dependent, either the preshock
incubation temperature must be standardized or the shock
time must be calibrated to account for the temperature effect.
Absolute shock time (minutes post-activation) can be trans-
formed with reference to an index of development rate or
mitotic interval (1), also in minutes (Dettlaff and Dettlaff,
1961). Shock time (1,) can be related to tau (1,/1,) to report
shock protocol in a dimensionless index, which is temperature

compensated (Dettlaff, 1986). A tau curve for the Nile tilapia
and gametic treatment with UV were described during an
earlier segment of this study (Shelton, 1999), and one phase of
the diploidization protocol was reported (Shelton, 2000). Both
gametic treatments (UV and shock) are near lethal, increasing
direct mortality, and further, the genomic diploidization will
increase homozygosity, thereby reducing fitness. Thus,
survival of viable androgenotes to maturity is expected to be
quite low. This report describes the initial development of a
protocol for the production of androgenetic progeny of Nile
tilapia, Oreochromis niloticus.

METHODS AND MATERIALS
Broodstock

The University of Oklahoma stock of O. niloticus used in the
earlier study segments was obtained from Auburn University,
Alabama, in 1982, and it originated in Ivory Coast. The blond
stock was derived from a population in Lake Manzala, Egypt
(Scott et al., 1987, McAndrew et al., 1988) and was obtained
from the University of Wales, Swansea, in 1987. Stock of the
red mutant was also originally derived from Lake Manzala,
Egypt, and a founder population for our work was obtained
from Israel as about 50 juveniles in the fall of 1997. Broodstock
development was delayed until 2000. The red color mutation is
dominant to the wild pigmentation (McAndrew et al., 1988).
During various studies the Ivory Coast population became
hybridized to an unknown level with the blond stock. Since
this is the phenotypic marker that was to be used in our study,
a different stock was obtained for the final series of experi-
ments. Nile tilapia from a Ghana source were obtained from
Auburn University in 1998, but the fish in this founder stock
were small. They were transferred to ponds for the summer to
mature, then overwintered. Fish from this population were
first used in experiments beginning in January 1999. Each stock
(Ghana, blond, and Ghana x blond) was progeny-tested for
color phenotype at developmental stages from hatching to
swim-up; progeny testing of red stocks for color inheritance
began in 2000.

Two basic developmental questions were initially addressed.
One of these was the pigment pattern ontogeny in the various
stocks—Ivory Coast, Ghana (G), and Egyptian (E)—and the
two color mutations, blond (Bl) and red (R), used in the
experiments that were developed from Egyptian stock
(McAndrew et al., 1988). In the trials to induce androgenesis,
one of the two gamete donors (male or female) was from one
of the two color mutants. Pigment development was examined
in the various stocks (IC, G, Bl, R ) and their hybrids. The
sequence of pigmentation provided a means of differentiating
between normally fertilized offspring of IC or G or their
hybrids with color mutants and larvae with only the genome
of the color mutant stock (phenotypic marker). This latter
would identify androgenote progeny as distinct from any
offspring resulting from normal fertilization.

Spawning

Spawning was managed through regulation of photoperiod
(20L:4D) and temperature (26 and 36°C), but this provided
only limited control (Shelton, 1998, 1999). Although injection
with gonadotropic materials is reported to lead to predictable
ovulation (Gissis et al., 1988), we were not able to regularly
duplicate this success. Therefore, behavior was observed so as



ReprobucTiON CONTROL RESEARCH 47

to identify receptive females, and then stripping was accom-
plished in those instances when active courtship and spawning
resulted; spawning was interrupted, and the eggs were
collected from these females. Several females (four to six) were
stocked with one male in four large aquaria (550 liters) or paired
in 200-liter aquaria. Water was aerated and was circulated at the
rate of one turnover per day, and temperature was maintained at
26 + 2°C. The light cycle was controlled by adjusting a timer to
turn on the overhead lighting at 0100 hours; the natural sunset
regulated the end of the photoperiod for a total of about 20L:4D.
Tilapia spawn about 8 to 10 h after the beginning of the light
cycle (Myers and Hershberger, 1991). Ovulation and spawning
readiness were judged by courtship behavior, coloration, and
papilla erection (Rothbard and Pruginin, 1975; Rothbard, 1979).
Females were stripped after initiation of spawning or as
indicated by other characteristics that signal ovulation.
Artificial propagation of tilapia includes gamete stripping, in
vitro fertilization, and surrogate incubation; each component
results in lower survival compared to normal spawning and in
vivo incubation by the female (Rana, 1988).

Fertilization

For developmental rate experiments, eggs were collected in a
clean container, milt was expressed over the eggs, and water
was added directly to initiate activation (Rana, 1988). Fertilized
eggs were placed in incubation chambers submerged in a
water bath within 2 to 3 min, temperature was regulated
closely, and 20 to 30 eggs were examined under magnification
at intervals of 5 min to record cleavage rate. Developmental
rate (7,) is defined by the duration of one mitotic cycle during
early synchronous cleavage (Dettlaff and Dettlaff, 1961). Tau
curves have been used to facilitate chromosome manipulation
studies in various fishes (Shelton and Rothbard, 1993; Shelton
et al., 1997). The tau curve of Nile tilapia was reported in an
earlier progress report (Shelton, 1999); it was described from
mean time intervals between the initiation of the first and third
mitoses in 5 to 10% of the eggs over a range of temperatures
(20 to 30°C). Subsequently, eggs were incubated at 28 + 0.2°C in
upwelling units of one liter capacity with sufficient flow to
gently tumble the developing embryos. For progeny testing of
pigment development, fertilized eggs from natural spawns as
well as from in vitro fertilization were used; observations on
the appearance and pattern of melanophores were recorded at
prehatching, posthatching, and at swim-up stanzas for Ghana,
blond, Ghana x blond, red, and both reciprocal crosses with
Ghana. Fish occasionally spawned outside of periods of
observation, but fertilized eggs were collected from the
brooding females, moved to incubators, and pigmentation
development observed.

Chromosome Treatment

Freshly ovulated eggs were stripped from normally pigmented
Ghana females and allocated into four subsamples. Two to four
hundred eggs (about 2 ml) were placed in each of four 10-cm
petri dishes with enough 28°C water (10 ml) to provide slight
buoyancy. Three subsamples were placed in a UV-crosslinker
(FisherBiotech, FB-UVXL-1000) and exposed to 600 ] m2 UV;
this dosage was determined in an earlier study to be sufficient
to dimerize the female genome (Shelton, 1999). The UV-treated
eggs were activated with freshly collected spermatozoa from a
blond male, then maintained at 28°C on a rotating shaker table;
the untreated eggs (control) were fertilized with milt from the
same male. After 30 min all eggs were transferred from the

petri dishes to screened, individual incubator chambers, which
were submerged in a 28°C water bath. Treated eggs were
subsequently plunged into water in a thermal bath at 11 + 0.5°C
for 60 min; one subsample was cold shocked at 59 min post-
activation, the second at 69 min, and the third at 79 min. The
first shock time coincided with the initial mitotic metaphase,
the second just prior to cleavage furrow formation (cyto-
kinesis), and the third immediately after cell division. After
shock all eggs were returned to the water bath, and then they
were transferred, including controls, into individual flow-
through incubators. Development was monitored through
hatching and swim-up. Beginning in 2000, red female brood-
stock were used as the egg donor and were fertilized (control)
or activated (androgenesis) with sperm from Ghana males.

REesuLTs AND DiscussioN
Developmental Rate

Various experiments were conducted to measure develop-
mental rate; 23 observations between 20 and 28°C established a
tau curve relationship that permitted adjusting shock time to
compensate for incubation temperature differences. For all
experimental treatments, a replication as a control was
included. Twenty-three tests of genome deactivation by UV-
egg treatment at 400 to 600 ] m™ resulted in complete DNA
dimerization. Spermatozoa from males of one of the color
mutants was used to activate treated eggs. Twenty-three trials
were used to optimize diploidization of the haploid male
genome with a shock of 28°C for 60 min at 59 (1.81y), 69 (2.11,),
and 79 (2.41,) min post-activation at 28°C. The time of shock
initiation was adjusted for incubation temperature using a
developmental rate curve, or tau (7)) curve (Shelton, 1999).
Gamete treatment with UV has been the mechanism used to
remove the maternal genomic influence. Egg treatment for
androgenesis is more difficult than treating spermatozoa in
gynogenesis because of the difference in cell size and because
of the complication of orientation with reference to nuclear
position during exposure. A dose rate of about 600 ] m? was
determined to be effective to dimerize the egg DNA. After
shock, eggs were hatched in flow-through incubators. The
hatch rate of androgenotes was very low, and none of the
androgenotes survived beyond juvenile stages. Thus, none
reached maturity so that the expected sex ratio of 1:1 could be
verified, nor could progeny testing of presumptive YY-males
be accomplished so as to determine whether only male
progeny would be produced.

Spawning and Progeny Testing

Photoperiod manipulation permitted spawning activity to be
forced to mid-day. During experiments prior to ploidy studies,
a total of 86 natural spawns and 87 strip spawns resulted in
44 and 16% hatch rate, respectively. Females ovulated and
spawned between about 9 and 14 h (mean = 11.8 h) after the
light-on cycle. Ovulation based on the light cycle was a
reasonable means of predicting stripping time. Hormonal
induction of ovulation would seem to be a logical extension,
but cichlids have responded poorly to gonadotropic therapy
(Rana, 1988). During the summer of 1998, while the Ghana
broodstock were in ponds, progeny testing of blond stocks
continued. Beginning in January 1999, the Ghana stock was
incorporated in the spawning efforts. No spawning occurred
among the Ghana stock until April, then progeny testing was
initiated.
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Five spawns were sufficient to establish the developmental
pattern of pigment for this race. The appearance of melano-
phores in larval tilapia from normally pigmented broodstock is
clearly differentiated from that for blond progeny; 26 crosses
were made with red and Ghana broodstock (R female x G
male, G female X R male , R female x R male), but only 16
resulted in progeny (Table 1). Again, the sequence of pigment
development permitted identification of androgenotes from as
early as prehatch embryos to swim-up; juvenile and adult
pigment of red tilapia is entirely distinct from that of normal
tilapia. The sequence of melanophore development in three
areas is useful for identifying the parental source of progeny;
these areas are the yolk, eye, and brain surface. Progeny of
normally pigmented stocks (Ghana) developed melanophores
first in the eyes and on the yolk surface; pigment cells could be
seen 1 to 2 d prior to hatching. Eye color appeared about 12 h
prior to hatch but was initially diffuse and then developed as a
gradual blending of melanin and gold pigmentation. At
hatching scattered chromatin-filled melanophores were present
on the dorsal surface of the brain and laterally on the body,
adjacent to the notochord and near the yolk sac, but subse-
quently, the melanophores progressed caudad and gradually
increased in abundance. In contrast, progeny of blond stocks
totally lacked pigmentation in these areas until post-hatching,
and then coloration was limited to a gold cast in the eyes. Body
color did not develop during the larval stages, and only non-
pigment bearing melanophores could be seen on the yolk and
brain surfaces. These appeared as shadowy cellular outlines
that contained no melanin. Finally, hybrids between pigmented
females (Ghana) and blond males developed pigmentation in
the areas and in the sequence described for the Ghana stock.
Thus, progeny that have dark coloration in the first several
days post-hatching (until the mouth becomes functional) and

possess genomic contribution from one or both pigmented
parents, but not exclusively from the blond parent(s). The latter
are non-pigmented throughout larval states. Pigment of the red
color mutant is dominant in crosses with normally pigmented
fish; development is first in the eyes, but pale and diffuse
melanophores appear on the dorsal brain surface and lateral
yolk. No permanent melanistic pigment develops subse-
quently; juveniles and adults are predominantly light colored.
Androgenotes derived from blond male parents or red females
can therefore be easily identified from pre-hatching through
swim-up stages.

Chromosome Manipulation

Fertilization rate has been variable; in the six crosses involving
red tilapia for androgenetic induction, some eggs from all
crosses hatched (Table 2), but in the crosses with blond
broodstock, 6 of 17 batches that were strip-spawned (artifi-
cially fertilized) from Ghana females had no development in
controls, but in the 11 other strip-spawned groups that were
artificially fertilized, the hatch rate in controls ranged from
only 4.0 to 11.3% (mean 10.9%). Motility of spermatozoa was
evaluated microscopically and was used only if more than 90%
of cells were viable. Poor quality of ova is most often the
primary cause of developmental failures. Initiation of egg
resorption is common among tilapias, and although it does not
prevent ovulation of the bad eggs, fertilization and hatching
are poor (Peters, 1983). However, some physiological charac-
teristics of tilapia gametes provide advantages in chromosome
manipulation. Eggs retain high fertility for 3 to 6 h post-
immersion in water (Myers et al., 1995), and sperm remain
motile in water for several hours, in contrast to most fishes
(Yeheskel and Avtalion, 1986).

Table 1. Pigment development during ontogeny of Oreochromis niloticus (G — Normal, Ghana; Bl - Blond, Egyptian; R — Red, Egyptian; functional
lower jaw at swim-up) (+++ heavy melanophore pigment; ++ moderate; + light pigment; 0 no pigment; g gold pigment; melanophores
gradually proliferate from initial scattered cells). Female is listed first in each of the progeny test crosses.

Stage at Anatomical GxG G x Bl Bl x Bl R xR RxG G xR

28-30°C Feature

Pre-Hatch Eye ++, g 0 0 + g + g + g
Head 0 0 0 0 0 0
Yolk ++ ++ 0 0 0 0

Hatch Eye 4+ + 0 ++ ++ ++
Head ++ + * + + +
Yolk +++ ++ * + + +

Swim-Up Eye +++ ++ * ++ ++ ++
Head +++ ++ * + + +

*  Empty cells but with no melanistic pigment.

Table 2.  Summary* of induction trials to produce androgenetic Nile tilapia using UV-treated eggs (600 ] m2) from Ghana strain females
inseminated with sperm from blond (Egyptian strain) tilapia and diploidized by shock (11 £ 0.5°C for 60 min) at 1.8, 2.1, and 2.41,,.
Total Eggs Control Hatch 1.81, Hatch 2.17, Hatch 2.4t, Hatch Survival to Maturity
(N, %) (N, %) (N, %) (N, %) (N)
6,655 257, 16% 16, 6%™** 103, 40%** 38, 14%** 0

* Data from 22 trials as reported in Shelton (2000).

** Note — Calculation error in published report (Shelton, 2000) for percent hatch, which is relative to the control; replicates were equal numbers of eggs subdivided into four groups (control and
three treatments), and the original calculations used total egg number per batch as divisor rather than number hatched in the control.
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Hatch rate of UV-treated and cold-shocked ova was signifi-
cantly lower than that of controls, i.e., never more than a
fraction of a percent. Relative to the controls, hatch rate ranged
from about 3% of the control for the shock that started at

59 min after activation to about 22% of the control for the shock
that started at 69 min in the Ghana x blond crosses and to
about 7% in the red x Ghana crosses (Tables 2 and 3). Increased
mortality resulting from the UV-dose was expected due to cell
damage. The late-shock protocol for tetraploid induction that
was successfully developed by Don and Avtalion (1988a,
1988b) and Don (1989) was used as the basis for induction of
androgenesis. Cold shock has a wider time of application

(60 min) compared to heat or pressure shock (2 to 5 min) and
intuitively should provide a greater likelihood of some
successful diploidization. Further, the shock application time
used by the Israeli scientists is based on cytological correlations
that relate well to time factors as described by tau adjustments
(Saat, 1993; Shirak, 1996; Shirak et al., 1998). This is in sharp
contrast to the empirical approach of Mair (1993), Hussain et
al. (1993) and Myers et al. (1995), where shock time application
had little relationship to cytological events.

Hatch in control groups for all six of the R x G crosses and in
eleven trials (G x Bl) indicated reasonably good quality ova
(Table 2). Induction of androgenetic progeny (UV-treated
Ghana ova activated with sperm from blond males or UV-
treated ova from red females and activated with sperm from
Ghana males) was tested by cold-shocking at three post-
activation times (59, 69, and 79 min at 36°C), which correspond
t0 0.75, 0.87, and 1.0T (T = time of first mitosis) or 1.8, 2.1, and
2.51,, respectively. The former (0.75T) is the approximate time
for first mitotic metaphase (Saat, 1993; Rubinshtein et al., 1997),
while the second (0.87T) is just prior to first mitotic cytokinesis
and the optimal induction time for late cold-shock in tilapia as
determined by Shirak et al. (1998). The highest hatch rate of
androgenotes (non-pigmented larvae) was at the 69-min post-
activation shock time; the other two shock times had lower
yields. Induction of androgenotes was attempted using eggs
from red females and sperm from Ghana males, which were
shocked only at 2.11, based on the earlier trials with G x Bl;
induction success was generally lower at about 11% compared
to about 40% (note, relative to control hatch) in the G x Bl
crosses (Tables 2 and 3). Induction success for androgenotes to
hatching does not ensure survival to later stages. From a total
of 157 androgenotes that hatched from the G x Bl crosses, only
57 survived to swim-up, or yolk absorption (Table 2). Addi-

tional mortality during the juvenile stages further reduces the
number that will be available for progeny testing to verify the
production of YY males. None of the androgenotes of the
G x Bl or R x G crosses survived to maturity, so no verification
of sex determination in androgenotes was accomplished.

