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Abstract

This study evaluated the effect of periphyton technology (PPT) on the growth performance and breeding schedule of
Oreochromis niloticus(Linnaeus, 1758) juveniles. Six ponds, each measuring 81 m? were used for the study. The ponds
were applied with agricultural lime at a rate of 4 g.m™, and fertilised using chicken manure to facilitate primary
productivity. The PPT ponds were fitted with two-metre-long eucalyptus poles of 5 cm diameter placed at 50 cm
intervals with the reqular addition of molasses as a carbon source. Tilapia juveniles were stocked at a density of 3
fish.m2in all ponds and fed on a commercial diet of 20 % crude protein (CP) twice daily at 3 % body weight. Fish were
sampled weekly for growth and survival data and bi-weekly for fecundity estimates. The PPT-ponds registered
significantly higher survival rate(97.50 + 0.35 %), mean weight (150.69 + 0.99 g), specific growth rate (SGR)(2.75 + 0.01),
and feed conversion ratio (FCR)(1.29 + 0.01), than the control ponds, which registered survival (31.15 + 0.88 %), mean
weight (99.23 + 0.96 g), SGR (2.29 + 0.00), and FCR (1.58 + 0.01). There was significantly higher fecundity in the PPT-
ponds (2.28 + 0.09 g.fish™) than control (1.74 + 0.06 g.fish™), with prolific spawning starting 4 weeks earlier in the
control ponds than in the PPT-ponds. This study demonstrated the potential of PPT for enhancing tilapia growth while
delaying prolific breeding behaviour. Further studies should explore PPT in replacing synthetic hormones for sex-
reversal of tilapia fry in hatcheries.

Keywords: biofilm, bioflocs, survival activity index (SAI), regenerative aquaculture, single cell proteins

Introduction locally available to the scientific community,
policymakers and fish farmers.

Aquatic food consumption has become a common

debate in the global food system analysis and blue
revolution debate due to many health benefits
attributed to fish proteins (Naylor et al., 2021). To
maintain the current human aquatic food demand,
there is a need to expand and intensify the
aquaculture sector in the next five decades
(Henriksson et al., 2018). The intensification of
aquaculture production requires implementing of
sustainability-driven policies framed within the blue
bio-economy powered by nature-based solutions and
blue-biotechnology (Becker and Calado, 2021). The
information on regenerative fish  production
technologies that ensure faster and higher production
volumes with minimal input cost should be made

In developing countries, the aquaculture sector faces
several challenges, including limited land, water, seed
and feeds, which have led to production stagnation
(Munguti et al., 2014; Ogello and Munguti, 2016). Fish
feed is animportant factor in the aquaculture industry
that now accounts for 50-70 % of total production
cost (Munguti et al., 2021). Most of the fish feeds
currently used by small scale fishermen are inefficient
as only about 30 % of nutrient inputs are converted
into harvestable products (Gross et al., 2000;
Krishnani et al., 2019). There is a need for regenerative
or bio-circular aguaculture technologies that can
generate natural food materials within the system to
sustain  the aquaculture units, with limited
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supplementary feeding, which can be done with low-
quality and cheap diets.

Culture systems such as periphyton technology (PPT)
are considered sustainable and regenerative systems
due to the generation of highly nutritious natural food
materials within the system. Periphyton technology is
a concept derived from traditional fishing methods in
West Africa and was recently improved in Bangladesh
and India by introducing substrates in the polyculture
of Indian carps (Beveridge et al., 1998; Yadav et al.,
2017). The principle of PPT involves using underwater
substrates e.qg., bamboo sticks on which a community
of bacteria, fungi, protozoa, snails, chironomids,
mayflies, oligochaetes and crustaceans colonise
(Azim et al., 2002; Abwao et al., 2014). The substrates
provide sufficient surface area for the growth of
periphyton communities, which are direct food
sources for the cultured fish (Miao et al., 2021), and
facilitate good water quality (Beveridge et al., 1998; Li
et al., 2019a). The growth of the microbial community
is enhanced by maintaining a higher carbon-nitrogen
ratio (C/N) of about 10-15(0gello et al., 2018; Guo et al.,
2020), which is best achieved through the addition of
carbohydrate (molasses) or low-protein supplemental
diet (Avnimelech, 1999; Tinh et al., 2021). The
periphyton community also convert total ammonia
nitrogen (TAN) generated in the system to bacterial
biomass by heterotrophic bacteria (Aisyah et al., 2021)
or converts it into nitrite in the presence of oxygen
and later into nitrate by nitrifying bacteria allowing
other microorganisms to form less harmful molecules
(Abakari et al., 2020).

