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Abstract

This work aimed to evaluate the effect of protein-based diets on phytoplankton
composition and dynamics stocked with African catfish fingerlings Clarias gariepinus.
Plankton samples were collected from 12 earthen ponds 400 m?which stocked with 40.07
+1.12 gm fish (4000 fingerlings each). Poultry by-product meal was used to substitute fish
meal as a source of the animal protein in a 25% protein pelleted feed for C. gariepinus.
Experimental diets (25% protein), with fish meal protein replaced by protein from poultry
by-product meal at three levels 0% (D), 35% (Dss) and 70% (D7) were manufactured, fed
to C. gariepinus fingerlings and the rearing period lasted for ~12 months. All treatments
were characterized by both increasing in the chlorophyll “a” content and decrease in
secchi disk readings with time. The data showed that the algal composition represented
by the four divisions Cyanophyta, Chlorophyta, Bacillariophyta and Dinoflagellates. The
diet ponds fed on Dy had significantly the highest standing crop of phytoplankton
compared to all other treatments (p < 0.05). Most of this production consisted of blue
green algae approximately 64-90 % of phytoplankton standing crop. Although the diet Dy
produced a high abundance of green algae but the diet with Das insignificant with D in
phytoplankton communities. The great abundance of blue-green algae caused the misuse
of the diatoms, green algae and dinoflagellates which also accompanied by reduction in
aquaculture yields. Although, the all treatments resulted in the flourish in the production
of algal density but they did not lead to any significant increase in zooplankton abundance
in all treatment. This is may be due to the fact that most of algal density in all treatments
consisted of inedible blue-green algae which are unacceptable to zooplankton. Generally,
it can conclude that there was insignificantly between D, and the D35 in terms of algal
community during in all seasons. So, we can replace the poultry by-product meal at level
35 % by fish meal for African catfish feed pellets.

Introduction

Phytoplankton communities are an essential component of most pond
aquaculture systems. Primary production by phytoplankton is the base of the food
chain in pond cultures that depend upon natural foods to support fish or
crustacean production. Plant nutrients may be intentionally added to these ponds
in form of manures or chemical fertilizers to enhances phytoplankton growth and,
ultimately, increase aquaculture yield. On the other hand, phytoplankton-bases
food chains may be relatively unimportant in pond cultures that rely upon
manufactured feeds to promote rapid growth of the fish or crustaceans (Smith
1988, 1991). Nevertheless, phytoplankton communities are considered beneficial
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even in those systems because they are part of the pond microbial community that
acts to maintain adequate environmental conditions for culture. For example,
phytoplankton communities at moderate standing crops are net producers of
dissolved oxygen, and they assimilate ammonia as a nitrogen source for growth,
thereby reducing the accumulation of un-ionized ammonia, which can be toxic to
aquatic animals at relatively low concentrations. Notwithstanding the beneficial
aspects of phytoplankton in aquaculture ponds, it is commonly accepted that most
water quality problems in aquaculture ponds are the result of unmanaged growth
of phytoplankton communities (Smith 1988, 1991). One important result of that
unmanaged growth is the tendency for phytoplankton communities in freshwater
aquaculture ponds to be dominated by noxious species of cyanobacteria “blue
green algae”.

Algal die-offs cause serious economic losses to aquaculture (Boyd et
al., 1978) in both intensive and extensive aquacultural systems growing both fish
and invertebrates. Catfish ponds in Alabama, U.S.A. were observed throughout
the spring of three consecutive years by Boyd et al., (1978), on average 30% of
ponds had phytoplankton die-offs each spring. Ponds having algal densities
greater than 1000 Anabaena filaments per ml (approximately 50 pugL™ chlorophyll
“a”) showed 81% phytoplankton die-0ffs each spring. Die-offs often produce high
levels of ammonia which can discourage fish feeding and growth for periods of
10-15 days (Tucker et al., 1984). Since total fish production depends on the length
of the growing season, each severe algal die-off can reduce fish production in a
180-day growing season by 6-8%.