Optimization of shock protocol is affected by the asynchrony in
cell division; at 28°C, the time from initiation of first cleavage
to end of the last encompasses about 20 min for Nile tilapia
(Shirak et al., 1998). Thus, the shock application and duration
will affect only a small percentage of the cells at an optimal
induction time. Further, even adjusting for the incubation
temperature effect, optimization of treatment time for shock is
complicated by apparent differences in effectiveness of various
types of shock. Thermal shocks were used in the present study
for practical reasons and because their effectiveness has been
as good or better than pressure shock. Don and Avtalion
(1988a) used cold shock for tetraploid induction based on
comparative effectiveness for triploid induction (Don and
Avtalion, 1988b). However, the timing for shock reported by
Myers et al. (1995) at 27 min post-activation (28°C) markedly
contradicts the optimal shock time of 92 min post-activation
(26°C) reported by Don and Avtalion (1988a) and Don (1989),
even when adjusted for the different incubation temperatures.
We reported induction times in the context of developmental
rates (T,) to adjust for temperature-induced differences.
Further, significant differences in optimal shock initiation
induction times for tilapia are apparently related to the type of
shock (cold vs. heat or thermal vs. pressure). Palti et al. (1997)
clearly demonstrated a difference in optimal shock time for
gynogenetic induction with heat and pressure shock for rainbow
trout, Oncorhynchus mykiss. Similarly, Hussain (1995) demon-
strated differential optima between cold, heat, and pressure
shock in Nile tilapia. Shirak et al. (1998) suggested that cold
shock interferes with cell division, while the mechanism for heat
shock has been considered to be disruption of the spindle fibers
during karyokinesis (Mair, 1993).

Several factors contribute to the low yield and survival of
androgenotes. Some of the effects are directly related to the
severity of treatment (UV dose and temperature shock) as well
as probable genetic influences. Ploidy manipulation depends on
the exposure of gametes to near lethal conditions; consequently,
elevated mortality is expected. Induced androgenesis includes
several critical events: handling, UV exposure, and temperature
shock. Eggs are more sensitive to handling than spermatozoa,

Table 3. Induction of androgenotes of Nile tilapia with UV-treated eggs from red tilapia (600 ] m?) inseminated with sperm from Ghana strain
tilapia and diploidized by cold shock (11 + 0.5°C for 60 min) at 2.11,,.
Trial Number of Eggs” Number Hatched Androgenote Survival to Maturity
Swim-U
Control Treatment (Swim-Up)
1 750 40 4 4 0
2 600 28 0 0 0
3 550 42 2 2 0
4 700 22 0 0 0
5 500 36 6 5 0
6 450 16 0 0 0
Total 3,550 184 (10%) 12 (7%)** 11 (6%)** 0
* Divided between control and treatment; note androgenotes are normally pigmented.

**  Relative to control.
***  One red-pigment individual (normally fertilized).
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and the higher UV dose contributes to reduced viability; the
treated eggs are subsequently subjected to a severe temperature.
Because zygotes are diploidized by late shock, all loci are
homozygous, which results in an abrupt increase in the pairing
of detrimental or lethal genes. Thus, zygotes that survive the
trauma of treatment have a reduced viability because of genomic
influence.

Finally, evidence is increasing to suggest that sex determina-
tion among tilapias is not exclusively controlled by sex
chromosomes, i.e., monofactoral, and that Mendelian, and
therefore sex, ratios cannot be uniformly expected (Lester et al.,
1989; Wolfarth and Wedekind, 1991; Trompka and Avtalion,
1993; Miiller-Belecke and Hoérstgen-Schwark, 1995). Shelton et
al. (1983) reported unexpected variations in sex ratios among
progeny of pair-spawned Nile and blue tilapia; Tuan et al.
(1999) repeated the pair-spawning for a different strain of Nile
tilapia and verified the results of Shelton et al. (1983). Further,
Phelps et al. (1999) compared progeny sex ratios from pair-
spawns of the three races of Nile tilapia used in the present
study and found departures from the expected 1:1.

Poor survival of androgenotes from each broodstock continued
throughout the study; the low probability of producing mature
YY-males and the increasing evidence of complications with
reference to sex determination for tilapias convinced us to
suspend the study. Funds for the second year of this study
were reallocated in a subcontract to cover a partial stipend for
an Auburn University graduate student and travel support for
an overseas principal investigator to the annual meeting.

ANTICIPATED BENEFITS

Control of unwanted reproduction in tilapia culture has been
one of the primary considerations affecting successful food
production. Various approaches have been developed and
utilized. Most recently efforts to develop systems that will
allow breeding programs to produce monosex cultures have
been sought. Androgenesis seemed to offer a mechanism that
could directly produce YY-males for use as broodstock to breed
all-male progeny. Development of the induction technology
was successful, but for various reasons survival of andro-
genotes to maturity failed, as did the test of the theoretical
basis for sex determination and monosex production from
androgenote broodstock.
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ABSTRACT

Immersion protocols have been unsuccessful in consistently producing all-male tilapia at a high enough ratio for them to be
commercially viable. This study explored ultrasound to improve on the results of previous immersion studies. Experiments
were carried out to evaluate immersion with ultrasound as a sex-reversal procedure by 1) assessing duration of treatment (one
vs. two hours) on the efficacy of hormone to sex-reverse female tilapia and 2) examining the efficacy of various androgens. Due
to low survival in experiment 2, experiment 3 was conducted with fewer treatments that included only two hormones
(trenbolone acetate, TBA and 17a-methyldihydrotestosterone, MDHT) at two concentrations (100 and 250 pg 1) and with
ultrasound (cavitation level).

Two-hour treatments with ultrasound resulted in a significantly higher percentage of males (92%) than one-hour (73%)
treatments. Ultrasound treatment resulted in significantly higher percentages of males (94%) compared to treatments without
ultrasound (89%). Two of the three replicates of the TBA-250 ug 1! treatment in the third experiment resulted in 100% males
and also in the highest percentage of males (98%). Variability within and between treatments with ultrasound was significantly
lower (91 to 98%) than treatments with no ultrasound (83 to 94%). While there was no concentration effect, treatment of fry in
TBA-250 pg 1! and ultrasound resulted in significantly higher percentages of males (98.5%) than treatment with MDHT and
ultrasound (90.5%). This study thus demonstrated the potential of a short-term immersion protocol using ultrasound to more

predictably produce all-male tilapia seed.
INTRODUCTION

Nile tilapia (Oreochromis niloticus), one of the most commonly
cultured species, is a prolific breeder. Males usually grow faster
than females, so propagation of all-male populations is desirable
to control reproduction and increase production. Methods to
create all-male populations have been developed using various
kinds of androgens (Pandian and Sheela, 1995). A number of
hormones have been found to be effective, although only 17a-
methyltestosterone (MT) is used for commercial production.

Current methods to masculinize populations involve admini-
stration of androgen incorporated in feed. Using this tech-
nique, newly hatched larvae held in hapas or ponds are fed
directly on the pond surface. This method contaminates the
environment. An inevitable inefficiency of this method lies in
the uneven distribution of hormone as feeding hierarchies
develop and some fish get more food than others. Loss of
hormone results from uneaten food as well as dissolution from
feed in the water column. Although dissolved hormones have
been shown to break down in the water column within a week,
long-term persistence of hormones has been documented in
pond sediments (Fitzpatrick and Schreck, 1999). As an alterna-
tive to feeding, immersion of fish in hormone-containing
solution has been used to masculinize salmonids and tilapia
(Piferrer and Donaldson, 1989; Feist et al., 1995; Contreras-
Sanchez et al., 1999).

In a previous study, Fitzpatrick et al. (1998) achieved variable
masculinization of ten-day-old tilapia fry (20 to 92%) by using
17a-methyldihydrotestoterone (MDHT), trenbolone acetate
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(TBA), and MT. Immersing fish in MT solution for 2 and

48 hours resulted in only 20 to 25% males. Gale et al. (1999)
achieved better results (73 to 92% male) when immersion
treatment was applied for three hours on both day 10 and day
13 after fertilization. This inconsistent inversion of sex may be,
in part, due to insufficient and nonuniform uptake of hormone
by tilapia larvae.

A novel method that uses cavitation level ultrasound at low
frequency has been used to enhance transport of compounds in
human as well as fish tissues (Mitragotri et al., 1995; Bart et al.,
2001). While Bart et al. (2001) used a cavitation effect to enhance
delivery of a target compound (calcein) across fish skin and gills,
Mitragotri et al. (1995) used a modified (reduced voltage)
ultrasonic bath to achieve the cavitation effect to enhance
permeation of insulin-like protein across human skin tissue. Both
methods resulted in enhanced uptake of dissolved materials.

In the present study, an immersion protocol combined with
ultrasound exposure was expected to increase transport of
hormones from water into fish. Increased transport was
expected to result in a more consistent and higher rate of
masculinization of tilapia fry. The objective was to assess the
effect of cavitation level ultrasound on sex inversion using four
types of hormones—MT, androstenedione (AN), MDHT, and
TBA—at various concentrations and immersion durations.

METHODS AND MATERIALS

Three experiments were conducted to evaluate variation in
hormone type, duration of exposure, and influence of cavita-
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tion level ultrasound. Three-day-old fertilized eggs were
collected from the Chitralada strain of Nile tilapia from
broodfish held at the Asian Institute of Technology (AIT)
aquaculture research ponds in Thailand. Fertilized eggs (three
days post-fertilization, dpf) from 11 females were pooled and
incubated in hatchery trays as described by Little et al. (1993).
The hatched larvae were collected on the second day of
incubation. Three days after hatch, a high-protein (40% crude
protein) diet consisting primarily of fishmeal was fed five
times per day. Temperature throughout the experimental
period was maintained at 27 to 29°C.

Experiment 1 was a factorial (2 x 2 x 2) randomized block
design. Variables were two hormones (AN and MT), two
concentrations (100 and 500 pg 1'!), and two treatment dura-
tions (1 and 2 h) with three replicates for each treatment.
Experiment 2 used a similar design consisting of three hor-
mones (MT, MDHT, and TBA) and three concentrations

(50 pg I'! for MT and 250 or 100 pg I'! for MDHT and TBA). In
experiment 3, variables included two hormones (MDHT and
TBA) at two concentrations (100 and 250 pg I'!) with or without
ultrasound. A total of 150 larvae per treatment, consisting of
50 larvae per replicate, were subjected to ultrasound.

The immersion solutions were prepared by mixing hormones
MDHT, TBA, AN, and MT with water containing 0.5 ml I'! of
ethanol vehicle, resulting in final concentrations of 50 (MT),
100 (AN and MT), 250 (MDHT and TBA), and 500 ug 1! (AN
and MT). Steroids were obtained from Sigma Chemical
Company (St. Louis, Missouri). Fifty 10-dpf fry were randomly
picked for each replicate and immersed in a modified ultra-
sound bath (Bransonic 1210, Danbury, Connecticut) containing
500 ml of solution at the treatment concentration of hormone.
With the exception of the first experiment, all treatments used
two-hour exposure to hormones. Three levels of controls were
used, in which the first did not receive ultrasound, the second
did not receive hormones, and the third did not receive either
ultrasound or hormones.

The ultrasound bath was modified by reducing the voltage.
Voltage was divided by placing a series of 10 to 60 W/5W
resistors connected to the transducer. An analog meter (Class 2.5,
Mu 45) was used to read the voltage output that drove the
transducer. Voltage ranging from 190 to 520 V was fixed in six
arbitrary incremental steps (190, 230, 420, 440, 480, and 520 V). At
step three, when the voltage was 420, cavitation effects (micro-
bubble formation, growth, and collapse) were clearly visible with
the aid of a hand-held magnifying glass. Larvae were subjected
to each step during the preliminary trials, and 420 V was found
to be the highest level that could be delivered without causing
mortality. Mortality associated with 420 V of ultrasound
exposure was less than 3%, similar to that of the control, and was
therefore selected for the two following experiments.

Larvae (10 dpf) receiving ultrasound were held in a bath
solution for two hours with continuous pulse at 47 (+ 6%) kHz.
Fry were removed after treatment and placed in an aquarium
with continuous aeration until 13 dpf. On day 13 they were
subjected to the same treatment as described above and
allowed to recover in the aquarium three or seven days prior to
stocking in hapas in a pond.

Mortality was recorded at each step of the process. Survival
rates were also assessed between stocking and harvest. Sex
ratio was determined after 144 days post-hatch by simple

dissection and observation of maturing gonads. Observation in
situ (40X) revealed the presence of eggs or sperm. Difference in
sex ratios between six treatments was analyzed using analysis
of variance and chi-square test (a + 0.05; Zar, 1984).

REsuLTs
Experiment 1: Duration of Treatment

The use of ultrasound during immersion was expected to
reduce the time required to achieve masculinization. Of the
two duration treatments (1 and 2 h) assessed using AN and MT
at concentrations of 100 or 500 pg 1, the two-hour treatment
was found to yield a significantly larger percentage of males
(92%) than the one-hour treatment (73%) (P < 0.05; Figure 1).

The immersion treatments using MT resulted in a higher average
percentage of males (90%) compared with AN treatment (75%)
when ultrasound was applied. Controls were subjected to
immersion but not treated with ultrasound. While controls had
one replicate, treatments had two replicates due to limited
number of fry and time to conduct the trials. Percentage of males
from MT treatment was higher than AN treatment (75 and 65%,
respectively) regardless of the duration of treatment. This
suggested higher efficacy of MT for sex inversion compared to
AN. Efficacy of MT was especially amplified when the ultra-
sound was applied. Greater variation between replicates treated
with AN also indicated that AN is a less useful hormone for sex
inversion in tilapia using this protocol.

Survival immediately after the first treatment (10 dpf) was
lower (85%) compared to the control (99%). After the second
treatment (13 dpf), survival was further reduced (79%)
compared to the control (97%). Prior to stocking (7 d post-
treatment), overall survival was 53% in the ultrasound-only
treatment group and high in both hormone immersion-only
and control groups (74 and 76%, respectively; Figure 2).
Treatment durations of one or two hours did not affect
survival. Survival after seven weeks of rearing was again
slightly lower in the treatments than in the control (43 and
55%, respectively).

The difference in survival between treatment and control
during the early part of the experiment could be due to
acoustic stress caused by ultrasound. This study was con-
ducted during the early part of July, when dissolved oxygen in
the seed collection ponds was chronically low (2.2 to 3.1 mg 11
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Figure 1. Percent males at harvest of Nile tilapia, immersed in AN and
MT at 100 and 500 pg 1! for one or two hour duration with or
without ultrasound (us). The control was treated without
ultrasound and without hormone but immersed in 5%
ethanol solution.
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due to overcast days), which may have affected the health of
broodfish and subsequent health conditions of larvae. Another
weakness of this study was the low number of replicates (two)
per treatment, which made it difficult to carry out some
statistical comparisons.

Experiment 2. Comparison of MT, MDHT, and TBA

The second experiment repeated the procedures of the first
experiment, except it used three replicates per treatment and a
lower MT dose (50 pg I'). It also tested MDHT and TBA as
hormones at 100 and 250 pg 1.

Percent males resulting from this procedure was high in all
treatments and significantly higher than in the control. The
largest number of males was obtained from TBA-100 and TBA-
250 treatments (97 and 96%, respectively). The lowest percent-
age of males resulted from immersion only in MDHT-250
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Figure 2. Percent survival at harvest of Nile tilapia immersed in AN
and MT at 100 and 500 pg 1! for one or two hour duration
with or without ultrasound (us). The control was treated
without ultrasound and without hormone but immersed in
5% ethanol solution.
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Figure 3. Percent males at harvest of Nile tilapia fry immersed in MT
at 50 or 100 pg 1" and MDHT or TBA at 100 or 250 pg 1" with
or without ultrasound (us). The control was treated without
ultrasound and without hormone but immersed in 5%
ethanol solution. Treatments with different letter
superscripts indicate mean values that are significantly
different (P < 0.05).

(83%). No significant difference was found between fish treated
with MT at 50 and 100 pg I''. While the effect of ultrasound was
clearly evident for some hormone exposures, no difference in the
effectiveness of ultrasound was observed among all three
hormones and concentrations examined (Figure 3). The
controls in this experiment were slightly male-biased (58%).

Although mortality measured immediately after both sets of
ultrasound treatments was less than 4%, survival was severely
affected by bacterial infection prior to stocking in the pond. All
treatments were similarly affected and mean survival at
harvest ranged from only 18 to 56% (Figure 4).

Experiment 3. Comparison of MDHT and TBA with
and without Ultrasound

In order to verify the results from the second experiment,
which had low survival at harvest in all treatments due to
infection, a third experiment was carried out with only
two hormones (MDHT and TBA), two concentrations

(100 and 250 ug 1Y), and with or without ultrasound
treatments.

Ultrasound resulted in significantly higher (P < 0.05) percent-
ages of males (94%) compared to treatments without ultra-
sound (89%). The exception was MDHT-250, which had similar
values between ultrasound treatments (Figure 5). Two of the
three replicates of the TBA-250 treatment resulted in 100%
males. Moreover, this entire treatment also resulted in the
highest percentage of males (98%). Variation in percentage of
males among fish not treated with ultrasound was significantly
higher (83 to 94%) than variation among fish treated with
ultrasound (91 to 98%). Within a treatment, fish not subjected
to ultrasound were also slightly more variable in percentage of
males (83 to 95%) than fish treated with ultrasound (89 to
100%). Although sex ratio was skewed toward males in the
controls, those treated with ultrasound but no hormone also
had a higher number of males (P < 0.05) than controls without
hormone and ultrasound.
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Figure 4. Percent survival at harvest of Nile tilapia fry immersed in
MT at 50 or 100 pg I'! and MDHT or TBA at 100 or 250 pg 1!
with or without ultrasound (us). The control was treated
without ultrasound and without hormone but immersed in
5% ethanol solution.
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Larvae treated in TBA resulted in a significantly higher
percentage of males (94%) compared to MDHT (89%; P < 0.05).
Furthermore, TBA treatment, when combined with ultrasound,
resulted in a significantly greater number of males (98.5%)
than MDHT with ultrasound (90.5%). There was no
significant difference in the percentage of males resulting
from fry in no-ultrasound treatments using the two
hormones (P > 0.05). Higher concentrations of hormones
(250 mg 1'!) did not result in a greater number of males for
any treatment combination.

Survival to harvest for treated fish (90%) was not significantly
different from controls (95% for fish with ultrasound and no
hormones, 94% for fish with no ultrasound and no hormones;
Figure 6). The survival of ultrasound-treated fry was 98.5%
after the first and second treatments. Low mortality (< 2%) was
observed during the treatment period, the post-treatment
period, and at stocking (98.34%). This low mortality was not
significantly different from control fish.