Oreochromis niloticus is the main species cultured in
ponds because of its rapid growth and ability to graze
at lower food chains. However, tilapia has a problem
of early sexual maturation and prolific breeding that
leads to stunted growth (Fashina-Bombata and
Megbowon, 2012). Hormonal (i.e., 17a-methyl
testosterone) sex-reversal technique is a popular
method currently used in many hatcheries to prevent
prolific breeding in ponds (EI-Greisy and El-Gamal,
2012; Megbowon and Mojekwu, 2014; Jensi et al.,
2016). However, the potential effect of hormonal sex-
reversal in the ambient environment has yielded
mixed results, hence the need for other techniques.
Periphyton is nutritionally attractive as it contains 27
% crude protein, 18 % lipid and 52 % carbohydrates
which are better than most commercial feeds used
for the growth of 0. niloticus, thus all nutrient
components make their representation on the
periphytic microhabitat (Ogello et al., 2014). Since
tilapia depends on natural foods in the form of
plankton, periphyton (Abdel-Fattah, 2020) and
microbial floc (Mugwanya et al., 2021), this study
hypothesises that PPT will enhance the growth
performance of cultured fish due to the high quality of
nutrition. Quality nutrition is a factor of high fecundity
and quality of tilapia eggs. However, the adoption of
PPT in local aquaculture initiatives has not been
adequately explored, and many technical and
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biological functions are not yet clear for fish farmers.
This study aims at evaluating the effects of PPT on
the growth performance and breeding behaviour of O.
niloticus cultured in earthen ponds.

Materials and Methods

Study site and design

The study was conducted at Kenya Marine and
Fisheries Research Institute (KMFRI) Sangoro in
Kisumu County, Kenya. Six earthen ponds each
measuring 81 m?, with an average depth of 1 m were
used for the study. The ponds were limed using
quicklime i.e., calcium carbonate (CaCO;) based on
soil pH at 4 g.m? according to Boyd et al. (2002), and
left for 1 week. Two-metre-long eucalyptus poles (a
local tree mainly used for fencing and building
material) with a mean diameter of 5 cm were used as
substrates in the periphyton culture units. The poles
were inserted into the pond bottom vertically at an
interval spacing of 50 cm, according to Hoque et al.
(2018) (Fig. 1). The ponds were filled with water and
fertilised using chicken manure to facilitate primary
productivity at a rate of 50 g.m™? The manure was
enclosed in gunny bags and placed at the inlet area of
each pond. The carbon-nitrogen (C:N) ratio of the
pond water in the periphyton pond was adjusted to
15:1 using molasses as the main carbon source
according to Ogello et al. (2018), and the ponds left for
10 days to allow sufficient production and colonisation
of periphyton on the substrates before stocking. This
study had two treatments i.e., PPT- and control-
ponds which were triplicated. The control ponds had
similar treatment and management practices as PPT
except for the substrates and addition of molasses.

Fig. 1. Constructed periphyton ponds in KMFRI Sangoro
Aquaculture Center, in which Oreochromis niloticus were
cultured. The inserted eucalyptus poles were used as
substrates upon which periphyton community attached for
fish to graze.