Cyanobacteria are widely distributed and represent at least 22 genera,
including over 90 species, that have been identified from freshwater habitats
(Gibson and Smith 1982). Relatively few studies of aquaculture pond
phytoplankton assemblages have been conducted, but it appears that the
cyanobacterial flora is as diverse as that in other habitats. As is true of other
freshwater ecosystems, most of the cyanobacterial species encountered in
freshwater aquaculture ponds occur as rare or minor components of the plankton
community (Hariyadi et al. 1994).

The importance of cyanobacteria in aquaculture ponds, in the most
basic terms of occurrence and biomass, has been amply demonstrated in channel
catfish Ictalurus punctatus culture ponds in Mississippi, USA (Tucker and van der
Ploeg, 1993). During the summer growing season, pond water temperatures are
relatively warm (25-35 °C) and nutrient loading rates are high as large amounts of
manufactured feed are added to ponds to promote rapid fish growth. Over the 6-
months period of warm water temperatures, cyanobacteria are present in nearly all
catfish culture ponds and account for over 75% of the total phytoplankton
biomass in most ponds.
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Aside from the obvious importance of cyanobacteria as contributors to
much of the phytoplankton biomass in freshwater aquaculture ponds, the presence
of bloom-forming species assumes added significance because they are generally
undesirable components of the plankton community. Bloom-forming
cyanobacteria are not a readily utilized source of primary production for food
chains in most aquaculture systems, they are relatively poor oxygenators of the
water, they have undesirable growth habits, certain species may produce odorous
metabolites that confer undesirable flavors to the cultured animal, and some
species may produce compounds that are toxic to fish (Paerl and Tucker, 1995).

The slow growth rate of bloom-forming cyanobacteria may affect
aquaculture production in ponds where the food for fish or crustaceans originates
entirely from in-pond primary production. In essence, the low biomass-specific
rates of net carbon fixation by cyanobacterial communities relative to most
eukaryotic phytoplankton (diatoms, green algae, and dinoflagellates) should
translate into reduced aquaculture yields in which cases. The efficiency of food
transfer in phytoplankton-based food chains may by further reduced when bloom-
forming cyanobacteria are present because they are acknowledged to be poorly
utilized as food by herbivorous crustacean zooplankton (Paerl 1988).
Cyanobacterial biomass is inefficiently utilized by zooplankton herbivore
populations because the colonies or filaments may be too large to be effectively
processed or the biomass may be indigestible, toxic, or of poor food quality
(Porter and Orcutt 1980). The transfer of carbon from primary production to
herbivores in cyanobacteria-based food chains may rely heavily on detritus
pathways or grazing by rotifers and protozoans to convert this biomass into food
more readily utilized by herbivorous zooplankton (Paerl 1988). The additional
steps in cyanobacteria-based food chains may reduce the efficiency of transfer of
organic matter and nutrients from primary production to aquaculture crop.

In this study, we estimated the chlorophyll “a” , secchi disk visibility
and briefly summarized the occurrence of diatoms, green algae, blue green algae
and dinoflagellates in African catfish aquaculture ponds and the consequences of
their presence.

Materials and Methods

This work was carried out for one year period (from Sept. 2002 to Aug.
2003). Twelve earthen ponds each of 400 m? area with the same average water
depth (~ 1.0 m) at the WorldFish Center (Abbassa, Sharkia Governorate, Egypt)
were used in this work. Before the experiment, the ponds were drained, cleaned
and exposed to the sun for one week. The ponds were filled by fresh Nile water
from “Gadaon” channel branched from Ismailia canal; the water was filtered
through saran screen to prevent the entrance of wild fish, their eggs and larvae to

the experimental ponds. Water level was maintained at 1.0 m and any water loss
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due to evaporation or seepage was compensated periodically to maintain the
depths of ~1.0 m.