DiscussioN

In a similar study Gale et al. (1999) used MT and MDHT
immersion for 3 h at a rate of 500 and/or 100 pg I and
achieved an average of 92% males in the most effective
treatment. Unfortunately, variability in the percentage of males
between treatments ranged from 52 to 92%, with a mortality
rate as high as 80% in one control. This enormous variation in
the percentage of males between treatments and between
similar experiments, although difficult to explain, could be
partly because of nonuniform and differential diffusion of
hormones. In comparison, our study using TBA and MDHT
immersion for two hours at 100 and 250 pg 1!, with continuous
pulse ultrasound, had low mortality rates. The most effective
treatment (TBA at 250 pg 1) resulted in 98% males, and in this
treatment two replicates had 100% males. These results are
comparable to those seen in larvae fed MT (Macintosh and
Little, 1995). The number of males in any treatment never fell
below 90% (90.5 to 98.4%) when ultrasound was used. Reduced
variability in percentage of males between and within treat-
ments may be due to a more uniform transport of hormones
into fish larvae when ultrasound is applied. More focused
studies are needed to identify the portal of entry and the
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Figure 5. Percent males at harvest of Nile tilapia fry immersed in
MDHT or TBA at 100 or 250 ug 1! with or without
ultrasound (us). The first control was treated with
ultrasound and without hormone, and the second control
was immersed in 5% ethanol solution without either
ultrasound or hormone treatment. Treatments with different
letter superscripts indicate mean values that are significantly
different (P < 0.05).

kinetics of hormone movement across tissue that is facilitated
by ultrasound.

TBA was clearly the most potent hormone, even when not
exposed to ultrasound. At a higher concentration of TBA,
immersed fry without ultrasound exposure resulted in more
males (94%) than the MDHT treatment with ultrasound (91%).
Despite lower concentrations (250 pg '), more fish per batch
(n =50), and a higher density (1 fish (5 ml)™) used in this study,
the percentage of males was higher in all TBA treatments than
in previous studies using other hormones (Varadaraj and
Pandian, 1987; Leone and Ridha, 1993; Gale et al., 1999).

Although treatments were significantly different from the
controls, controls were observed to have male-biased sex ratios
(57%). The reason for such bias was not clear, and others (Gale
et al., 1999) have reported a similar male-biased phenomenon.
Similarly, controls that were exposed to ultrasound without
hormones had a higher percentage of males (69%) and were
significantly different (P < 0.05) from controls that did not receive
hormones or ultrasound (57%). Ultrasound itself may have an
effect on sex reversal, which needs further examination.

Immersion and ultrasound exposure did not significantly affect
mortality in this experiment. Post-treatment evaluation
immediately and three days after ultrasound exposure
indicated no survival difference between treatments and
controls. High survival was observed in all treatments (82 to
96%). The lowest survival (82%) was observed in treatment
(TBA-250) without ultrasound, while the highest survival
(96%) was observed in the treatment MDHT-100 with ultra-
sound. Controls had similar survival to the treatments.

ANTICIPATED BENEFITS

Three experiments were successfully conducted to assess the
effect of ultrasound on production of all-male tilapia over six
months. Each subsequent study benefited from lessons learned
in the previous experiment. In all experiments the effect of
ultrasound was clearly evident. The first experiment indicated
that two-hour immersion combined with ultrasound produced
consistently larger percentages of males than one-hour treat-
ments. The second experiment illustrated that MT, MDHT, and
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Figure 6. Percent survival at harvest of Nile tilapia fry immersed
in MDHT or TBA at 100 or 250 pg 1'! with or without
ultrasound (us). The first control was treated with
ultrasound only, and the second control was immersed in
5% ethanol solution without either ultrasound or
hormone treatment.
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TBA are all potent inducers of masculinization in tilapia.
However, the results were clouded by high mortality across all
treatments, including the control. The third experiment was
conducted to verify the observation of the second experiment
with fewer variables. TBA at 250 pg 1" was found to be the most
effective hormone in consistently producing a large percentage
(98 to 100%) of male tilapia. The results clearly indicate that this
technique has the potential to replace the currently practiced
technique of feeding testosterone for sex reversal of tilapia.
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ABSTRACT

An experiment was conducted in nine 200-m? fertilized earthen ponds at the Asian Institute of Technology, Thailand, from
January to September 2000. This experiment was designed to assess the recovery of pond mud nutrient by lotus (Nelumbo
nucifera), to assess pond mud characteristics after lotus-fish co-culture, and to compare fish growth with and without lotus
integration. There were three treatments in triplicate: A) lotus-tilapia together; B) tilapia alone; and C) lotus alone. Seedlings
(0.39 £ 0.09 kg) of Thai lotus variety were transplanted to ponds of treatments A and C at a density of 25 seedlings pond-,
while sex-reversed all-male Nile tilapia (Oreochromis niloticus) fingerlings (8.6 to 10.3 g) were stocked at 2 fish m2in ponds of
treatments A and B when the water depth had been increased to 50 cm due to increasing lotus height. Ponds stocked with
tilapia (treatments A and B) were fertilized weekly with urea and triple superphosphate (TSP) at a rate of 28 kg nitrogen and
7 kg phosphorus ha! wk after tilapia stocking. There was no fertilization in ponds of treatment C.

Lotus co-cultured with tilapia or cultured alone in ponds was able to effectively take up nutrients from old pond mud (about
300 kg N and 43 kg P ha! yr!) and resulted in the reduction of nutrients in mud by about 2.4 t N and 1 t P ha! yr. There were
no significant differences in lotus growth performance between treatments A and C, while Nile tilapia cultured alone grew
significantly better than when co-cultured with lotus. The partial budget analysis indicates that lotus cultured alone generated
the highest net return, and lotus contributed the largest portion of net income in lotus-tilapia co-culture. The present experi-
ment has demonstrated the effectiveness of nutrient removal from old pond mud by lotus and the feasibility of rotation and co-
culture of lotus and Nile tilapia technically and economically. Both systems can recycle nutrients effectively within ponds and

are environmentally friendly culture systems.
INTRODUCTION

Regular fertilization and feeding in fish ponds result in
nutrients being deposited in pond mud. One hectare of old
pond mud was reported to have the equivalent of 1.85 tons of
urea and 2.30 tons of triple superphosphate (TSP; Shrestha and
Lin, 1997) or 2.8 tons of urea and 3.0 tons of TSP (Yang and Hu,
1989). Pond muds are a major sink for phosphorus, and
adsorption capacity is related to mineral composition and clay
content of pond muds (Shrestha and Lin, 1996). Release of
adsorbed-P to the water column is minimal, and phytoplankton
are not as effective in utilizing adsorbed-P as rooted crops. Roots
extended in interstitial water of soil provide a better opportunity
to extract P from soil (Denny, 1972; Boyd, 1982; Smart and Barko,
1985), and hence, nutrient-rich mud removed from fish ponds
has been widely used to fertilize rooted land crops such as
mulberry (Hu and Yang, 1984), forage crops (Yang and Hu,
1989), and maize (Christensen, 1989). However, removing pond
mud is labor intensive and its practicability is questionable
(Edwards et al., 1986; Little and Muir, 1987).

Alternatively, aquatic macrophytes may utilize reserve
nutrients in muds by either rotation between two crops or co-
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culture with fish. Although in actual practice fish and aquatic
macrophytes are rarely raised together in the same system, the
co-culture and rotated culture of lotus (Nelumbo nucifera) and
fish have been practiced in China for many years. Hoffmann
(1934, cited by Edwards, 1987) reported that a farmer reared
fish in the same pond as lotus in China but with only 50% of
the usual number of fish because they grew more slowly than
when raised alone. The rotation of fish and aquatic macro-
phytes may give farmers two crops to market rather than one
and could sustain them if a loss occurred in one of the two
ventures (Edwards, 1987).

Lotus is an aquatic emergent plant that grows as tall as 1.5
meters. Lotus is an important and popular cash crop in many
Asian countries. Lotus has multiple uses, for example, stems as
fresh vegetables; rhizomes as fresh vegetables, canned food,
dessert, and starch; seeds as dessert and medicine; flowers as
religious ornaments; and several parts as raw materials to
produce cosmetics. It is commonly planted in fields or ponds
with nutrient-rich mud and has a growing season of three to
five months for the Chinese rhizome variety that does not
flower or produce, and five to eight months for the Thai
variety. It can extract nutrients from old pond mud efficiently.
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Water levels of ponds can be increased as lotus grows. Fish can
be stocked when water levels reach 30 cm and harvested four
to five months after lotus is planted. Additionally, lotus shoots
provide substrate for growth of epiphytic algae that are
consumed by tilapia (Bowen, 1982; Lowe-McConnell, 1982;
Shrestha and Knud-Hansen, 1994).

The purposes of this study were to:
1) Assess the pond mud nutrient recovery by lotus plants;
2) Assess pond mud characteristics after lotus-fish co-
culture; and
3) Compare fish growth with and without lotus integration.

METHODS AND MATERIALS

The experiment was conducted using a randomized complete
block design in nine 200-m? earthen ponds at the Asian
Institute of Technology (AIT), Thailand, from January to
September 2000. There were three treatments in triplicate:

A) lotus-tilapia co-culture, B) tilapia alone, and C) lotus alone.

All ponds were used for intensive fish culture with commercial
pelleted feed prior to this experiment. The ponds were dried
for one month and filled with water to 10 cm deep one day
prior to lotus transplanting. Seedlings of Thai lotus variety,
purchased from a local farm, were transplanted to ponds of the
lotus-tilapia and lotus alone treatments (A and C) at a density
of 25 seedlings pond! on 22 January 2000. The average length
and weight of the transplanted lotus seedlings were 1 m and
0.39 + 0.09 kg, respectively. After lotus seedlings were trans-
planted, water was added weekly to all ponds and water depth
increased as the height of lotus increased. Sex-reversed all-
male Nile tilapia (Oreochromis niloticus) fingerlings (8.6 to 10.3 g
in size), obtained from AIT Hatchery, were stocked at 2 fish m™
in the lotus-tilapia and tilapia-alone treatments (A and B) on

9 March 2000, when water depth reached 50 cm. Water depth
was increased continuously up to 1 m with the growth of lotus,
and it was maintained at 1 m throughout the rest of the

experimental period by adding water weekly to replace
evaporation and seepage losses. Ponds stocked with tilapia
(treatments A and B) were fertilized weekly with urea and TSP
at a rate of 28 kg nitrogen (N) and 7 kg phosphorus (P) ha™ wk!
after tilapia stocking. There was no fertilization in ponds of the
lotus-alone treatment (treatment C).

During the experiment there was no fish sampling and no
removal of dead lotus parts such as dead leaves from ponds.
Matured lotus pods with seeds were harvested periodically
and air-dried to separate seeds (with husk). On 14 September
2000, all ponds were drained. Tilapia were harvested after 189
days of culture, while different parts of lotus (flower, pod, leaf,
stem, and root) were harvested separately (after 236 days of
cultivation).

Integrated water samples were taken biweekly from the entire
water column near the center of each pond at about 0900 h for
analyses of pH, alkalinity, total ammonium nitrogen (TAN),
nitrite-N, nitrate-N, total Kjeldahl nitrogen (TKN), soluble
reactive phosphorus (SRP), total phosphorus (TP), chlorophyll
a, total suspended solids (TSS), and total volatile solids (TVS)
(APHA et al., 1985; Egna et al., 1987). Water temperature and
dissolved oxygen (DO) were also measured at the time of
collecting water samples with a YSI model 54 oxygen meter
(Yellow Springs Instruments, Yellow Springs, Ohio).

The nutrient budgets for nitrogen and total phosphorus in
ponds during the experimental period were calculated based
on inputs from water, stocked tilapia fingerlings, transplanted
lotus seedlings, fertilizers, and soil as well as on losses in
harvested tilapia and lotus, discharge water, and mud. Mud
samples were collected with 5-cm-diameter plastic tubes from
the top 10 cm of pond bottom before lotus introduction and
after fish and lotus harvest. Total nitrogen (TN) and TP in
samples of mud and different parts of lotus and tilapia at the
beginning and end of the experiment were analyzed using the
methods described by Yoshida et al. (1976).

Data were analyzed statistically by analysis of variance and t-
test (Steele and Torrie, 1980) using SPSS (version 7.0) statistical

Table 1. Growth performance of Nile tilapia cultured alone and
integrated with lotus for 189 days in 200-m? ponds. Mean
values with different superscript letters in the same row
were significantly different (P < 0.05).

Parameters Treatment A Treatment B

(Lotus-Tilapia) (Tilapia Alone)

STOCKING

Density (fish m?) 2 2

Total No. of Fish 400 400

Mean Weight (g fish™) 9204 9.6 +0.4

Total Weight (kg) 37x02 39+0.2
HARVEST

Mean Weight (g fish™) 58.4+3.1° 1175 +6.4°

Total Weight (kg) 10.0£1.3° 385+1.2°

Survival Rate (%) 42.6 +3.7% 82.3 +3.5°
WEIGHT GAIN

Mean Weight Gain (g fish™”) 49.1+35° 107.8 +6.1°

Daily Weight Gain (g fish* d') 0.26 +0.02° 0.57 +0.03°

Total Weight Gain (kg) 6.3+14"° 34.6+1.2°

Net Yield (kg ha™ yr) 608.7 +134.8° 3,344.6 +113.4°

Gross Yield (kg ha” yr) 964.3 +123.3% 3,717.0 +113.2°

Table 2. Growth performance of lotus cultivated alone and integrated
with Nile tilapia for 236 days in 200-m? ponds. Mean values
with different superscript letters in the same row were
significantly different (P < 0.05).

Parameters Treatment A Treatment C

(Lotus-Tilapia) ~ (Lotus Alone)

TRANSPLANTING

Density (seedlings pond™) 25 25
Total Biomass (kg pond™) 9.90 £0.10 9.38 £0.48
HARVEST

Leaf (kg pond™) 429.93 £37.07 450.19 +36.03
Pod (kg pond™) 11.50 £0.74 14.25 +1.61
Flower (kg pond™) 510 +2.86 7.16 £1.63
Root and Stem (kg pond™)  159.13 £14.92 177.33 £6.34
Total Biomass (kg pond™)  605.67 +32.89 648.92 +28.10

BioMAss GAIN (kg pond™) 595.77 £32.87 639.55 +28.17

NET YIELD (t ha’ yr) 46.07 +2.54 49.46 +2.18

GROSS YIELD (t ha™ yr™) 46.84 +2.54 50.18 +2.17
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software package (SPSS Inc., Chicago, Illinois). Differences
were considered significant at an alpha level of 0.05. All means
were given with * 1 standard error (SE).

A partial budget analysis was conducted to determine eco-
nomic returns of lotus-tilapia integrated culture, tilapia alone,
and lotus alone (Shang, 1990). The analysis was based on farm-
gate prices in Thailand for harvested tilapia and lotus products
(seeds and flowers) and on current local market prices for all
other items expressed in US dollars (US$1 = 40 baht). Farm-
gate price of Nile tilapia varied with size: $0.250 kg'1 for size 50
to 100 g and $0.375 kg‘l for size 100 to 200 g. Farm-gate prices
of lotus seeds and flowers were $0.75 kg‘l and $0.125 piece‘l,
respectively. Market prices of sex-reversed all-male Nile tilapia
fingerlings ($0.0125 piece™), lotus seedlings ($0.125 piece™),
urea ($0.1875 kg™), and TSP ($0.3125 kg!) were used. The
calculation for cost of working capital was based on an annual
interest rate of 8%.

REesuLTs

All growth performance parameters showed that Nile tilapia
grew significantly better in the tilapia-alone treatment (B) than
in the lotus-tilapia treatment (A), indicating that lotus had
significantly negative effects on tilapia growth when they were
cultured together (P < 0.05, Table 1). Lower survival coupled

with slower growth caused only a marginal gain of tilapia
biomass in the lotus-tilapia treatment (A, Table 1). Although
there were no nutrient inputs in ponds of the lotus-alone
treatment (C), lotus growth performance was slightly higher in
treatment C than in the lotus-tilapia treatment (A), but this was
not significant (P > 0.05, Table 2). The addition of chemical
fertilizers did not increase lotus biomass production in the
present experiment.

The proximate compositions of Nile tilapia, lotus, and mud are
summarized in Table 3. The nutrient budgets indicate that the
dominant nutrient source was mud in all treatments (Table 4).
At the end of the experiment, mud in all treatments still
contained the most TN and TP, followed by lotus, while tilapia
only contained a small fraction of nutrients from mud or
fertilizers (Table 4). In treatments with lotus (A and C), there
were no significant differences in nutrient contents between
each output component (P > 0.05), which were significantly
different in nutrient content from the treatment without lotus
(P < 0.05, Table 4). The largest portion of both TN and TP that
disappeared from ponds was not accounted for, and the
unaccounted TN and TP contents were significantly higher in
the lotus-tilapia treatment than in the tilapia-alone and lotus-
alone treatments (P < 0.05, Table 4). There were no significant
differences in amounts of nutrients recovered by lotus between
the lotus-tilapia treatment and the lotus-alone treatment

Table 3. Moisture (%) and TN and TP composition (mg g1, dry matter basis) in Nile tilapia, lotus, and mud for each treatment.
Parameters Beginning End
A B C A B C

TILAPIA

Moisture 75.50 75.50 - 79.80 78.20 -

N 100.15 100.15 - 102.00 95.97 -—-

P 9.20 9.20 - 11.27 10.56 -—-
LOTUS SEEDLING

Moisture 62.80 - 62.80 - - -

TN 5.65 - 5.65 - - -

P 5.35 - 5.35 - - -
LOTUS LEAF

Moisture - - - 73.11 - 74.86

TN - - - 31.16 - 30.94

P - - - 3.53 - 3.52
LoTus FLOWER

Moisture - - - 77.63 - 75.98

TN -—-- -—-- -—-- 22.76 -—-- 24.45

TP -—-- -—-- -—-- 3.54 -—-- 3.72
Lotus Pop

Moisture - - - 74.24 - 74.22

TN - - - 17.35 - 19.63

TP -—-- -—-- -—-- 2.41 -—-- 2.89
LoTuUSs STEM AND ROOT

Moisture - - - 86.05 - 85.90

TN - - - 14.96 - 13.06

P - - - 6.33 - 6.73
Mup

Moisture 40.41 44.01 37.58 58.13 54.14 58.82

TN 2.18 1.79 2.12 0.34 0.94 0.35

TP 1.12 0.94 0.98 0.34 0.62 0.35
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(P > 0.05), while the amount of nutrients recovered by tilapia
was significantly higher in the tilapia-alone treatment than in
the lotus-tilapia treatment (P < 0.05, Table 5). The inclusion of
lotus in ponds resulted in the significantly greater reduction of
nutrient contents in mud compared to ponds without lotus

(P < 0.05, Table 5). However, the application of chemical
fertilizers in the lotus-tilapia treatment did not cause signif-
icantly greater amounts of nutrients to remain in pond mud
than were present in the lotus-alone treatment, in which no
chemical fertilizers were added (P > 0.05, Table 5). In the lotus-
alone treatment (without adding fertilizers), lotus could
recover about 301 kg N and 43 kg P ha'? yr'!, which resulted in
the reduction of nutrients contained in mud by 2.38 t N and
091t Pha' yr! (Table 5).