Experimental fish
Mixed-sex of pure O. niloticus post-fingerlings were

obtained from KMFRI's hatchery. At the fry stage, the
fish were conditioned using live food resources (i.e.,



rotifers, copepods and cladocerans) produced using a
live food dispenser operated by biofloc system for 2
weeks (Fig. 2). The fish were introduced to co-feeding
program involving live food and a commercial diet (20
% crude protein) until they attained post-fingerling
stage of about 12 g. The fish were conditioned, initial
measurements taken and then stoked in the ponds.
All the ponds were stocked at a density of 3 fish.m™.

Pond management

There was no water exchange in the ponds to
preserve the periphyton community. However, water
depth was monitored daily and water was only added
to compensate for losses from evaporation. The fish
were fed twice daily at 3 % body weight daily ration (at

9.00 am and 3.00 pm) with a commercial diet 20 % CP
for 3 months. The 20 % CP diet was obtained from
KMFRI's fish feed processing plant. Carbon source
(molasses) was periodically added into the PPT ponds
to facilitate the proliferation of microorganisms for
periphyton development, as shown in Figure 3.
Selected physicochemical water parameters i.e.,
temperature (°C), pH, conductivity (uS.cm), and
dissolved oxygen (mg.L") and total dissolved solids
were monitored weekly using a multiparameter water
quality meter (WQC-24, DKK-TOA Corporation, Japan).
Indophenol blue spectrophotometric method was
employed for determination of total ammonia
nitrogen (TAN) using spectrophotometer (Varian Cary®
50 UV-Vis Spectrophotometer, Varian, Inc., USA)(Li et
al., 2019b).

[ Fishwastes mainly heads (Fishwaste diet (FWD)) ]

L

I Crush FWD using mortar and pestle ]

O

Weigh 0.5 g/L of FWD and wrap in 200pm
plankton net and insert in about 150 cm? text liner
container

Add 0.2 g/L of carbon
source (wheat flour)

water bath system
maintained at 28+1°C

Culture conditions

%+ Sea water 22ppt.

% inoculate 20
rotifers/mL

¢+ Monitor water quality
in the tanks daily (NH3-
N, DO, and pH).

y )

)

15t harvesting day 5 and 219 harvesting day 10 and
add new water and FWD add new water and FWD

3 harvesting day 14 and
add new water and FWD

Wash and disinfect tanks
and restart cultures

Fig. 2. Live-food dispenser used for production of live food resources using environmental wastes as substrates (Adopted from

Ogello et al., 2020).

Daily feeding of 3 % fish body weight

Y

30 % x 1000 g = 30 g feed added per kg fish per day

l Feed with 20 % protein

’ 20 % x 30 g = 6 g protein added per kg fish per day ‘

l 16 % of protein is N (Boyd, 2018)

’ 16 % x 6 g =0.96 g N added per kg fish per day ‘

A 4

About 75 % of Feed-N is not eaten (Piedrahita, 2003)

‘ 75 % x 0.96 g = 0.72 g N per kg fish/day ends up in water ‘

A 4

Microorganisms require a C/N ratio of 15 (Ogello et al., 2018)

’ 0.72 g N x 15 = 10.8 g C per kg per day required ‘

l 50 % of Molasses is Carbon (Emerenciano et al., 2017)

108g _
05

21.6 g of molasses added per kg fish per day

Fig. 3. Schematic calculation of the amount of molasses required to remove total ammonia nitrogen in the periphyton

technology ponds.
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Data collection
Sampling

Fish was sampled weekly for growth and survival
measurements and bi-weekly to determine fecundity.
For the growth experiment, 30 fish were randomly
sampled from each pond (using seine nets) at each
sampling time for length and weight determination
before returning them into the pond. For fecundity, 10
fish were sampled and the mouth was checked for
eggs. The eggs were weighed and recorded. Prolific
breeding behaviour was determined by the time taken
to first spawning.