Experimental design:

The ponds were randomly assigned to three groups with four replicates
per each treatment. The first treatment served as a control receiving commercially
formulated pellets with 25% protein from fish meal (D). In the second treatment
35% of fish meal protein was replaced with that of poultry by-product meal as
source of animal protein (D3s). 70% of fish meal protein was replaced with that of
poultry by-product meal as source of animal protein) (D) for the third treatment.
All ponds were stocked with Clarias gariepinus fingerlings (40.07+1.12gm)
obtained from the WorldFish Center stock ponds. Fish were stocked at a rate of 10
fish/m? The catfish were fed the control diets at a rate of 5% of fish biomass for
one month before applying the tested diets as acclimatization period.

Water physicochemical analysis:

Water temperature (°C) and dissolved oxygen (DO, mg/l) were measured
using an oxygen electrode, water samples were collected to measure both the
hydrogen ions (pH) by using the ACCUMET pH meter (model 25) and total
ammonia (mg/l) by using HACH Comparison (1982). Total alkalinity (as CaCOs3
mg/l), total hardness (mg/l) and nitrate (NO3) were determined according to Boyd
and Tucker (1992). Secchi disk visibility was measured at 10-11 am for every
pond biweekly as recorded by Boyd and Tucker (1992).

Chlorophyll “a” determination:

Randomized water samples were collected from the all corners and
middle of the ponds at the designated time on biweekly basis to determine
chlorophyll “a” concentrations (from Oct. to August) and identify and count the
phytoplankton (from Jan. to August).

Chlorophyll “a” concentrations was determined photometrically by
using spectrophotometer. Water sample (100 ml) was filtered through a
membrane filter (0.45 um pore size), then the membrane filter was grounded and
the chlorophyll “a” contained in the phytoplankton cells was extracted in a known
volume of acetone. The concentration of chlorophyll “a” can be obtained through
the following equation (Vollenweider, 1969).

Chlorophyll “a” (ug/1) = [11.9 (A665 — A750) x V] / [L x 1000/S]
Where:
A665 = the absorbance at 665 nm,
AT750 = the absorbance at 750 nm,
V = the acetone extract volume in ml,
L = the length of light path in the spectrophotometer in cm and
S = the volume in ml of sample filtered.
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Phytoplankton estimation:

Quantitative estimation of phytoplankton was carried out by the technique
adopted by APHA (1985) using the sedimentation method. Phytoplankton
samples were preserved in Lugol’s solution (prepared by dissolving 100g of
potassium iodine (KI) and 50g iodine crystal in 1 liter distilled water solution
containing 100 ml glacial acetic acid) at a ratio of 3 to 7 ml Lugol’s solution to
one liter sample and concentrated by sediment one liter water sample in a
volumetric for about 2 to 7 days. The surface water was siphoned and the
sediment was adjusted to 100 ml. These samples can be kept in closed glass
containers (preferably dark) and stored in the dark (preferably in the fridge). If the
samples are stored for a long period for a long period (months), formalin should
be added (1 ml of 40% formalin per 10 ml of sample). For shorter periods,
addition of some extra lugol’s solution every two weeks is advised, so that the
color is kept dark brown. From the fixed sample, 1 ml was drown and placed into
sedgwick-Rafter cell, then was microscopically examined for counting after
identification of phytoplanktonic organisms. The results were then expressed as
counts per ml. The phytoplankton cells were identified to four division as green
algae  (chlorophyceae), blue-green  algae  (cyanophyceae),  diatom
(bacillariophyceae), and euglena (euglenophyceae). For identification of the algal
taxa, Fritsch (1979) and Komarek and Fott (1983) were consulted.

Zooplankton estimation:

Zooplankton samples for quantitative analysis were taken biweekly. Ten
liters of the pond water were filtered through zooplankton net of 55 um mesh
diameter. Samples were preserved immediately after collection in 4% neutral
formalin. Total zooplanktons were determined in each replicate following Ludwig
(1993).

Statistical analysis:

One-way ANOVA was used to evaluate the significant difference of the
concentration of different items studied with respect to treatment and months. A
probability at level of 0.05 or less was considered significant. Means and standard
errors were also estimated. All statistics were run on the computer, using the SAS
program (SAS, 1999).