The mean and final values of water quality parameters
indicated that DO concentrations at dawn were significantly
higher in the tilapia-alone treatment than in the treatments
with lotus throughout the experimental period (P < 0.05, Table
6, Figure 1). The pH fluctuated during the experimental period
and was significantly lower in treatment A than in treatments B
and C at the end of the experiment (P < 0.05). Mean pH values
were not significantly different among treatments (P > 0.05).
Water temperature ranged from 26.0 to 32.2°C over the
experimental period, and the mean values were significantly
lower in the treatments with lotus than in the tilapia-alone
treatment (P < 0.05, Figure 1). Alkalinity in the treatments with
tilapia decreased over time and was significantly lower than in
the treatment without tilapia (P < 0.05, Figure 2). Concentra-
tions of different nitrogen forms were significantly higher in
the tilapia-alone treatment, intermediate in the lotus-tilapia
treatment, and lower in the lotus-alone treatment (P < 0.05,
Figure 2), while there were no significant differences in TP and
SRP concentrations among treatments. Concentrations of
chlorophyll a and solids (TSS and TVS) were also significantly
higher in the tilapia-alone treatment, intermediate in the lotus-

tilapia treatment, and lowest in the lotus-alone treatment
(P < 0.05, Figure 3).

The partial budget analysis (Table 7) indicated that the lotus
treatments produced positive net returns, while tilapia alone
had a negative net return. The lotus-alone treatment produced
the highest net return because there were no other inputs
except lotus seedlings.

DiscussioN

It is feasible to co-culture tilapia and lotus in the same ponds.
Compared with Nile tilapia growth in most semi-intensive
culture, Nile tilapia grew quite slowly even in the tilapia-alone
treatments, which might be related to the decreasing alkalinity
throughout the experimental period due to no liming in this
experiment. The significantly lower growth and higher
mortality of tilapia in the lotus-tilapia treatment might result
from shading by lotus leaves, which could reduce phyto-
plankton production and cause low DO concentration in
ponds. Dead lotus leaves were not removed from ponds, and
the decomposition further worsened the water quality,
especially DO. If the lotus density is optimized and dead lotus
vegetation is well managed, such an integrated lotus-tilapia co-
culture system may have potential in many Asian countries
where lotus is commonly cultivated.

The production of lotus biomass in ponds without fertilization
was not significantly different from that in ponds stocked with
tilapia and fertilized. This indicates that the nutrient content in
the old pond mud was sufficient or exceeded the amount
required for lotus growth. Shrestha and Lin (1997) reported
that nutrients diluted by 50% in old pond mud were sufficient
to support the growth of cowpea (Vigna unguiculata L. Walp.), a
terrestrial legume, and taro (Colocasia esculenta L. Schott), a
semi-aquatic crop, in pot experiments. The extrapolated lotus

Table 4. Nitrogen and phosphorus budgets in different treatments over the 236-day experimental period. Mean values of nutrient outputs and
gains with different superscript letters in the same row within each nutrient category were significantly different (P < 0.05).

Parameters Total Nitrogen Total Phosphorus
(ke) A B A B c
INPUTS
Fertilizers 14.90 + 0.00 14.90 £0.00 e 3.70+0.00 3.70 £0.00 -
Lotus 0.02+0.00 - 0.02 £0.00 0.02+0.00 e 0.02 £0.00
Tilapia 0.09+0.00 0.10 £0.00 - 0.01+0.00 0.01£0.00 e
Water 0.27+0.01 0.35+0.01 0.28 £0.01 0.04 +0.00 0.05 £ 0.00 0.04 £0.00
Mud 36.06 +2.98 31.67 +1.59 35.04 +3.63 18.86 +1.49 17.18 +1.61 16.13 +1.76
Total 51.34+2.99 47.02 +1.57 35.34 +3.63 22.63+1.49 20.95+1.61 16.19+1.76
OurpUTS
Lotus 3.94+0.54 - 3.92+£0.12 0.56 +0.05 - 0.58 £0.03
Tilapia 0.22+0.03° 0.79+0.01° - 0.02+0.00° 0.09 £0.01° -
Water 0.51+0.03° 1.85+0.19° 0.46 +0.18° 0.07 +0.02 0.06 £0.00 0.06 £0.01
Mud 5.68+£0.84° 14.84+1.77° 4.27 £0.55° 5.35+0.52° 9.68 +0.68"° 4.39 +1.14°
Total 10.34+1.33° 17.48 £1.57° 8.64+0.75° 6.00+0.54° 9.84+0.68° 5.03+£1.17°
GAINS
Lotus 3.92+0.54 - 3.90£0.12 0.54 +0.05 - 0.56 £0.03
Tilapia 0.13+£0.04° 0.70+0.01° - 0.02+0.00° 0.08 £0.01° -
Water 0.23+0.02° 1.50 £0.19° 0.18+0.18° 0.03+0.02 0.01£0.00 0.02+0.01
UNACCOUNTED 41.00+3.05° 29.54 £0.89° 26.69 +2.90° 16.63+1.03° 11.12 £1.12° 11.16 £ 0.67°




NEw AQUACULTURE SysTEMS/NEw SpecIES RESEARCH 63

Table 5. The efficiency of nutrient removal from applied fertilizers
and mud in different treatments over the 236-day experi-
mental period. Mean values with different superscript
letters in the same row were significantly different (P < 0.05).

Parameters Treatments
A B C
NITROGEN
Recovered by Lotus
(kg pond™) 3.92+0.54 - 3.90+0.12
(kgha'yr') 303.05+41.56 - 301.20+£9.49
(%) 778+1.21° - 11.29 +0.83°
Recovered by Tilapia
(kg pond™) 0.13+0.03* 0.70+£0.01° -—--
(kg ha™ yr) 9.71 +2.69* 54.02+0.42° —
(%) 0.25+0.07* 1.50+0.05° -
Total Recovered
(kg pond™) 4.04+057* 070+£0.01°> 3.90+0.12°
(kgha' yr') 312.78 £44.20° 54.02 £ 0.42"° 301.20 + 9.49°
(%) 8.03+1.28° 150+£0.5° 11.29+0.83°
Reduction in Mud
(kg pond™) 30.38+£2.71° 16.84+0.94" 30.77 +3.09°
(tha' yr) 235+0.21* 1.30+£0.07° 238+0.24°
(%) 84.24 +2.06° 53.37+3.70° 87.87+0.32°
PHOSPHORUS
Recovered by Lotus
(kg pond™) 0.54 +0.05 - 0.56 +£0.03
(kgha'yr') 41.87+3.87 - 43.44+2.35
(%) 241+0.21° - 3.53+0.29°
Recovered by Tilapia
(kg pond™) 0.02+£0.00* 0.08+0.01° -
(kg ha™ yr) 117 £0.15°  6.13+£0.62° -
(%) 0.07 £0.01* 0.39+0.06° -
Total Recovered
(kg pond™) 0.56 £0.05* 0.08+0.01"* 0.56+0.03°
(kgha'yr') 43.04+4.02° 6.13+0.62" 43.44+2.35°
(%) 248+0.22° 0.39+0.06° 3.53+0.29°
Reduction in Mud
(kg pond™) 13.51+1.02* 7.50+1.12° 11.74+0.69°
(tha' yr) 1.04+0.08° 0.58+0.09° 0.91+0.05°
(%) 71.70 £1.06* 43.25+3.33" 73.56+3.89°

biomass gain was about 11 dry t ha™! yr! in this experiment,
which was similar to that (11 to 16 t ha! yr'!) of lotus planted in
an old pond (calculated from Mon, 2000) and that (10 to

12 tha! yr'!) of cowpea in pots but lower than that (35 to

46 tha! yr!) of taro planted in pots filled with old pond mud
(calculated from Shrestha and Lin, 1997).

One hectare of old pond mud has been reported to contain the
equivalent of 1.85 t urea and 2.30 t TSP (Shrestha and Lin, 1997)
or 2.8 t urea and 3.0 t TSP (Yang and Hu, 1989). The old mud of
ponds used in this experiment contained higher nutrient
concentrations, which were equivalent to 3.44 to 3.92 t urea
and 4.11 to 4.81 t TSP hal. After 236-day cultivation of lotus,
pond mud nutrients decreased by about 1.53 t N ha' and

0.63 t P ha'! (more than 80% of N and 70% of P contained in old
pond mud), which are equivalent to 3.33 t urea and 3.22 t TSP.
This reduction was much higher than that reported by Mon

Table 6.  Final and mean values of water quality parameters measured
in different treatments over the experimental period. Mean
values with different superscript letters in the same row were
significantly different among treatments (P < 0.05).

Parameters Treatments
A B C
FINAL VALUES
DO (mg1") 1.23£0.12° 4.27+0.57° 0.81 £0.40°
Temperature (°C) 27.0+0.2 27.7+0.1 27.0+0.6
pH 6.3+0.1° 6.7+02" 6.8+0.1°
Alkalinity 23+105° 15+£1.8° 125+20.7°
(mg 1" as CaCO;)
TKN (mg 1) 2.72+0.18" 10.18 £ 1.14" 2.51+0.96°
TAN (mg1") 0.59 £0.43* 3.06+0.12° 0.05+0.05°
Nitrite-N + Nitrate-N  0.09 £0.04* 0.37 +0.08" 0.00 +0.00°
(mg17)
TP (mg1") 036+0.11 0.34+0.01 0.32+0.04
SRP (mg17) 0.17+£0.12 0.04+0.02 0.19+0.06
Chlorophyll 2 (mg m?®) 21+5.1° 57+89° 19+25°
TSS (mg 17) 20+£1.0° 61+£6.9° 10+24°
TVS (mg17) 10+0.8° 14+14° 7+1.5°
MEAN VALUES
DO (mg1") 1.81+£0.16° 4.35+0.27° 1.40 £0.26°
Temperature (°C) 28.5+0.1° 29.8+0.0* 28.0+0.2°
pH 6.9+0.0 70+0.1 7.0x0.1
Alkalinity 61+57°  45+1.9°  98+42°
(mg 1" as CaCO;)
TKN (mg 1) 3.22+0.12* 6.32+0.46" 1.96+0.45°
TAN (mg1") 2.14+0.26° 3.42+0.22° 0.23+0.02°¢
Nitrite-N + Nitrate-N  0.55+0.13* 0.56 +0.05° 0.12+0.01°
(mg17)
TP (mg17) 027+0.03 0.18+0.01 0.20+0.03
SRP (mg17) 0.07+0.04 0.01+0.00 0.08+0.03
Chlorophyll 2 (mg m®) 22+0.9° 40+22% 14+15°¢
TSS (mg 1) 22+1.6° 49+1.5* 14+17¢
TVS (mg17) 9+04° 12+£0.5° 7+0.2°

(2000; 1.16 t N ha! and 0.39 t P ha''), due probably to the
shorter cultivation period (119 days) in that experiment. Lotus
incorporated about 12.8% N and 4.4% P from pond mud in the
present experiment. Lotus did take up N by 0.30 t ha! yr! and
P by 0.04 t ha'! yr!, which are rates similar to those taken up by
lotus (0.30 to 0.44 t N ha! yr! and 0.04 to 0.05 t P ha'! yr)
reported by Mon (2000), but lower than amounts taken up by
cowpea and taro (0.68 t N ha'! yr! and 0.06 t P ha! yr, and
0.73tNha! yr!and 0.09 t P ha! yr, respectively) in pot
experiments (calculated from Shrestha and Lin, 1997).

In the aquatic macrophyte—fish co-culture system, the main
problem we found was the low water quality for fish growth
due to the shading effects of lotus. The shading effects of
macrophytes may lead to reduced phytoplankton production,
lower DO concentration, and increased concentration of free
carbon dioxide in the water column with a concomitant fish
kill (Edwards, 1980). In the present experiment, we believe the
shading effects of lotus leaves caused lower phytoplankton
standing crop and lower DO concentrations, resulting in the
poor performance of Nile tilapia in the lotus-tilapia co-culture
system. However, lotus might help maintain higher alkalinity
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and lower TAN levels, which might potentially benefit the co-
cultured fish. Thus the lotus-tilapia co-culture system needs
further testing.

The net return from selling lotus seeds and flowers was highest
in the ponds without fertilization but with lotus alone; sale of
lotus seeds and flowers contributed to the largest portion of
net return from ponds with lotus and tilapia. If the experi-
mental period were adjusted or extended for two months to
cover the cool season for developing lotus rhizomes, the net
return would be much higher because lotus rhizomes fetch a
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Figure 1. Mean DO and temperature (0900 h) in all treatments over the
160-day experimental period.

—eo—Lotus + Tilapia —m—Tilapia —&—Lotus

90 1

Alkalinity (mg 1)
[oN)
[e]

@W
o

TAN (mg 1)

0 50 100 150 200 250
Experimental period (d)

Figure 2. Mean total alkalinity and TAN (0900 h) in all treatments over
the 160-day experimental period.

good price. In an experiment using the Chinese vegetable
variety of lotus to recover nutrients from old pond mud,
the extrapolated rhizome production from 6-m? compart-
ments in a 200-m? pond for four-month cultivation of lotus
reached 38 t ha! yr'! and a value of about US$12,000 (Mon,
2000).

The practice of rotating fish with macrophytes is reported to
have at least declined considerably in China due to greater
profitability from raising fish year-round, while rotation of
fish and agricultural crops was done much less frequently in
Eastern Europe due to the wider use of fertilizers (Edwards,
1987). However, with the high net economic return from
cultivating lotus in fish ponds shown by Mon (2000) and the
present experiment, economic incentives may make the
rotation or co-culture of lotus and fish attractive to farmers.
For example, some farmers in China have changed their
ponds from culturing fish to cultivating lotus in recent years
because Chinese carp culture is less profitable than lotus
cultivation due to oversupply of fish (Yang Yi, personal
observation).

The present experiment has demonstrated the effectiveness of
nutrient removal from old pond mud by lotus and the feasi-
bility of rotation and co-culture of lotus and Nile tilapia. Both
systems can recycle nutrients effectively within ponds and are
environmentally friendly culture systems. Further research is
needed to refine the lotus-tilapia co-culture system and make it
profitable.
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Figure 3. Mean chlorophyll 4, TVS, and TSS (0900 h) in all treatments
over the 160-day experimental period.
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Table 7. Partial budget analysis for integrated lotus-tilapia co-culture (treatment A), tilapia alone (treatment B), and lotus alone (treatment C) in
the 236-day experiment (based on 200-m? ponds).
Item Unit Price Treatment A Treatment B Treatment C
(US$) Quantity Value Quantity Value Quantity Value
(US$) (US$) (US$)
GROSS REVENUE
Tilapia kg 0.25-0.375 10.0 2.50 38.5 14.44 - -
Lotus Seed kg 0.75 5.11 3.83 ---- -—-- 5.33 4.00
Lotus Flower piece 0.13 138 17.25 -—- -—- 139 17.38
Total 23.58 14.44 21.37
VARIABLE COST
Urea kg 0.1875 324 6.08 324 6.08 e e
TSP kg 0.3125 18.9 5.91 18.9 5.91 - -
Tilapia Fingerling piece 0.0125 400 5.00 400 5.00 -— -—
Lotus Seedling piece 0.125 25 3.13 --en - 25 3.13
Cost of Working Capital yr 8% 0.65 1.04 0.65 0.88 0.65 0.16
Total 21.15 17.86 3.29
NET RETURN 2.44 -3.42 18.09

ANTICIPATED BENEFITS

Results of the experiment will provide information on lotus-fish
co-culture and rotation system to recycle pond mud nutrients
that are otherwise wasted. The experiment generated informa-
tion on bottom mud characteristics altered by rooted plants. It
may benefit small-scale farmers in Asian countries for resource
utilization where lotus is commonly grown as a cash crop.
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ABSTRACT

An experiment was conducted in eighteen 200-m? fertilized earthen ponds at the Asian Institute of Technology, Thailand, from
March through October 2000. This experiment was designed to assess the efficiency of snakehead (Channa striata) in controlling
recruitment of mixed-sex Nile tilapia (Oreochromis niloticus) in ponds and to assess growth and production characteristics of
Nile tilapia in monoculture and polyculture with snakehead. There were six treatments: A) monoculture of sex-reversed all-
male tilapia; B) monoculture of mixed-sex tilapia; C) polyculture of snakehead and mixed-sex tilapia at 1:80 ratio; D) polycul-
ture of snakehead and mixed-sex tilapia at 1:40 ratio; E) polyculture of snakehead and mixed-sex tilapia at 1:20 ratio; F) poly-
culture of snakehead and mixed-sex tilapia at 1:10 ratio. Sex-reversed and mixed-sex Nile tilapia were stocked at 2 fish m2 at
sizes of 10.5 to 11.6 g and 7.2 to 8.1 g, respectively.