Survival activity index (SAl)

The hatching rate and survival activity index (SAl)
experiments were performed to determine the quality
of the tilapia eggs and the fish larval survivability
during starvation, respectively. Here, 20 eggs were
placed in 500 mL beaker containing 300 mL of water
at 25 °C in total darkness, without aeration and
feeding. After every 24 h, dead larvae were counted
and removed until total larval mortality was reached.
The treatments were triplicated and observations
were used to calculate the hatching rate and SAI. The
percentage of eggs that hatched normally was
calculated after 24 h using the formula of Pertiwi et al.
(2017);

Percentage of eggs that hatched normally =

Normal hatched larvae

Total number of eggs * 100

SAl was calculated using the equation of Matsuo et al.
(2006);

K
1
SAl = NZ(N —hi) xi
i=

where N = total number of examined larvae, hi =
cumulated mortality by i-th day and K = number of
days elapsed until all larvae died due to starvation.
Morphological characteristics of the larval fish
samples i.e., total and standard length, eye diameter,
body depth and head length (Fig. 4), were measured
using a microscopic measurement system that
included a stereomicroscope (Discover V8, Zeiss,
Germany) equipped with a digital camera (AxioCam
HSm, Carl Zeiss, Germany) and image-analysis
software (AxioVision 4.8).

Growth and survival analysis

The following growth parameters were measured
using standard protocols (Khanjani et al., 2017);

Mean weight gain (MWG) =
Final mean weight (W1) - Initial mean weight (Wo)

Asian Fisheries Science 34(2021:290-300 (® 293

Specific growth rate (SGR) =

[In (final mean weight) — In (initial mean weight)

1 %100

Time in days

. . Feed consumed
Feed conversion ratio (FCR) = —————
Body weight gain

Survival rate (%) =

Number of fish at the end of the experiment 100

Number of fish at the beginning of the experiment

Determination of plankton communities

Water samples from the ponds were collected during
the last week of the study period. In each pond, the
water was collected in three spots at a depth of 25 cm
and passed through 50 p mesh plankton net. The
water samples were then put on a measuring cylinder
and made up to 100 mL. One millilitre of water sample
was then pooled from the measuring cylinder and
placed on Sedgewick-Rafter (S-R) chamber. The
plankton communities were observed in a light
microscope under x400 magnification. Five fields of
the chamber were randomly selected, counted and
used to estimate the total number of the plankton
communities. The abundance was expressed as the
number of individuals 5 mL™. The zooplankton species
were identified using the keys constructed by Jeje
(1988), Fernando (1994), while phytoplanktons were
identified using the keys compiled by Withford and
Schumacher (1973) and Edmonson (1959). Estimation
of the total number of planktons was done using the
formula;

N=(nxv)/V

where, N = Total number of plankton cells per litre of
original water; n = Average number of plankton
counted in 5 fields; v = Volume of the final
concentrate of the sample (mL); V = Volume of total
pond water filtered (L)(Patkar et al., 2021).

Proximate analysis of periphyton

Ten poles from each pond were selected randomly on
the last week of the experiment. The biofilm attached
to the poles (periphyton) was then scraped carefully
using a scalpel and emptied on a clean sampling
bottle (Fig. 5). The periphyton was then put on
aluminium foil and sun-dried before sending to Kenya
Agricultural & Livestock Research QOrganization
(KALROQ)for proximate analysis.

Statistical analysis

Statistical analysis was performed using R software
(version 3.2.1 of the R Foundation for Statistical
Computing Platform ® 2015 R Foundation).
Histograms were plotted to test data normality, while
the Bartlett test for homogeneity of variances was
used to test for the equality of variance. The effects
of PPT on growth performance and breeding of tilapia
were analysed with independent t-test. Data was



L

SL

BD

Fig. 4. The five morphological characteristics to estimate larval growth and development of Oreochromis niloticus. TL: Total
length; SL: Standard length; HL: Head length; ED: Eye diameter; BD: Body length.

Fig. 5. Periphyton biofilms attached on the eucalyptus substrates from the ponds treated with biofloc materials.

presented using graphs in SPSS version 20. Values
were expressed as mean + standard error of mean
(SEM), and the significant differences accepted at P <
0.05.

Results

There were significant differences in the final weight,
final length, weight gain, survival, SGR and FCR, with
fish cultured under PPT condition recording superior
performance than those cultured in control. The
growth performance indicators of O. niloticus cultured
under PPT and control treatments are summarised in
Table 1. Water quality parameters are presented in
Table 2.