Results and Discussion

Phytoplankton density in pond water could be considered as an index to
the photosynthetic activity. In this research, chlorophyll “a” content was
considered as an index to algal density. Phytoplankton density in the D+
treatment was the highest during the whole experiment compared to Dg or Dgs.
The chlorophyll concentration which is considered as an index for algal density,
in the D, treatment increased from January (269.55 ug L™) and reached a
concentration of 583.84 pg L™ in June. This was accompanied with an increase in
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pH and a decrease in the total alkalinity as shown in Table (1). There was
insignificantly between D3s and Dy in the chlorophyll “a” concentration (P<0.05).
All treatments were characterized by both increasing in the chlorophyll “a”
content and decrease in secchi disk readings with time (Table, 2).

Table (1): Some water quality parameters of earthen ponds (400 m®) stocked with C.
gariepinus reared in a mono-culture system at a rate of 10 fingerlings/m’ and fed
with three diets with different source of animal protein for 12 months

Initial body weightg (g/fish)
Final body weight (g/fish)
Total harvest (kg/pond)

224 02* + 10.09
580.7° + 18.87

237.61% £ 741
697.93" + 28 33

Treatment
Item DO (T1) D35 (T2) D70 (T3)

Temperature (°C) 20.35%+0.5 2036%+050 | 20.48%+050
Dissolved oxygen (mg/Ll) 2.04*+0.13 191%+£0.13 2.13%+0.14
pH 761" £0.02 7574+ 0.02 7.60™ £ 0.02
Ammonia (mg/L) 0.02*+0001 | 002*+0.001 | 0.02* +0.001
Ammonium (mg/L) 0.92° +0.03 1.05* + 0.04 0.89% +0.03
NO; N (mg/L) 052" 0.03 0.46* £ 0.03 048" +0.02
NO; (mg/L) 231%+0.12 2.19*+0.11 2.14*+0.11
NO, (mg/L) 0.03*+0.004 | 0.03* £0.003 | 0.03"+0.004
T. alkalinity (mg/L) 389.5%+5.12 | 373.13%+6.06 | 379.71*+6.18
T. hardness (mg/L) 243514 +7.07 | 229.08* +541 | 22890*®+£0.25
Salinity (ppt) 0.8%+0.15 0.62*+0.10 0.61*+0.11
E C (umhos/cm) 981.19%+2324 | 862%+2225 | 863.31%+23.89
Total zooplankton (org./L) 2662* + 242 2702+ 242 2763% £ 242

4784%+11.13 | 38.13%+147 | 4232%+136

23635 +£2.95
666.95"8 £ 33.16

Note: DO (T1) = diet with zero% replacement of poultry by-product by fish meal,
D35 (T2) = diet with 35% replacement of poultry by-product by fish meal and

D70 (T3) = diet with 70% replacement of poultry by-product by fish meal.

A, B, C, D. Values-having different script at the same row are significantly (P<0.05) different.
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Figure (1): Fluctuations of Secchi disk visibility (Cm) of earthen ponds stocked with
C. gariepinus fed with different diets during culture period.
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Figure (2): Fluctuations of chlorophyll "a" concentrations (ug/L) of earthen ponds
stocked with C. gariepinus fed with different diets during culture period.
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The Dy, had the highest abundance of phytoplankton compared to all
treatments with significant different (P< 0.05). The mean number of organisms
was arranged between (10.02 to 19.36 x 10* org. mlI™). Most of this production
was unused to fish and consisted of the unacceptable inedible blue green algae
(7.96— 17.08 x 10* org. ml ™), approximately 64.55 to 88.08 % of total number of
phytoplankton. Although the diet with zero replacement of poultry by-product by
fish meal (Do) produced a high abundance of green algae (1.03 —4.06 x 10* org.
ml ™). The diet with 35% replacement of poultry by-product by fish meal (Dss)
caused less flourish of phytoplankton 8.68-17.49 x 10* org. ml * (9-30 % green
algae, 61-89 % blue green algae, 0.1-1.93 % diatoms and 1.2-7.69 %
dinoflagellates (Table 3). The great abundance of blue-green algae caused the
misuse of the diatoms, green algae and dinoflagellates which should translate into
reduced aquaculture yields (Paerl 1988).