Results show that snakehead were able to completely control Nile tilapia recruitment at all tested predator:stocked-prey ratios,
and the best predator:stocked-prey ratio was 1:80. The addition of snakehead into Nile tilapia ponds did not result in signifi-
cantly greater tilapia growth, but it significantly lowered total net and gross yields of adult plus recruited tilapia. Snakehead
growth was density-dependent, decreasing significantly with increasing stocking densities. While snakehead biomass gain was
not significantly different at stocking densities from 0.025 to 0.1 fish m?, the gain was significantly lower at a stocking density
of 0.2 fish m™2 The present experiment demonstrates that snakehead are able to control Nile tilapia recruitment completely and

provide an alternative technique for Nile tilapia culture.
INTRODUCTION

The aquaculture of species at lower trophic levels, such as
tilapia, presents the greatest potential for efficiency (Welcomme,
1996). However, overpopulation of tilapia in confined ponds
causes stunted growth due to shortage of natural food,
particularly in semi-intensive culture. Various methods of
population control have been applied (Mair and Little, 1991),
such as culture in cages, culture with predators, intermittent
harvesting, hybridization, induction of sterility, and produc-
tion of super-male fish (YY-male). However, population control
of tilapias by culture with predators has been practiced
worldwide but not well studied. Various predatory fish species
have been used with varying success in combination with
different tilapia species depending on their availability. These
species include snakehead (Channa striata or Ophiocephalus
striatus) (Pongsuwana, 1956; Chimits, 1957; Tongsanga, 1962;
Chen, 1976; Cruz and Shehadeh, 1980; Hopkins et al., 1982;
Wee, 1982; Balasuriya, 1988); Ophiocephalus obscuris (de Graaf et
al., 1996); Micropterus salmoides (Swingle, 1960; Meschkat, 1967;
McGinty, 1985); Lates niloticus (Meschkat, 1967; Planquette,
1974; Lazard, 1980; Bedawi, 1985; El Gamal, 1992); Hemichromis
fasciatus (Bardach et al., 1972; Lazard, 1980); Cichla ocellaris
(Lovshin, 1977; McGinty, 1983; Verani et al., 1983); Clarias sp.
(Meecham, 1975; Bard et al., 1976; Lazard, 1980; Janssen, 1985;
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de Graaf et al., 1996); Cichlasoma managuense (Dunseth and
Bayne, 1978); Elops hawaiiensis (Fortes, 1980); and Megalops
cyprinoides (Fortes, 1980). However, the difficulty in breeding
or obtaining predators of the correct size often resulted in
limited application of this population control method (Balarin
and Hatton, 1979; Penman and McAndrew, 2000).

Snakehead have long been regarded as valuable food fish and
widely cultured in the Far East (Wee, 1982). It was reported to
be used in polyculture with tilapia to control tilapia population
or with carps to keep out other extraneous pest fish in the
pond system (Wee, 1982). Snakehead are highly predacious as
they swallow their prey whole (Diana et al., 1985) and have been
shown to effectively prey on live tilapia fry (Kaewpaitoon, 1992).
A population including 5% (predator:stocked-prey ratio of
1:20) snakehead with tilapia has been demonstrated to control
tilapia recruitment (Balasuriya, 1988). Negligible tilapia
recruitment was generally found during harvest where
snakehead existed in tilapia ponds.

The purposes of this study were to assess:

1) The efficiency of snakehead in controlling overpopulation of
mixed-sex Nile tilapia (Oreochromis niloticus) in ponds and
The growth and production of Nile tilapia in mono-
culture and polyculture with snakehead.

2)



68 NINETEENTH ANNUAL TECHNICAL REPORT

METHODS AND MATERIALS

The experiment was conducted using a randomized complete
block design in eighteen 200-m? earthen ponds at the Asian
Institute of Technology (AIT), Thailand. There were six
treatments with triplicates, one in each block:
A) monoculture of sex-reversed all-male tilapia;
B) monoculture of mixed-sex tilapia;
C) polyculture of snakehead and mixed-sex tilapia at 1:80
ratio;
D) polyculture of snakehead and mixed-sex tilapia at 1:40
ratio;
E) polyculture of snakehead and mixed-sex tilapia at 1:20
ratio;
F) polyculture of snakehead and mixed-sex tilapia at 1:10
ratio.

The Chitralada strain (Thai strain) of Nile tilapia was used in
the present experiment. Nile tilapia fry were obtained from the
AIT Hatchery, while snakehead fingerlings were purchased
from a local market. Sex-reversed Nile tilapia (10.5to 11.6 g
size) and mixed-sex Nile tilapia (7.2 to 8.1 g size) were stocked
at 2 fish m2in treatment A and treatments B through F,
respectively, while snakehead (88.0 to 100.0 g size) were
stocked at 0.025, 0.05, 0.1, and 0.2 fish m2in treatments C, D, E,
and F, respectively, on 30 March 2000. During the experiment,
approximately 10% of the initial Nile tilapia stock was seined,
counted, and weighed en masse biweekly for each pond. All

fish were harvested on 10 October 2000 after 194 days of
culture. Daily weight gain (g fish' d), yield (kg pond™), and
extrapolated yield (kg ha'! yr!) were calculated.

All ponds were dried for one month prior to the experiment to
eliminate wild fish. Each pond dike was enclosed with a fine
mesh net fence about 1 m tall, supported by bamboo sticks,
with the lower end of the net buried in the dike soil to prevent
entry of wild fish and movement of stocked snakehead from
one pond to another. All ponds were fertilized with urea and
triple superphosphate (TSP) at a rate of 28 kg nitrogen (N) and
7 kg phosphorus (P) ha! wk!. Initial pond fertilization took
place two weeks prior to fish stocking. Water depth in all
ponds was maintained at 1 m throughout the experiment by
adding water weekly to replace evaporation and seepage
losses.

Integrated water samples were taken biweekly from the entire
water column near the center of each pond at about 1000 h for
analyses of pH, alkalinity, total ammonium nitrogen (TAN),
nitrite-nitrogen, nitrate-nitrogen, total Kjeldahl nitrogen
(TKN), soluble reactive phosphorus (SRP), total phosphorus
(TP), chlorophyll 4, total suspended solids (TSS), and total
volatile solids (TVS) (APHA et al., 1985; Egna et al., 1989). At
the time of collecting water samples, Secchi disk visibility was
measured using a Secchi disk, while temperature and dissolved
oxygen (DO) were measured with a YSI model 54 oxygen
meter (Yellow Springs Instruments, Yellow Springs, Ohio,

Table 1. Growth performance (mean * SE) of Nile tilapia in fertilized earthen ponds during 194-day culture. Rows of values with superscripts
indicate variables with significant differences among treatments (ANOVA, P < 0.05). Values with similar letter superscripts are not
significantly different.

Parameters Treatments
A B C D E F
(Sex-reversed) (Mixed-sex) (1:80) (1:40) (1:20) (1:10)
STOCKING
Density (fish m?) 2 2 2 2 2 2
Total Number (fish pond™) 400 400 400 400 400 400
Mean Weight (g fish™) 9.0£04 74+0.1 77+0.1 75+03 7.6+0.0 77+0.3
Total Weight (kg pond™) 3.62+0.17 2.96 +£0.05 3.08 £ 0.04 3.01+0.12 3.02+0.01 3.07£0.13
HARVEST
Adult Tilapia
Total Number (fish pond™) 331+10 330+ 12 322 +4 312+8 323+9 327 +10
Mean Weight (g fish™) 157.7 £17.5 149.8 +16.3 158.0 £10.0 152.9+13.5 158.2+15.3 155.3£13.9
Total Weight (kg pond™) 51.90 £4.60 49.03 £3.89 50.88 £3.17 47.64+£4.18 50.94 +4.05 50.60 + 3.92
Survival Rate (%) 82.90 82.61 80.52 77.99 80.93 81.88
(78.28-87.07)  (77.97-86.81) (75.69-84.93)  (72.97-82.63) (76.14-85.30) (77.17-86.15)
Daily Weight Gain (g fish™ d™) 0.77 £0.09 0.73+£0.08 0.77 £0.05 0.75+0.07 0.78 £ 0.08 0.76 £ 0.07
Total Weight Gain (kg pond™) 48.28 +4.43 46.07 £3.93 47.80 £3.21 44.63+4.12 4792 +4.06 47.53+3.87
Net Yield (t ha” yr) 4.54 +0.42 4.33+£0.37 4.50+0.30 4.19+0.39 4.51 +0.38 4.47 +0.36
Gross Yield (tha™ yr) 4.88+0.43 4.61 £0.37 4.79 £ 0.30 4.48 +0.39 4.79 £0.38 4.76 +0.37
Recruited Tilapia
Total Number (fish pond™) — 951 + 191 — — — —
Mean Weight (g fish™) — 9.9+0.5 — — - -
Total Weight (kg pond™) — 9.32+1.65 — — - -
Net and Gross Yield (t ha™ yr”) — 0.88 +0.15 — — — -
Combined Adult and Recruited Fish
Total Net Yield (t ha” yr) 454 £0.42° 5.21+0.22" 4.50+0.30° 420+0.39* 4.51+0.38° 4.47+0.36°
Total Gross Yield (t ha™ yr™) 4.88+£0.43° 5.49 +0.22" 4.79+0.30° 448+039* 4.79+0.38° 476+0.37°
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Table 2. Growth performance (mean * SE) of snakehead in fertilized earthen ponds during 194-day polyculture with Nile tilapia. Rows of values
with superscripts indicate variables with significant differences among treatments (ANOVA, P < 0.05). Values with similar letter
superscripts are not significantly different.

Parameters Treatments
A B C D E F
(Sex-reversed) (Mixed-sex) (1:80) (1:40) (1:20) (1:10)
STOCKING
Density (fish m?) -—— -— 0.025 0.05 0.1 0.2
Total Number (fish pond™) -—— -— 5 10 20 40
Mean Weight (g fish™) - - 945+24 93.7+3.5 95.8+2.2 95.7+2.2
Total Weight (kg pond™) - - 0.47+0.01 0.94£0.03 1.92+0.04 3.83+0.09
HARVEST
Total Number (fish pond™) -—— -— 4+0 8+0 19+1 35+2
Mean Weight (g fish™) - - 4413 +18.1° 292.0+11.6° 179.3+12.0° 123.3+4.2¢
Total Weight (kg pond™) - - 1.91+0.12° 243 +0.04° 3.33+£0.13¢ 4.30+0.08¢
Survival Rate (%) L L 90.75 83.64 95.47 88.23
(70.25-99.83)  (60.06-97.81) (78.49-99.72)  (66.43-99.32)
Daily Weight Gain (g fish™ d™) - - 1.79+0.08* 1.02 £0.04° 0.43 £0.07¢ 0.14 £0.02¢
Total Weight Gain (kg pond™) - - 1.43+0.13° 1.49+0.04° 142+0.17° 0.47 +£0.15°
Net Yield (tha™ yr) - - 0.14+0.01° 0.14+£0.00° 0.13+0.02° 0.05+0.01°
Gross Yield (tha™ yr') - - 0.18+0.01° 0.23+£0.00° 0.31+£0.01°¢ 0.41+0.00¢

USA). Diel measurements for temperature, DO, and pH were 500 -

conducted monthly in each pond at 0600, 1000, 1400, 1600,

1800, and 0600 h. 4501

o . . 400 1

Data were analyzed statistically by analysis of variance and

linear regression (Steele and Torrie, 1980) using SPSS (version ® 350 -

7.0) statistical software package (SPSS, Inc., Chicago, Illinois, et

USA). Differences were considered significant at an alpha level 'fb 300 1

of 0.05. Statistical analyses for survival rates (%) were per- .g 250 A

formed on the transformed data by arcsine transformation. -

Mean values of survival rates were given in the back-trans- $ 200 -

formed scale followed by their confidence limits. All other = 150

means were given with + 1 standard error (SE).

100 -

A partial budget analysis was conducted to determine eco-

nomic returns of the different monoculture and polyculture 50 1

systems tested (Shang, 1990). The analysis was based on farm- 0 . . . .

gate prices in Thailand for .harvested fish ar}d current local 0 0.05 010 0.15 0.20

market prices for all other items expressed in US dollars S ) ; >

tocking density (N m™)

(US$1 = 40 baht). Farm-gate prices of snakehead and Nile
tilapia varied with size: snakehead at $0.25 kg™ for size 100 to
200 g, $0.50 kg for size 200 to 300 g, $0.75 kg™! for size 300 to
400 g, and $1.00 kg for size above 400 g; and Nile tilapia at
$0.125 kg for size below 50 g and $0.375 kg! for size 100 to
200 g. Market prices for fingerlings of snakehead ($0.15 kg™),
sex-reversed Nile tilapia ($0.0125 piece), and mixed-sex Nile
tilapia ($0.0042 piece™); urea ($0.1875 kg™); and TSP ($0.3125 kg™)
were applied to the analysis. The calculation for cost of
working capital was based on an annual interest rate of 8%.

REesuLTs

Growth performance parameters of adult Nile tilapia were not
significantly different among all treatments (P > 0.05, Table 1).
Tilapia offspring were found only in monoculture of mixed-sex
tilapia. Both sex-reversal and predator techniques were able to
control the recruitment of Nile tilapia completely. However,
neither sex reversal nor polyculture resulted in significantly

Figure 1. Comparison of final weight of snakehead (g) at different
stocking densities (N m?) of snakehead in the snakehead

and Nile tilapia polyculture after 194 days.

weight; and r =-0.985, P < 0.05 for daily weight gain). Snake-
head biomass gain (total weight gain and net yield) was not
significantly different (P > 0.05) within stocking densities of 0.025
to 0.1 fish m™ (treatments C, D, and E; Figure 1). At a stocking
density of 0.2 fish m? (treatment F), snakehead biomass gain was
significantly lower than in other densities (P < 0.05, Table 2,
and Figure 2). The significantly reduced individual growth and
biomass gain at the stocking density of 0.2 fish m indicated
that carrying capacity of snakehead was exceeded.

The additional net yield from snakehead did not cause a
significantly higher combined net yield of adult tilapia and
snakehead (P > 0.05), but it resulted in a significantly higher
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combined gross yield of adult tilapia and snakehead (P < 0.05,
Table 3). When recruited tilapia were included, the combined
net yield in the monoculture of mixed-sex tilapia (treatment B)
was significantly higher than those in all other treatments

(P < 0.05), while the combined gross yield in the monoculture
of mixed-sex tilapia was similar to those in the polyculture
with higher predator:stocked-prey ratios (treatments E and F,
P > 0.05, Table 3). The results indicated that the predator:
stocked-prey ratio of 1:80 (treatment C) was enough to
completely control Nile tilapia recruitment.

Physical and chemical parameters of pond water were not
significantly different among all treatments at all sampling
times throughout the entire experimental period (P > 0.05). The
mean values of water quality parameters were also not
significantly different among all treatments (P > 0.05, Table 4).

The partial budget analysis (Table 5) indicated that all treat-
ments in this experiment were profitable, and mixed-sex Nile
tilapia culture (treatments B through F) produced significantly
higher net return than sex-reversed Nile tilapia culture
(treatment A). Snakehead and Nile tilapia polyculture at the

200 -
T 1501
S8
‘g
<
oo
= 100 -
o
g
=
] 1
z 50
0 T T T )
0 0.05 0.10 0.15 0.20
Stocking density (N m2)

Figure 2. Comparison of net yield of snakehead (kg halyr?) at
different stocking densities (N m?) of snakehead in the
snakehead and Nile tilapia polyculture after 194 days.

Table 3. Combined yields (mean * SE) of Nile tilapia and snakehead in fertilized earthen ponds during 194-day culture. Rows of values with
superscripts indicate variables with significant differences among treatments (ANOVA, P < 0.05). Values with similar letter superscripts
are not significantly different.

Parameters Treatments

A B C D E F
(Sex-reversed)  (Mixed-sex) (1:80) (1:40) (1:20) (1:10)
ADULT TILAPIA + SNAKEHEAD
Net Yield (tha™ yr') 4.54 +042 4.33 £0.37 4.63 £0.30 4.39 £0.39 4.64 £0.39 4.52£0.35
Gross Yield (t ha™ yr) 4.88 £0.43 4.61 +0.37° 497 £0.29% 4.71+040"  5.11+0.38° 516 +0.36°
ADULT AND RECRUITED TILAPIA + SNAKEHEAD
Net Yield (t ha™ yr™) 4.54 +0.42° 5.21 +0.22° 4.63 +0.30° 4.34+0.39° 4.64 +0.39° 4.52 +0.35°
Gross Yield (tha™ yr) 4.88 £0.43%" 549 +0.22¢ 497 £0.29% 471 +0.40° 5.11 +£0.38" 5.16 +0.36"
Table 4. Values of water quality parameters (mean *+ SE) measured throughout the experiment.
Parameters Treatments
A B C D E F
(Sex-reversed)  (Mixed-sex) (1:80) (1:40) (1:20) (1:10)
DO at Dawn (mg 1") 243 +0.39 225+0.23 2.38 £0.19 2.05+0.27 2.36 £0.17 2.03+0.17
Temperature (°C) 27.9-37.4 27.4-36.7 27.8-37.3 27.8-36.9 27.8-36.6 27.8-35.9
pH 6.5-9.6 6.5-10.3 6.49.8 6.5-10.0 6.5-10.4 6.5-10.2
Alkalinity (mg 1" as CaCO,) 52+6 54 +5 54+9 59 +6 54 +4 58 £4
TKN (mg 1) 6.62 +0.88 6.24 +0.73 6.48 +0.41 5.76 £0.26 6.42 +0.49 6.46 +0.34
TAN (mg1") 248 +0.57 2.36 £0.26 2.37+0.28 2.04 £0.43 224 £0.27 2.18 +0.09
Nitrite-N (mg 1) 0.19 +0.04 0.22 +0.01 0.20 +0.01 0.14 +0.02 0.21 +0.04 0.21 +0.02
Nitrate-N (mg 1™) 0.64+0.17 0.63 +0.04 0.79+0.13 0.49 +0.14 0.69 +0.12 0.76 +0.009
TP (mg17) 0.51+0.24 0.51 +0.09 0.62 +0.08 0.62 +0.26 0.70+0.13 0.66 +0.12
SRP (mg1") 0.29 +0.22 0.18 +0.08 0.35 +0.06 0.35+0.24 0.38 +0.10 0.33 +0.10
Chlorophyll a4 (mg m™) 3511 46 +8 31+8 42 +13 44 +10 41+12
Secchi Disk Visibility (cm) 24 +2 24+3 25+0 22 +1 24 +2 23+3
TSS (mg 17) 95+15 109 £5 91+6 107 +14 9111 117 +14
TVS (mg17) 20+3 26 +2 20+1 25 +4 22 +4 26 £4
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lowest predator:stocked-prey ratio (1:80, treatment C) had the
highest net return and ratio of added income to added cost,
followed by the treatment at the ratio of 1:20 (treatment E).