Table 1. Oreochromis niloticus growth performance
indicators comparing the control and periphyton ponds.

Variable Control Periphyton
Initial weight (qg) 12.35+0.157 12.35+0.15°
Initial length (cm) 8.44+0.097 8.44+0.09°
Final weight (qg) 99.23 +0.96° 150.69 + 0.99°
Final length(cm) 17.58 £ 0.06% 21.08 +0.21°
Weight gain(q) 86.88 +0.817 138.34 +0.84°
Survival (%) 91.15+0.88% 97.50 + 0.356°

Specific growth rate (SGR)  2.29+0.00° 2.75+0.01°
Feed conversionratio(FCR) 1.568+0.012 1.29+0.01°

The values represent mean + SE. Common superscript in the
same row shows that the measurements were not
statistically different as determined by unpaired t-test;
Different superscripts indicate significant differences at P <
0.05;a<b; n=230.

There was no significant difference in mean body
weight within the first 3 weeks of the experiment
between PPT- and control fish. However, significant
difference was eminent from week 4 to 13, with fish
cultured in PPT condition having higher mean body
weight than those cultured in control conditions (Fig.
B).

Periphyton technology significantly affected fish
fecundity estimates (t7.29 = 5.025, P = 0.001), with the
PPT-ponds showing higher mean weight of eggs (2.28
+0.09) than the control-ponds (1.74 + 0.06). There was
a significant difference in fish spawning schedule,
with fish in control ponds experiencing early spawning
(from fourth week) while fish in the PPT started
spawning at the eighth week (Fig. 7). There was a
statistically significant increase (P < 0.05) in the mean
weight of eggs across the weeks in periphyton.

Morphological characteristics of larval
fish samples

Morphological features of the larval fish samples are
shown in Table 3. There were no significant
differences in eye diameter, head length and body
depth between the fish cultured in PPT and those
cultured under control. However, there were
significant differences in hatching rate, total and
standard length (Table 3). Fish larvae from PPT-ponds
survived up to the eighth day of starvation with a
survival activity index (SAl) of 8.94 + 1.7 while all the
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Table 2. Water quality parameters in control and periphyton technology ponds.

Variable Control Periphyton Ideal ranges

Temperature (°C) 27.43 +0.45 27.76 £ 0.41° 20-35(Nqugi et al., 2007)

pH 8.30+0.19° 8.10 £0.13° 6.5-9.0(Deswati et al., 2020)
Total dissolved solids(mg.L ™) 204.54 +0.96° 97.15+£6.21° <600 (FME, 2001)
Conductivity (uS.cm) 431.92 +16.05° 233.54 £15.571° 100-500(Russel et al., 2011)
Dissolved oxygen(mag.L™) 8.71+£0.18° 6.49 +£0.13° >4.0(Emerenciano et al., 2017)
Nitrite (mg.L™) 0.07+0.012 0.02 +0.01° <1.0(Emerenciano et al., 2017)
Ammonia(mg.L) 0.21+0.03? 0.06 £0.01° <1.0(Emerenciano et al., 2017)
Ammonium (mg.L™) 0.20 £0.04° 0.02 +0.01° <1.0(Emerenciano et al., 2017)

Different letters in the same row represent statistically significant differences between the ponds as determined by

independent t-test(P < 0.05).
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Fig. 6. Growth curves showing mean body weight (g) of

Oreochromis niloticus cultured in periphyton technology and
control-ponds over the experimental period.
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Fig. 7. Mean weight of eggs of Oreochromis niloticus
sampled weekly from periphyton and control ponds.

Table 3. Morphological features of the Oreochromis niloticus larval samples comparing the control- and periphyton ponds.