It is known that blue-green algae release toxins (Westhuizen et al., 1986)
which cause fish death when present in high concentration. Blue-green algae
blooms have long been known to be involved in animal deaths and even human
illness in many countries (Schwimmer & Schwimmer, 1968). Blue green algae
synthesize compounds with an earthy-musty flavor and odor, which are excreted
into the water and absorbed by fish, giving them an off-flavor (Lovell and Sackey,
1973). The occurrence of toxic algal blooms is to a large extent unpredictable and
even the potency of blooms can vary within relatively short periods. This renders
them potentially dangerous and suspect at all times. It is known that amongst
other factors environmental conditions and heterogeneity of toxic species and
strains play an important role in the variability of toxic blooms (Scott et al.,
1981).

D, treatment caused a decrease in blue-green abundance (86.53 % in
March to (43.3%) in July of total abundance of phytoplankton, this helped fish to
consume the green algae, diatoms, and dinoflagellates.

Densities of phytoplankton fluctuated during the growing season. Possible causes
of these fluctuations include changes in pH, temperature, light intensity, and
nutrient concentrations (Boyd, 1990).

The blue green algae (Cyanobacteria) in months (Jan., Feb., Mar., and
Apr.) represented the high abundance in all treatments due to the low temperature
(water temperature 15-25°C). Species of Microcystis and Anabaena, two bloom-
forming cyanobacterial genera common to freshwater aquaculture ponds, are
dominant in all treatments. The blue green algae have high nutrient uptake
capabilities as they can accumulate inorganic phosphorus and nitrogen and store
them as polyphosphate and cyanophycin, respectively  when the water
temperature was approximately 20 to 25°C (Persson, 1988).
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Figure (3): Fluctuations of green algae, blue green algae, diatoms and dinoflagellates
% of total for earthen ponds stocked with C. gariepinus fed with different diets
(A, Dy; B, Dss; and C, D) during culture period.
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Nevertheless, blue green algae declined in summer season ( May, Jun.,

Jul.,, and Aug.) because of the temperature was high which the green algae
enhanced growth. The increase in chlorophyll “a” content with time in fish pond
(Table, 2 and Fig, 2) was due to the accumulation of incomplete cropping of the
algae by fish where the blue-green algae which ranged between 60 to 90% in all
treatments. The decomposition of this heavy load of algae and the release of
ammonia as a by-product (Tucker et al., 1984).
Zooplankton consume phytoplankton, but they consume primarily small
phytoplankton less than 25 um in diameter (Gliwicz, 1969, 1977; McCauley and
Downing, 1985) and are apparently unable to control algal biomass in fish ponds
(Vyhnalek, 1983).

The effect of feeding source on the relative abundance of zooplankton
was insignificant (P< 0.05) and was not related to the absolute abundance of algal
organisms but to the quality of algal production. Although, all treatments resulted
in the flourish in the production of algal density but, they did not lead to any
significant increase in zooplankton abundance in all treatment. This is may be due
to the fact that most of algal density in all treatments consisted of inedible blue-
green algae which are unacceptable to zooplankton of fish (Table,1).

Generally, it can conclude that there was significant between D, and the
D35 and Dy, but the Dy the best in terms of algal quality during all months. So, it is
better using artificial feed than other poultry by product feed in terms of quality of
phytoplankton community and conducts the blue green algae problems. But,
Table (1) showed that the D35 gave the highest production (697.93 kg/pond) of
African catfish with a significant difference (P< 0.05) when compared with the
other treatments, So, it can replace the poultry by-product meal at level 35 % by
fish meal of African catfish feed pellets.
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