DiscussioN

This experiment showed that snakehead were able to
completely control recruitment of Nile tilapia at a very low
predator:stocked-prey ratio of 1:80, indicating high
efficiency in recruitment control. A similar ratio (1:85) was
used by Cruz and Shehadeh (1980) to control Nile tilapia
recruitment successfully. Lates niloticus was reported to
have a similar predation efficiency (1:84; Planquette, 1974),
while other piscivorous species such as Hemichromis
fasciatus (1:17 to 1:48; Bardach et al, 1972; Lazard, 1980),
Cichla ocellaris (1:15; Lovshin, 1977), Clarias lazera (1:10;
Bard et al., 1976), Cichlasoma managuense (1:4; Dunseth and
Bayne, 1978), Elops hawaiiensis (1:20; Fortes, 1980), Megalops
cyprinoides (1:10; Fortes, 1980), Clarias gariepinus (1:2.7; de
Graaf et al., 1996), and Ophiocephalus obscuris (1:30;

de Graaf et al., 1996) were less effective.

The present experiment clearly showed that the carrying
capacity of snakehead was exceeded at the predator:
stocked-prey ratio of 1:10, and poor growth occurred due
mainly to the limited food items available. Snakehead is
carnivorous and highly predacious on aquatic organisms
such as insects; fish, including its own species; frogs;
shrimps; and even small aquatic snakes (Wee, 1982). In
another study snakehead had better growth at the same
predator:stocked-prey ratio with smaller stocking size
(0.3 g) and harvest size (108.5 g; Balasuriya, 1988). In
comparison, stocking size was 95.7 g in the present
experiment. The results of the present experiment suggest
that the standing crop of snakehead at a stocking density of
2 Nile tilapia m™ should be below 4.30 kg per 200 m?, or
215 kg ha’l, to achieve good growth.

In other studies, high yields of harvestable-size tilapia were
reported, and the final size of harvested tilapia increased with
effective predators (Swingle, 1960; Lovshin, 1977; Dunseth and
Bayne, 1978; Edwards et al., 1994). However, there were no
significant differences in final size and yield of harvested
adult tilapia among treatments in this study, and total
production combining adult and recruited tilapia was
significantly reduced in all polyculture treatments as the
recruits were eaten. This is consistent with the results using
other piscivorous species reported by Maar et al. (1966),
Lovshin (1977), Fortes (1980), McGinty (1983, 1985), and
Edwards et al. (1994).

The growth of sex-reversed all-male Nile tilapia was only 5%
faster than mixed-sex tilapia, and this difference was not
statistically significant in the present experiment. In compar-
ison, the sex-reversed all-male tilapia grew more than 10%
faster than mixed-sex tilapia in other experiments (Pascual and
Mair, 1997). Stunting with mixed-sex tilapia culture, caused by
competition for food between recruits and stocked tilapia, was
not observed in the present experiment. Green and Teichert-
Coddington (1994) also did not find significant differences
between sex-reversed and mixed-sex Nile tilapia growth in
ponds. Dan and Little (2000) reported that growth difference
between sex-reversed and mixed-sex Thai strain of Nile tilapia
(new-season seed) was significant when cultured in ponds but
not significant when cultured in cages. Clearly, there are
system-specific differences that may affect the growth, pro-
duction, and stunting of mixed-sex tilapia.

ANTICIPATED BENEFITS

The results of this study demonstrated that snakehead can
control Nile tilapia recruitment completely at low predator:
stocked-prey ratios. This provides an alternative technique for
Nile tilapia culture system. Tilapia recruitment control by
stocking predators can make Nile tilapia production expand

Table 5. Partial budget analysis (US$) for sex-reversed and mixed-sex Nile tilapia monoculture (treatments A and B) and snakehead and mixed-
sex Nile tilapia polyculture (treatments C through F) in the 194-day experiment (based on 200-m? ponds).
Parameters Treatments
A B C D E F
(Sex-reversed)  (Mixed-sex) (1:80) (1:40) (1:20) (1:10)
GROSS REVENUE
Adult Tilapia 19.46 18.39 19.08 17.87 19.10 18.98
Recruited Tilapia - 1.16 - - - -
Snakehead - - 1.91 1.82 1.67 1.08
Total 19.46 19.55 20.99 19.69 20.77 20.05
VARIABLE COST
Tilapia Fingerlings 5.00 1.67 1.67 1.67 1.67 1.67
Snakehead Fingerlings - - 0.07 0.14 0.29 0.58
Urea 6.75 6.75 6.75 6.75 6.75 6.75
TSP 6.56 6.56 6.56 6.56 6.56 6.56
Cost of Working Capital 0.78 0.64 0.64 0.64 0.65 0.66
Total cost 19.09 15.62 15.69 15.76 15.92 16.22
NET RETURN 0.37 3.93 5.30 3.92 4.85 3.83
ADDED COST 3.33 - 0.07 0.14 0.29 0.57
ADDED RETURN -0.09 - 1.44 0.14 1.22 0.50
ADDED INCOME/ ADDED COST -0.03 - 20.41 0.97 4.22 0.87
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and increase, especially in rural areas where sex-reversed
tilapia are not available. It will benefit culturists throughout
Southeast Asia and other regions where tilapia are commonly
cultured, snakehead are available, and there is no tilapia
hatchery for sex-reversed all-male fry.
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ABSTRACT

Studies on the sustainable aquaculture production of gamitana (Colossoma macropomum) and paco (Piaractus brachypomus) in the
Peruvian Amazon were conducted at the Instituto de Investigaciones de la Amazonia Peruana (IIAP) Quistococha Aquaculture
Station in Iquitos, Peru. Growth performance of paco stocked at 4,000, 6,000, and 8,000 fish ha"! in an experiment was not
significantly different among stocking densities. Fish were harvested after six and one-half months for the 4,000, 6,000, and
8,000 fish ha! study; mean weights of 418.2, 447.5, and 474.9 g, respectively, were attained. Specific growth rates (% d1) were
1.8, 1.8, and 1.7; feed conversion efficiencies were 72.9, 76.2, and 74.7; and condition factors were 2.7, 2.7, and 2.8 at the low to
high densities, respectively. Survival for the paco experiment was > 80%. Paco fingerlings were fed a locally prepared diet
(26.7% crude protein, 9.0% crude lipid). Water quality parameters (dissolved oxygen, temperature, total ammonia nitrogen,
and pH) remained within acceptable levels for tropical aquaculture. The stocking density study suggests the economic
feasibility of rearing paco in the Peruvian Amazon. The cost of production analysis in this and an earlier study indicated that
gamitana production is economically more feasible than paco production because of its higher market value (US$3.00 vs.
US$2.10 kg! fresh weight) and equal production costs (US$0.6 to US$0.9 kg™ fresh weight). Production of gamitana and paco at
densities of 2,500 fish ha! and higher will be more profitable than pineapple production, which is the highest market value
agriculture cash crop produced in the Loreto region at the present time.

In another experiment, plasma concentrations of sex steroids—testosterone (T), 11-ketotestosterone (11-kT), estradiol-17(3 (E2)
and 17,20B-dihydroxy-4-pregnen-3-one (17,20BP)—were measured by radioimmunoassay following ethyl-ether extraction to
monitor and understand the dynamics of gonadal steroidogenesis during maturation of paco and gamitana. In paco, prior to
hormonal treatments with luteinizing hormone-releasing hormone analog (LHRHa), the concentrations of 11-kT in males and
E2 in females as well as the ones of their precursor T were significantly (P < 0.01) higher in fish maintained under normoxic
conditions than in fish exposed to hypoxia. After ovulation and spermiation, the concentrations of T and 17,20BP significantly
(P < 0.05) increased in both sexes in both experiments. However, the levels of plasma sex steroids reached under normoxic
conditions were higher than the ones recorded under hypoxia, except the ones of 17,20BP in males. Additionally, the effect of
oxygen concentration on human chorionic gonadotropin (hCG) was evaluated during final stages of induced maturation on
blood steroid profiles in an attempt to correlate these data with gamete viability. From 8 to 11 November 2000, the second
attempt at artificial spawning of paco and the first of gamitana were performed. Six pairs of paco were selected and transferred
to indoor concrete tanks. Treatments involved injection of three pairs with LHRHa and three pairs with hCG (Sigma, St. Louis,
Missouri) at 500 IU kg™ (females) or 100 IU kg! (males). Fish were observed during the following 48 h and spawning
attempted. Fish were weighed, tags identified, and blood samples taken prior to injection, at the time of ovulation, or 48 h after
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injection. In the case of gamitana, four pairs were formed after preliminary selection (robustness or sperm presence). All fish
were injected with LHRHa at the same dose as paco. Conditions in ponds and indoor tanks were monitored during spawning
procedures. LHRHa proved to be the only sex hormone effective for inducing spawning in both males and females.

INTRODUCTION

The addition of a project in South America to the PD/A CRSP
has provided considerable and unique opportunities to expand
the CRSP network. In the Eighth Work Plan, a prime site was
established at Iquitos, Peru, which is in the heart of the
Peruvian Amazon (Loreto Region). The Loreto Region, with a
population of 602,000, constitutes 27% of the country’s total
area. Approximately 46% of the region’s population resides in
the city of Iquitos. The main resource in the region is the
integrated rain forest. The people in the region are primarily
engaged in agriculture, cattle-raising, forestry, hunting, fishing,
and tourist activities. Other economic activities of major
importance to the region include the mining and drilling of
nonrenewable resources such as oil, gold, and silica.

In the Peruvian Amazon, there are three important institutions
working with aquaculture: Instituto de Investigaciones de la
Amazonia Peruana (IIAP), Ministerio de Pesqueria (Peruvian
Government), and Universidad Nacional de la Amazonia
Peruana (UNAP). In the past ten years they have produced
thousands of fry and have refined numerous aquaculture
techniques. Gamitana (Colossoma macropomum) and paco
(Piaractus brachypomus) are considered by local aquaculturists
as the best fishes for commercialization in the tropical part of
Peru. However, considerable potential exists to examine other
species, as the Amazon Basin is home to over 2,000 freshwater
species of fish.

A memorandum of understanding (MOU) is currently in place
linking IIAP, UNAP, and Southern Illinois University at
Carbondale (SIUC) (and collaborating US universities with
SIUC under this umbrella) within the CRSP network. Between
ITAP and UNAP there exist 49 earthen culture ponds ranging
in size from 60 m? to nearly a hectare. Laboratory facilities also
exist to monitor water quality variables of ponds and conduct
pertinent research on sustainable aquaculture development of
important fish species native to South America. Facilities have
been significantly renovated at IIAP during the Ninth Work
Plan.

Native species aquaculture has been expanding in the Peruvian
Amazon as research has played a major role in the positive
evaluation of its potential. Gamitana and paco are native to the
Amazon basin and share many characteristics that also make
them suitable for aquaculture. Local production of both species
is still practiced in an extensive manner, but these species are
in high demand and attain a higher price at the market. This
motivates local farmers to invest their time in the production of
these valued fish. As research develops, more important
information becomes available to producers, hence the
improvement of native species aquaculture in the region.
Although technology is still underdeveloped, external aid has
made it possible for the locals to become more aware of and
active in aquaculture practices for gamitana, paco, and other
native species.

Broodstock are usually collected from their wild habitat,
although they are also raised in captivity at research stations.
These fish may be immediate descendants of wild broodstock
or may be a product of multiple-generation breeding. No

standardization exists for stocking densities for fry or finger-
lings (Campos, 1993). Likewise, no uniform fish diets are
available in the region (Cantelmo et al., 1986; Ferraz de Lima
and Castagnolli, 1989). This study determined suitable
stocking densities to be as high as 8,000 fish ha™ for optimal
and efficient production of gamitana and paco to market size
(0.5 to 1.0 kg) using a prepared diet manufactured from locally
available ingredients. Replicated pond studies were carried out
at ITAP, Iquitos.

METHODS AND MATERIALS

Methods and materials for research objectives are as follows:

Objective 1 (9NS3): Develop a Prepared Feed for
Broodstock and Fingerlings

Additional information on nutrition of paco has been obtained
via feeding experiments performed by Rebecca Lochmann at
the University of Arkansas at Pine Bluff. Literature values for
specific nutrients known to affect fish reproduction were
calculated from published sources for the broodstock diet.
Analytical information on the feedstuffs and diets currently
being used in Iquitos, together with published information on
the natural diets of paco and broodstock nutrition in other
species, was combined to formulate preliminary recommenda-
tions for the nutrition and feeding of broodstock (see “Spawn-
ing and grow-out of Colossoma macropomum and/or Piaractus
brachypomus,” 9NS3A on pp. 85-88 of this report).

Objective 2 (9NS3): Determine Blood Plasma Steroid
Concentrations in Relation to Gamete Quality

The plasma concentrations of steroids—testosterone (T),
estradiol-17p (E2), 11-ketotestosterone (11-KT), and 17,2083-
dihydroxy-4-pregnen-3-one (17,20BP)—were measured by
radioimmunoassay, similar to those used previously (Ottobre
et al., 1989) following ethyl-ether extraction. The characteristics
of these antisera have been reported previously (Dabrowski et
al., 1995, for T; Butcher et al., 1974, for E2; Kime and Manning,
1982, for 11-KT; and Fostier and Jalabert, 1986, for 17,203P).

Objective 3 (9NS3): Compare Hormones to Induce
Spawning

In July 1999, paco and gamitana were collected from two
separate broodstock ponds located at the IIAP field station in
Iquitos, Peru. Twenty-five fish of both species were indivi-
dually measured, weighed, and tagged. Blood was collected
from the caudal vessel of unanesthetized fish using a heparin-
ized syringe. Fish were then released into their respective
ponds. Blood was centrifuged at 1,500 rpm for 15 min, and the
plasma was stored at —20°C until assayed. During October and
November 1999, mature paco (average weight 3,394 +575 g
and 3,683 + 606 g in males and females, respectively) were
sampled. Spermiating males and robust females were selected
and then transferred to an indoor facility. Ovarian maturity
was assessed with a microscope using oocytes collected from
the ovary with a catheter. Pairs of paco were moved into
indoor concrete tanks (0.75 m®). The male was separated from
the female by a net in each tank. Six and four pairs were used
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in the first and second experiments, respectively. In the first
experiment aeration was not provided in the broodfish tanks,
and the concentration of oxygen decreased to 2.5+ 0.3 mg 11,
whereas intensive aeration in the broodstock tanks prior to the
stocking resulted in an increased oxygen concentration of

7.5 mg I\ Both genders were injected with two doses of
LHRHa (Conceptal®). The concentration of LHRHa was

0.0042 mg of equivalents of active hormone per ml. Males and
females were injected with 1 ml kg™ and 2.6 ml kg™, respectively.
The priming dose (50 and 10% in males and females, respec-
tively) was administered in the morning, whereas the resolving
dose (50 and 90% in males and females, respectively) was
injected at 2200 h. The presence of a few eggs at the bottom of
the tank, as well as the “knocking” sound produced by the
male, was used as a sign of female readiness (oviposition).
Blood was collected from the caudal vessel of unanesthetized
fish prior to the priming injection and after ovulation or
spermiation using a heparinized syringe. Blood was centri-
fuged at 1,500 rpm for 15 min, and the plasma was stored at
—20°C until assayed. From 27 to 30 March 2000, gamitana and
paco broodstock were caught and transferred to indoor tanks
for identification, blood sampling, and possible evaluation of
gonad maturity. In total, 12 fish of each species were examined.
In addition, we visited two private farmers in the vicinity of
Iquitos and sampled gamitana (muscle) fed local diets,
including fruits, for possible analysis of phytochemicals.

From 8 to 11 November 2000, the second attempt at artificial
spawning of paco and the first of gamitana were performed.
The weight of paco and gamitana sampled for blood steroid
analysis reached 4,986 * 511 g and 7,370 + 538 g, respectively.
Six pairs of paco were selected and transferred to indoor
concrete tanks. Treatments involved injection of three pairs
with LHRHa and three pairs with hCG (Sigma, St. Louis,
Missouri), the former at dosages previously described and the
latter at 500 IU kg™! (females) or 100 IU kg™ (males). Fish were
observed during the following 48 h and spawning attempted.
Fish were weighed, tags identified, and blood samples taken
prior to injection, at the time of ovulation, or 48 h after
injection. In the case of gamitana, four pairs were formed after
preliminary selection (robustness or sperm presence). All fish
were injected with LHRHa at the same dose as paco. Condi-
tions in ponds and indoor tanks were monitored during
spawning procedures for all studies.

Objective 4 (9INS3): Identify Proper Stocking Density
for Paco and Gamitana for Pond Culture

Two earlier experiments (Kohler et al., 1999, 2001) tested paco
and gamitana at several stocking densities. In this third
experiment, nine ponds, ranging in size from 600 to 5,320 m?,
were stocked with paco at three densities: three at 4,000 fish ha,
three at 6,000 fish hal, and three at 8,000 fish hal. The mean
initial weight was 21.3 g. The study was initiated 2 March 2000
and continued until 15 September 2000. General water quality
parameters (dissolved oxygen (DO), temperature, total
ammonia nitrogen (TAN), and pH) were measured daily or
weekly in the early morning for all studies. Harvest data were
analyzed using the Statistical Analysis System (SAS Institute,
1993) with an alpha of 0.05.

REesuLTs AND DiscussioN

The overall goal of the program was to provide food security
for the region through the following objectives:

Objective 2 (9NS3): Determine Blood Plasma Steroid
Concentrations in Relation to Gamete Quality

The assay characteristics are shown in Tables 1 and 2. Extrac-
tion blanks were below sensitivity of assay for examined
hormones, and serial dilutions of plasma samples showed
parallelism with the standard curve between 25 and 100 ml.

In July 1999, the weight of paco and gamitana sampled for blood
steroid analysis reached 3,332 + 73 g and 5,092 + 144 g, respec-
tively. At this time it was not possible to identify the sex based on
external characteristics of the fish sampled. The average concen-
trations of plasma sex steroids were low (< 1 ng ml'!) in both
species (Table 3). High concentrations (1.2 to 3.9 ng ml™) of E2
were found in few paco (in 10 of 25 sampled), indicating that
those fish were females and had started their gonad recrudes-
cence. The concentrations of 11-kT (1 to 2.1 ng ml™) were high in
8 gamitana (out of 25 sampled). Those fish were suspected to be
males and had started their gonad recrudescence.

Table 1. Radioimmunoassay characteristics of plasma sex steroid
hormones—testosterone (T), 11-ketotestosterone (11-kT),
estradiol-17B (E2), and 17,20B-dihydroxy-4-pregnen-3-one
(17,20BP)—in paco (Piaractus brachypomus).

Characteristics T E2 11-KT 17,20BP

Within-Assay CV (%) (m=6) 1.7 2.0 25 2.0
Between-Assay CV (%) (n=3) 9.2 3.9 6.1 59

Accuracy (Coefficient of 0.988 0.995 0984 0.983
Determination)
Sensitivity (pg ml™) 2 1 2 1

Recovery of Extraction (%) 85.8 89.7 919  98.6

Table 2. Radioimmunoassay characteristics of plasma sex steroid
hormones in gamitana (Colossoma macropomum). Abbrevi-
ations as in Table 1.
Characteristics T E2 11-kT 17,20BP

Within-Assay CV (%) (n = 6) 1.9 2.2 24 2.1
Between-Assay CV (%) (n=3) 4.3 35 45 39

Accuracy (Coefficient of 0978 0.983 0948 0.968
Determination)
Sensitivity (pg ml™) 2 1 2 1

Recovery of Extraction (%) 89.9 89.2 90.5 93.5

Table 3. Plasma sex steroid hormones in a mixed-sex population of
paco (Piaractus brachypomus) and gamitana (Colossoma
macropomum) sampled in August 1999. Abbreviations as in
Table 1.

Species Plasma Sex Steroids
(pg ml")
T E2 11-kT 17,20BP
Paco 137+13 106 =9 790 + 108 37+6
Gamitana 18028 991 +230 631 + 58 15+3
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Table 4. Plasma sex steroid hormones of male and female paco (Piaractus brachypomus) under hypoxic and normoxic conditions before and after
hormonal treatments. Abbreviations as in Table 1. Means within the same column grouped as males and females with different letters are
significantly different (P < 0.01).

Conditions Plasma Sex Steroids
Male Female
T 11-kT 17,20BP T 11-kT 17,20BP
(ng ml™) (ng ml™) (pg ml™) (ng ml™) (ng ml™) (pg ml™)
HYPOXIA (N = 6)
Before Treatment 0.53+0.10° 598 +1.61* 30+10° 1.58 +0.19° 3.92 +0.23° 17+7°
After Treatment 5.82+0.72° 6.29 +0.52* 116 +25° 11.06 +1.80°¢ 3.65+0.53° 736 + 253°
NORMOXIA (N = 4)
Before Treatment 6.76 +0.98" 37.68 +5.48"° 22+9° 6.10 +1.15° 7.46 +0.32° 45 +24*
After Treatment 11.11£1.12¢ 7.46 +1.73* 106 + 18" 24.14 +3.49¢ 458 +0.75* 2,161 + 865¢

In October and November 1999, the concentrations of plasma 500 -

sex steroid hormones increased significantly in compa?is.on to 4504 - 4,000 fish ha'!

those reported in July. Moreover, before the hormonal injec- — 4004 —a 6,000 fish hal /

tions, the concentrations of 11-kT in males and E2 in females, 2 — 8,000 fish ha-1 =

as well as the ones of their precursor (T), were significantly £ 350+ ’ ’

(P < 0.01) higher in fish maintained under normoxic conditions -% 300 -

than the ones in hypoxia. In contrast, the plasma levels of 2 750

17,20BP were similar regardless of the oxygen concentrations % 200 -

(Table 4). The response patterns of plasma sex steroids to the 5

hormonal treatments were similar in both genders. The 3: 150+

concentrations of T and 17,20BP significantly (P < 0.05) 100 A

increased in both experiments. However, the levels reached 50

under normoxic conditions were higher than the ones recorded o-

under hypoxia. The exception was the concentration of 17,20BP 2888888888888 -8

in males, which did not change significantly. The concentration N N S S a3 oS B Sn s

of 11-kT in males and E2 in females after spermiation or S YT I I g oo e add
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maintained in normoxic conditions, whereas it remained
similar in males in hypoxia (Table 4). In March 2000 the weight
of paco and gamitana sampled for blood steroid analysis
reached 3,347 + 113 g and 5,645 + 250 g, respectively.

Objective 3 (9NS3): Compare Hormones to Induce
Spawning

Spawning induction of paco with LHRHa resulted in ovulation
of three females, and a copious amount of sperm was obtained
from males. Only one female, however, gave high quality of
eggs (over 93% fertilization rate; embryonic-eyed stage).
Neither males nor females were observed to mature following
hCG injections. Gamitana were not induced to spawn follow-
ing hormonal injections. Blood samples were collected from all
examined fish, and steroid hormones were determined.

We do not recommend further use of hCG for gamitana and
paco. Additionally, the effect of oxygen concentration on hCG
was evaluated during final stages of induced maturation on
blood steroid profiles, attempting to correlate these data with
gamete viability.

Objective 4 (9NS3): Identify Proper Stocking Density
for Paco and Gamitana for Pond Culture

It was possible to conduct research with both species (Piaractus
and Colossoma) proposed originally in the Ninth Work Plan. No
significant differences were present in the first study in grow-

Figure 1. Average weight of Piaractus brachypomus stocked at densities
of 4,000, 6,000, and 8,000 fish ha! in Iquitos, Peru, from
2 March through 15 September 2000.

out performance of paco when stocked in ponds at densities of
3,000 and 4,000 fish ha™ (Kohler et al., 1999). The mean fish
growth rate of 3.0 g d'! in this study is comparable to findings
for gamitana (Saint-Paul, 1986; Gunther and Boza Abarca,
1992). Both characids grow slightly better under intensive
culture conditions than tilapia (Peralta and Teichert-Coddington,
1989) and similar to Clarias (Hogendoorn et al., 1983; Verreth
and Den Bieman, 1987). Feed conversion was excellent
throughout the first study. The exceptionally high values
during the early stages of the study reflect the ability of paco to
filter-feed at the fingerling stage. These fish can also consume
seeds and some plants found in the water. No differences

(P > 0.05) existed in this experiment with paco at harvest in
weight (418 g at 4,000 fish ha'l, 447.5 g at 6,000 fish ha'!, and
474.9 g at 8,000 fish hal; Figure 1); total length (24.8 cm at
4,000 fish hal, 26.1 cm at 6,000 fish hal, and 25.7 cm at

8,000 fish ha™); specific growth rate (1.8 at 4,000 fish ha'!, 1.8 at
6,000 fish ha’l, and 1.7 at 8,000 fish ha!); condition (2.7 at

4,000 fish ha’, 2.7 at 6,000 fish ha'l, and 2.8 at 8,000 fish ha);
or feed conversion efficiency (72.9% at 4,000 fish hal, 76.2% at
6,000 fish ha’l, and 74.7% at 8,000 fish ha!; Table 5). Survival
exceeded 80%. No significant differences were found among
any of the stocking densities at 3,000, 4,000, 6,000, and
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Table 5. Performance of paco (Piaractus brachypomus) at three densities in pond trials conducted in Iquitos, Peru, from 2 March to 15
September 2000.
Density
4,000 fish ha' 6,000 fish ha' 8,000 fish ha'
Date Weight TL FCE SGR* K° Weight TL FCE SGR® K" Weight TL FCE SGR* K"
)  (m) (%) )  (cm) (%) ®)  (m) (%)

02 March 19.0 8.5 - - - 21.7 8.5 - - - 28.3 9.8 - - -
17 March 209 9.1 - - - 24.3 9.3 - - - 33.8  10.6 - - -
01 April 370 109 - - - 404 113 - - - 475 121 - -- --
16 April 527 128 - - - 629 135 - - - 85.0 143 - - -
02 May 86.7 147 - - - 1140 157 - - - 133.0 163 - - -
16 May 133.7 170 - - - 166.0 175 - - - 1703 178 - - -
31 May 150.7 17.8 - - - 168.3 177 - - - 1780 187 - - -
15 June 188.0 19.6 - - - 2043 198 - - - 1927 194 - - -
30 June 225.7 202 - - - 2343 207 - - - 261.7  21.0 - - --
15 July 268.0 214 - - - 2847 220 - - - 3203 230 - - -
31 July 2940 222 - - - 308.7 237 - - - 3503 247 - - -
15 August 333.8 229 - - - 364.0 244 - - - 403.0 254 - - -
29 August 3947 247 - - - 395.0 249 - - - 4453 259 - - -

15 September 4182 248 729 1.8° 27° 4475 26.1 762 18°¢ 27°¢ 4749 265 747 1.7°¢ 28°

(TL = Total length)

?  Specific growth rate: SGR = In (W) —In (W) /T x 100; where W and W, = final and initial weights (g), respectively, and T = time (d).
b K=W/L? where W = weight (g), L = total length (cm).

¢ Composite

8,000 fish ha. Accordingly, a density of at least 4,000 fish ha’
can be recommended when supplemental feeding is provided.
Densities of 2,000 to 3,000 fish ha™ are traditionally used in the
region.

Feed conversion for paco was excellent throughout this study.
Exceptionally high values indicate its ability to feed on
secondary natural sources in the ponds. In contrast to gami-
tana, they are not equipped with long, fine gillrakers; hence,
filter-feeding is not as efficiently performed as in gamitana.

No significant differences were found in grow-out perfor-
mance of gamitana stocked in ponds at densities of 2,500,
3,250, and 4,000 fish ha!. The mean fish growth rate of 1.90 g d!
was lower than paco in the previous study. This can be
attributed to certain ponds emerging with significant macro-
phyte infestations, which impeded the feeding process for an
undetermined period of time.

Water quality varied among ponds in all density experiments
(Table 6). Temperatures ranged from 25.0 to 30.0°C. Minimum
DO levels were above 1.0 mg I'Tand averaged in excess of

Table 6. Early morning water quality levels of ponds at the IIAP CRI-
Loreto research facility in Iquitos, Peru, for Piaractus
brachypomus, 2 March through 15 September 2000.

Temperature DO pH TAN
O (mg17)
Mean 28.0 3.4 7.1 <1
High 30.0 8.5 9.1 <1
Low 25.0 1.1 34 <1

3.0mg I'. TAN remained below 1.0 mg 1'. These waters can be
classified as soft (hardness = 20 mg 1'}; alkalinity = 20 mg I'};
conductivity = 96 ohms cm) and slightly acidic.

Water quality remained well within the tolerances of paco and
gamitana throughout all the trials. Of course, it must be
recognized that these fish can reduce their metabolic rate
during periods of stress. Oxygen declines would need to
remain low for days rather than hours to adversely affect them.

All the experiments revealed considerable potential for
intensive aquaculture of gamitana and paco in the Peruvian
Amazon. No significant differences were found between all the
stocking densities.

Objective 5 (9NS3): Determine Cost of Production for
Rearing in Ponds at Different Densities

In 2000 and 2001, ITAP produced 30,000 fingerlings of paco and
35,000 fingerlings of boquichico (Prochilodus nigricans) in a
four- to six-month culture period. This production volume will
be doubled in the future since the new hatchery construction
has just been finished. Gamitana fingerlings were not pro-
duced since the broodstock were stressed from unusual
physicochemical parameters in the holding pond.

The results of this study identified that both paco and gamitana
are more profitable to produce per hectare at all stocking
densities studied since they have a higher market value and
equal production costs compared to other traditional agricul-
ture crops (Tables 7 and 8). The production of gamitana and paco
(assuming 90% survival) at densities higher than 2,500 fish ha™!
will be more profitable than pineapple production, which is the
highest market value agriculture cash crop being produced in
the Loreto region at the present time (Table 9).
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Table 7. Enterprise budget for the production of gamitana at different stocking densities in earthen ponds in Iquitos, Peru.

Costs per Stocking Rate
Unit (fish ha™)
2,500 3,250 4,000 6,000 8,000
VARIABLE COSTS (US$)
Fingerlings 0.13 each 325.0 4225 520.0 780.0 1,040.0
Feed (kg fish) 0.31 kg™ 775.0 1,007.5 1,240.0 1,860.0 2,480.0
Liming (500 kg ha™) 214.3 ha™ 214.3 214.3 214.3 214.3 214.3
Labor/Liming 25.0 ha 25.0 25.0 25.0 25.0 25.0
Fertilizer (Chicken Manure) 125.0 ha™ 125.0 125.0 125.0 125.0 125.0
Labor/Fertilizing 25.0 ha' 25.0 25.0 25.0 25.0 25.0
Maintenance 90.0 ha™ 90.0 90.0 90.0 90.0 90.0
Total Variable ha™ 1,579.3 1,909.3 2,239.3 3,119.3 3,999.3
Fixep Costs (US$)
Pond Construction Interest 313.0 313.0 313.0 313.0 313.0 313.0
Taxes 86.0 86.0 86.0 86.0 86.0 86.0
Pond Depreciation 120.0 120.0 120.0 120.0 120.0 120.0
Total Fixed ha™ 519.0 519.0 519.0 519.0 519.0 519.0
ToTAL HA™ (FIXED + VARIABLE) 2,098.3 2,428.3 2,758.3 3,638.3 4,518.3
SURVIVAL 90% 2,250 2,925 3,600 5,400 7,200
CosTKG! HA™ (COSTS/SURVIVAL, US$) 0.9 0.8 0.8 0.7 0.6
PRICEKG™ (US$) 3.0 3.0 3.0 3.0 3.0
PROFIT POTENTIAL KG™ (US$) 2.1 2.2 2.2 2.3 24
TOTAL PROFIT HA™! (PROFIT X SURVIVAL, US$) 4,651.7 6,346.7 8,041.7 12,561.7 17,081.7
Table 8. Enterprise budget for the production of paco at different stocking densities in earthen ponds in Iquitos, Peru.
Costs per Stocking Rate
Unit (fish ha™)
2,500 3,250 4,000 6,000 8,000
VARIABLE COSTS (US$)
Fingerlings 0.13 each 325.0 4225 520.0 780.0 1,040.0
Feed (kg fish) 0.31 kg™ 775.0 1,007.5 1,240.0 1,860.0 2,480.0
Liming (500 kg ha™) 214.3 ha! 214.3 214.3 214.3 214.3 214.3
Labor/Liming 25.0 ha 25.0 25.0 25.0 25.0 25.0
Fertilizer (Chicken Manure) 125.0 ha! 125.0 125.0 125.0 125.0 125.0
Labor/Fertilizing 25.0 ha 25.0 25.0 25.0 25.0 25.0
Maintenance 90.0 ha™ 90.0 90.0 90.0 90.0 90.0
Total Variable ha™ 1,579.3 1,909.3 2,239.3 3,119.3 3,999.3
FIxeD CosTs (US$)
Pond Construction Interest 313.0 313.0 313.0 313.0 313.0 313.0
Taxes 86.0 86.0 86.0 86.0 86.0 86.0
Pond Depreciation 120.0 120.0 120.0 120.0 120.0 120.0
Total Fixed ha™ 519.0 519.0 519.0 519.0 519.0 519.0
TOTAL HA™ (FIXED + VARIABLE) 2,098.3 2,428.3 2,758.3 3,638.3 4,518.3
SURVIVAL 90% 2,250 2,925 3,600 5,400 7,200
CosTKG ! HA™ (COSTS/SURVIVAL, US$) 0.9 0.8 0.8 0.7 0.6
PRICEKG™ (US$) 2.1 2.1 2.1 2.1 2.1
PROFIT POTENTIAL KG™ (US$) 1.2 1.3 1.3 1.4 1.5
TOTAL PROFIT HA™! (PROFIT X SURVIVAL, US$) 2,626.7 3,714.2 4,801.7 7,701.7 10,601.7

Assumptions: 90% survival

Fixed costs are per year; assume a two-month “rest” before production begins again.

US$313 interest is for year 1 only; it drops to US$260, US$199, US$129, and US$48 for years 2 through 5, respectively.
US$3 kg ! wholesale market price for gamitana and US$2.10 kg™ for paco.
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Fish that were fed for an additional five months (ten months
total) reached about a kilogram in size (from 27.5 g). The
prepared diet used in the study cost US$1.02 to produce 1.0 kg
of whole fish, and fingerlings generally sell for about US$0.13
each. Food-size paco sell in the Iquitos market for US$2.10 kg
and gamitana for over US$3.00 kg!. Some success has been
achieved in encouraging local consumers to purchase small
farm-raised fish (250 g) over the large (> 5 kg) wild-caught
ones, particularly during the dry-season months when these
two species are scarce. Consumers are slowly changing their
ways to a point where some are beginning to identify smaller
fish as synonymous with better taste. Additionally, the family
food preparer is discovering the advantage of serving a whole
fish per plate to their family as opposed to serving only a
portion of a large one. It is important to mention that the
majority of the producers located along the Iquitos—-Nauta road
have identified the high economic value of their aquaculture
crop to the point that they might utilize part of their traditional
agriculture crops as supplemental or exclusive diets for
gamitana or paco.

1

Objective 1 (9NS6): Conduct Outreach Activities to
Regionalize CRSP Outcomes

The Chemistry Lab Will Be Upgraded, Equipped, and Supplied
with Reagents to Become Functional for the Performance of All
CRSP Water Quality Analyses

A new hatchery was recently finished. This hatchery will
facilitate the production of fingerlings not only of paco and
gamitana but also of Pseudoplatystoma and Arapaima for the
experiments and studies of the Tenth Work Plan. Most of the
equipment and reagents present at IIAP Quistococha Aquacul-
ture Station were updated, including the following additions:
microscope, stereoscope, spectrophotometer, oxygen and pH
meters, minimum/maximum thermometers, weather equip-
ment, and reagents to determine various water quality
parameters.

A South American Network of Aquaculturists Will Be Initiated
An Amazon Aquaculture website was created at <ws1.coopfish
.siv.edu/amazonia/index.html> to initiate a network special-
izing in Amazonian species for the purpose of bringing
together Amazon aquaculture researchers from around the
world for information exchange in their efforts to improve the
culture and marketing of existing species and of expanding the
species list even further. Several contacts have been established
in Honduras as well as in our host country, Peru. All of these
contacts were made in person.

Reinforce Extension Activities for Local Farmers

The extension activities conducted in the Eighth and Ninth
Work Plans are still being conducted jointly with the Italian
NGO Terra Nuova and Programa de la Seguridad
Alimentaria (PROSEAL), serving the 260 local farmers
along the road system between the cities of Iquitos and
Nauta. Farmers will be provided guidance by Terra Nuova
until the end of December 2001. PROSEAL will continue
together with the CRSP through the Tenth Work Plan to
administer this service to the local farmers. They now
provide services to 71% of fish farmers, who account for
almost 62% of total fish ponds in the region (Table 10).
PROSEAL has been a direct beneficiary of the CRSP
program in Peru. Results from research conducted at our
host country facilities provided much of the information
that PROSEAL extended to farmers. Thanks to leadership

provided by our host country principal investigator (PI),
Fernando Alcantara, as well as other IIAP and UNAP
members, valuable information developed from our project
has been transferred to the local area fish farmers. Efforts
began in the Ninth Work Plan to create an extension
working committee, which will allow us to formally
integrate our extension activities for the Tenth Work Plan
into the existing host country program. The committee will
ensure proper cooperation among all participating entities
and help avoid redundancy in the proposed work region.
Alcantara, with PD/A CRSP support, will continue to serve
as the lead aquaculture extensionist. The PROSEAL project
is scheduled to terminate in December 2001. Accordingly,
the continuity of this important effort will be reliant on
PD/A CRSP support thereafter.

Technicians Will Be Provided with Training for Laboratory and
Pond Practices Following CRSP Protocols

Al ITIAP aquaculture technicians have been trained for
laboratory and pond practices through the workshops that
have been offered to the fish producers by PROSEAL and
sponsored by the PD/A CRSP and Terra Nuova.

A Workshop Will Be Planned

Alcantara (IIAP, host country PI) and Palmira Padilla (co-
investigator) presented several weekend workshops for the
regional farmers involved in local extension projects and
for high school students. Padilla continues to offer general
aquaculture courses to high school students in Iquitos. The
purpose is to introduce the local population to this disci-
pline and arouse interest in this form of food production.
In addition to these workshops, several international
presentations were given in numerous symposia and
conferences.

Objective 2 (9NS6): Complete Spanish-Language
Production Manual for Small-Scale Pond Aquaculture
in the Peruvian Amazon

The production manual “Reproduccién Inducida de
Gamitana y Paco” was printed and distributed. It is
currently being used as an extension manual by IIAP
collaborators. The manual fully acknowledges the PD/A
CRSP, as well as ITAP and SIUC. The manual includes the
following sections: broodstock preparation, broodstock
selection, hormonal treatment, ovulation and spawning,
fecundity, incubation, larvae culture, and grow-out.
Alcantara is planning to prepare a new edition to cover the
new aspects that have been generated this year and that
will be in subsequent years.

Table 9. Estimated production of other local agriculture crops in one
hectare of land in the Loreto region, Peru.
Crop Production Production Market  Total Profit
Volume Cost Value Value (US$)
(US$) (US$) (US$)

Yucca 8,000 kg 160.0  2.00 (50 kg)’l 320.0 160.0
Palmito 8,000 stalks 280.0  0.07 stalk™ 560.0 280.0
Aguaje 6,000 kg 3426 571 (50 kg)’l 685.2 342.6
Plantain 400 bunches  228.0 1.14bunch® 456.0 228.0
Pineapple 16,000 tons 1,232.0 0.14 kg’l 2,240.0 1,008.0




82 NINETEENTH ANNUAL TECHNICAL REPORT

Objective 3 (9NS6): Expand List of Locally Available
Ingredients for Practical Diets Suitable for Colossoma
and Piaractus Broodstock to Include Grow-out Diets

We have expanded the list of practical ingredients developed
by Lochmann for broodstock diets to include grow-out diets.
Alternative local grow-out sources have been identified.
Numerous wild fruits and plant products for small-scale
sustainable aquaculture production of gamitana and paco are
currently being used by the local farmers as fish feed in and
around Iquitos (Table 11).

The fruits and plants surveyed have the following seasonal
availability: pijuayo (Bactris gasipaes), winter; guayaba (Psidium
guajaba), winter; lady finger banana (Musa paradisiaca), all year
round; papaya (Carica papaya), all year round; airambo
(Phytolaca rivinoides), winter; mullaca (Physalis angulata) and
camu camu (Myrciaria dubia), December to April (during

flooding season); cetico (Cecropia sp.), winter; mispero (Achras
sapota), winter; renaco (Ficus sp.), winter; yucca (Manihot
esculenta), all year round, although during the dry season (from
June through September) it is more abundant; mishquipanga
(Renealmia alpina), winter; picho huayo (Siparuna guianensis),
winter; cocona (Solanum sessiliflorum), all year round; cashew
(Anacardium occidentalis), winter; caimito (Chrysophyllum
cainito), all year round; anona (Annona muricata), winter.

ANTICIPATED BENEFITS

We were able to identify suitable stocking densities for paco
and gamitana for profitable pond culture in the Peruvian
Amazon. Most farmers generally use organic fertilizers and
periodically provide fruits, nuts, and kitchen scraps. The
experiment utilized an economic prepared diet (26.7% protein
and 9% lipids) for grow-out. Considering the excellent growth
rates that occurred (3.4 g to 1 kg in ten months), it appears that

Table 10. Local organizations and their extension responsibilities along the Iquitos—Nauta road as of January 2001 (Alcantara, pers. comm.).

Organization Surface Area Percentage of Fish Farmers Percentage of Ponds Percentage of
(ha) Total Total Total
PROSEAL 44.00 35.40 260 70.65 308 61.97
CURMI (NGO) 8.99 7.23 41 11.14 42 8.45
CARITAS (NGO) 10.95 8.81 10 2.72 10 2.01
FONDEPES (GO) 1.80 1.44 6 1.63 1.20
Independent Farmers 52.32 42.09 49 13.32 84 16.90
Government Farms 6.25 5.03 2 0.54 47 9.45
Total 124.31 100.00 368 100.00 497 100.00

Table 11. Proximate analysis values (when known) of some fruits and other local plant products utilized to feed fish around Iquitos (food value per
100 g, modified from Morton, 1987).

Common Name Scientific Name Calories Proteins  Carbohydrates Lipids Fiber Ash
®) ®) ®) ®) ®)
Pijuayo Bactris gasipaes 196 2.6 41.7 44 1.0 ND
Guayaba Psidium guajaba 36-50 0.9-1.0 9.5-10.0 0.1-0.5 2.8-5.5 0.4-0.7
Lady Finger Banana  Musa paradisiaca 110.7-156.3  0.8-1.6 25.5-36.8 0.1-0.8 0.3-0.4 0.6-1.4
Papaya Carica papaya 23.1-25.8 0.1-0.3 6.2-6.8 0.1-1.0 0.5-1.3 0.3-0.7
Airambo Phytolaca rivinoides ND ND ND ND ND ND
Mullaca Physalis angulata ND 0.05 ND 0.16 4.9 1.0
Cetico Cecropia sp. ND ND ND ND ND ND
Mispero Achras sapota ND ND ND ND ND ND
Renaco Ficus sp. 80 12-1.3 17.1-20.3 0.1-0.3 12-2.2 0.48-0.85
Yucca Manihot esculenta 135 1.0 32.4 0.2 1.0 0.9
Mishquipanga Renealmia alpina ND ND ND ND ND ND
Picho Huayo Siparuna guianensis ND ND ND ND ND ND
Cocona Solanum sessiliflorum ND 0.6 5.7 ND 0.4 ND
Cashew Anacardium occidentalis ND 0.1-0.2 9.1-9.8 0.1-0.5 0.4-1.0 0.2-0.3
Caimito Chrysophyllum cainito 67.2 72.0-2.33 14.7 ND 0.6-3.3 0.4-0.7
Anona Annona muricata 53.1-61.3 1.0 14.6 1.0 0.8 0.60
OTHERS

Rice Meal Powder Oryza sativa ND 6.2 36.0 52 28.9 15.7
Wheat Bran Triticum aestrivum ND 15.2 53.8 3.9 10.0 6.1

ND = No data available
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this diet meets or exceeds nutritional needs of gamitana and
paco. Results of the present study are being shared with local
farmers via extension work, and future results will be shared
similarly. We have also gained perspective as to when these
fish reach their reproductive peak during their annual cycle in
order to better program spawning efforts. We also determined
some parameters that can be controlled to obtain improved
gamete quality from the broodstock. Most importantly, the
information gleaned from the Ninth Work Plan is being made
available to local farmers through an extension program now
fully in place.
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ABSTRACT

Proximate analysis of broodstock and grow-out feeds for gamitana (Colossoma macropomum) and paco (Piaractus brachypomus)
and their constituent feedstuffs was conducted. Literature values for specific nutrients known to affect fish reproduction were
calculated from published sources for the broodstock diet. Fatty acid and amino acid profiles of broodstock eggs were
obtained. Analytical information on the feedstuffs and diets currently being used in Iquitos, Peru, together with the egg data
and published information on the natural diets of colossomids and broodstock nutrition in other species, was combined to
formulate preliminary recommendations for the nutrition and feeding of gamitana and paco broodstock.

INTRODUCTION

Colossomid culture in Iquitos, Peru, may be limited currently
by several factors, including the inability to obtain consistent
spawning of captive broodstock. Inadequate nutrition of the
broodstock may be contributing to this problem. Broodstock
nutrition research in fish is rapidly expanding because reliable
propagation of captive species is both difficult and vital to the
success of most aquaculture industries. Key nutrients such as
long-chain highly unsaturated fatty acids, amino acids, and
antioxidant vitamins are implicated consistently in the
spawning performance and production of quality offspring in
many fish species (De Silva and Anderson, 1995). The amino
acid profile of fish eggs has been used as an index of the
appropriate amino acid balance for broodstock diets (Ketola,
1982), and the fatty acid profile may be used to determine the
essential fatty acid composition of the diet (Tocher and Sargent,
1984). Chemical analyses of feedstuffs, prepared broodstock
diets, and fish eggs were used in this study, along with
published data, to identify nutritional factors that may be
hindering reproductive success in captive colossomid brood-
stock. In addition, preliminary recommendations were made
for improvement of broodstock diets.

METHODS AND MATERIALS

Proximate analysis of feedstuffs and broodstock diets were
conducted using standard methods (Association of Official
Analytical Chemists, 1984). Protein was analyzed using the
Kjeldahl method. Total lipid content was analyzed using the
Folch method (Folch et al., 1957). The amino acid profiles of
fertilized and unfertilized colossomid eggs were determined
with an amino acid analyzer. The fatty acid profiles of the eggs
were determined with a gas chromatograph equipped with a
flame ionization detector. Other data used in this report were
obtained from published sources. Small-scale feeding trials
were attempted with Piaractus brachypomus to bracket the
dietary requirements for vitamins C and E. However, most of
the fish died during prolonged power outages due to ice
storms in Arkansas in December 2000 and January 2001.
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REesuLTs AND DiscussioN

The analyzed protein content of the broodstock diet was
approximately 32%. The calculated energy:protein (E:P) ratio
(kcal of energy per gram of protein) of the current broodstock
diet is about 8.7. This is lower than the range of values reported
for good growth of colossomid species (10.7 to 13.9) (Castagnolli,
1991). Adult fish require more energy than juveniles simply for
maintenance and even more energy for production of gametes.
Colossomid eggs are known to be lipid-rich, which appears to be
an adaptation to support metabolism rather than growth of
newly hatched larvae as they drift downstream for days without
feeding (Araujo-Lima, 1994).

The relative abundance of protein compared to energy in the
broodstock diet may cause the fish to metabolize a large
percentage of protein for basic maintenance requirements,
possibly at the expense of gamete production. This imbalance
is also not cost-effective, as protein is a more expensive energy
source than lipid or carbohydrate. The E:P ratio of the current
broodstock diet could be increased by replacing some of the
nutrient-poor wheat husks with lipid. Some of the broodstock
fish are reportedly “fatty” (Fernando Alcantara, pers. comm.).
If this is the case even on a relatively low-energy diet, there
may be a lipid transport problem. This problem has multiple
potential causes but might be relieved by including dietary
lipid in the form of soybean lecithin (1%). Lecithin is a phos-
pholipid which functions in lipid digestion and transport and
improves performance in some fish (Hertrampf, 1992).
Phospholipid supplementation of broodstock diets also
enhances egg quality in some fishes, such as red sea bream
(Watanabe et al., 1991), and serves as a source of phosphorus.
The present swine vitamin-mineral premix does not contain
phosphorus, and fishmeal is the primary source of available
phosphorus in the diet. Phospholipid content of the broodstock
diet was not addressed in the present study, but will be
measured in future studies with colossomid broodstock.

No supplemental lipid was added to the current broodstock
diet, but it contains 7% lipid. Most of the lipid comes from
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fishmeal (2.9%), wheat husks (1%), soybean meal (0.7%), and
corn flour (0.7%). The lipid content of the broodstock diet
strongly influences the fatty acid profile of fish eggs (Watanabe
et al., 1978, 1984). The lipid content and fatty acid profile of
fertilized and unfertilized colossomid eggs from captive
broodstock in Iquitos is shown in Table 1. The total lipid
content of fertilized and unfertilized eggs ranged from 41.5 to
42.5%. This lipid level is considerably lower than the value
(60%) reported for unfertilized colossomid eggs by Heming
and Buddington (1988). The apparent lipid deficit in colos-
somid eggs in this study might have resulted directly from the
low available energy content of the current broodstock diet.
This problem can be resolved by supplementing lipid in the
diet, as recommended earlier. The total lipid content of
unfertilized eggs was significantly higher than that in fertilized
eggs, probably signifying the use of lipid to fuel ontogenetic
changes following fertilization (Table 1). There were no
differences in the relative amounts of individual fatty acids
between fertilized and unfertilized eggs.

Lipids from the fish meal supplied several of the long-chain

(= 20 carbons) fatty acids known to be important for reproduc-
tion in fish: eicosapentaenoic (EPA, 20:5n-3), eicosatetraenoic
(arachidonic, 20:4n-6), and docosahexaenic (DHA, 22:6n-3).
The 20-carbon fatty acids are precursors of prostaglandins,
which regulate ovulation in females (Goetz, 1983) and synchro-
nization of reproductive behavior in males and females
(Kobayashi et al., 1986a, 1986b). The DHA plays prominent
roles in the development of the brain and other parts of the
nervous system, especially the eye (Mourente and Tocher,
1998). Because the n-3 and n-6 fatty acids are antagonistic, a
ratio of 1:1 of n-3 to n-6 fatty acids has been suggested as
optimal for most fish functions, including reproduction (Tacon,
1987). Colossomid eggs in this study appeared to have about
twice as much total n-3 fatty acids as n-6 fatty acids (Table 1).
Eggs of wild colossomids were not available during this study,
but comparison of fatty acid patterns from wild and cultured

Table 1.  Total lipid (%) and fatty acid (% of total fatty acids) content
of freeze-dried fertilized and unfertilized eggs from Piaractus
brachypomus in Iquitos, Peru.""2

eggs should indicate whether or not the n-3:n-6 ratio of
approximately 2:1 represents an imbalance in the eggs from
cultured fish. A deficiency or imbalance of the n-3 and n-6, 20-
to 22-carbon fatty acids in broodstock diets has been identified
or implicated in impaired spawning or reduced gamete and
larval quality or both in rainbow trout (Fremont et al., 1984),
fathead minnows (Cole and Smith, 1987), goldfish (Wade et al.,
1994), milkfish (Ako et al., 1994), and many marine fishes
(Izquierdo et al., 2001). Because the main source of these fatty
acids in the present colossomid broodstock diet is the lipid
associated with the fish meal, any change in diet composition
that results in a lower level of fish meal should be accom-
panied by an increase in supplementation of marine fish oil.
There are very few other practical lipid sources that contain
highly unsaturated fatty acids of both the n-3 and n-6 families.

The combination of fish meal (25%) and soybean meal (30%)
meets the essential amino acid requirements of most warm-
water fish for most functions (National Research Council,
1993). The amino acid profile of fertilized and unfertilized
colossomid eggs is shown in Table 2. Leucine was the predom-
inant indispensable amino acid in both fertilized and unferti-
lized eggs. Histidine was present in lower amounts than all
other indispensable amino acids in both fertilized and unfertil-
ized eggs. The high levels of leucine, glutamic acid, and
alanine indicate that the broodstock diet is providing sufficient
quantities of the amino acids needed to synthesize vitello-
genin, the primary precursor of yolk proteins in teleosts.
Although omnivorous and vegetarian fishes need little or no
fish meal for optimal growth, Oreochromis niloticus broodstock
fed diet