Variable Control Periphyton P-value
Hatching rate (%) 88.75 +0.45° 96.40 +1.98° 0.000
Total length (mm) 5.74 + 0.06° 6.05+0.071° 0.000
Standard length (mm) 4.76 £ 0.04° 5.33+0.07° 0.001
Body depth (mm) 0.71+£0.092 0.71+0.10° 0.159
Head length(mm) 0.91+0.07° 0.92 £0.09° 0.088
Eye diameter (mm) 0.29+0.03° 0.30+0.04° 0.232

The values represent mean + SE. Common superscript in the same row shows that the measurements were not statistically
different as determined by unpaired t-test; Different superscripts indicate significant differences at P < 0.05; a > b; n=25.

control fish died by the fifth day, indicating SAl of 5.29
+2.1.

Plankton abundance

Phytoplankton

There was no statistical difference (P > 0.05) in
phytoplankton mean abundance between control

(1061.60 + 145.46) and the periphyton treatment
(689.67 + 127.71). Cyanobacteria dominated the control
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ponds while diatoms dominated the PPT ponds (Fig.
8).

Zooplankton

There was significantly higher (P < 0.05) mean
zooplankton abundance in the PPT-ponds than in
control ponds. The PPT-and control-ponds registered
zooplankton mean abundance of 2771.83 + 313.11 and
262.67 + 16.78, respectively. Rotifera was the most
abundant, while Cladocera was the least abundant in
control and PPT treatment (Fig. 9).
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Fig 8. Mean abundance of phytoplankton in both control and

periphyton technology-ponds

Periphyton proximate composition

The proximate composition of periphyton is shown in
Table 4.

Table 4. Proximate analysis of periphyton biofilm scrapped
from the eucalyptus poles in the periphyton ponds.

Composition Amount (%)

Crude protein 27.26+1.32

Fibre 0.55+0.01

Fat 3.59+0.13

Ash 39.50+0.78

Moisture 12.53+0.28
Discussion

This study has demonstrated the potential of PPT in
improving growth performance while delaying prolific
breeding behaviour in Nile tilapia, 0. niloticus. The
survival rate of 0. niloticus in the periphyton
treatment (97.50 + 0.35 %) was significantly higher
than the control-ponds (91.15 + 0.88 %). This could be
attributed to quality nutrition from feeding on the
high-density plankton community in the PPT ponds.
Consumption of zooplanktons and benthos by young
tilapia positively influence fish survival rate (Mamaril,
2001). The microbial communities attached to the
substrates have been reported to increase fish
survival by providing antibiotic  substances,
probiotics, and vitamins (Azim et al., 2005). Other
studies have shown that immunostimulant
substances such as lipopolysaccharide,
peptidoglycan and beta-glucan in the wall of
heterotrophic bacteria increases fish survival (Walker
et al., 2020). The substrates used in the PPT ponds
may have acted as shelters for the fish hence
preventing predation.
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Fig 9. Mean abundance of zooplankton in the control
and periphyton technology treatment.

Periphyton technology ponds exhibited a positive fish
growth parameter index compared to fish cultured
under control conditions (Table 1). Fish were regularly
browsing on the large periphyton biomass attached to
the eucalyptus substrates in the periphyton ponds.
This study hypothesised that the attached nutritious
periphyton was a highly preferred fish feed that might
have contributed to the high tilapia growth rate
compared to control ponds. After being grazed, the
periphyton mass would quickly regenerate, probably
due to the symbiotic relationship between periphyton
and phytoplankton. This finding corroborates the
findings of other studies, which reported periphyton-
based aquaculture as a robust source of high-quality
natural feed (Saikia and Das, 2009), and has been used
to improve aquaculture production (Keshavanath et
al., 2004). Other studies have reported improved
growth performance of cultured fish in natural
heterotrophic biota (Adineh et al., 2019; Sarkar et al.,
2021). Furthermore, other studies have confirmed
that microbial organisms are rich sources of dietary
stimulants (Wang et al., 2015), bioactive compounds
(Ju et al., 2008; Xu and Pan, 2013), growth and
immune boosters (Supamattaya et al., 2005; Kuhn et
al., 2010) that along with supplemental feed, provide a
complete diet for cultured aquatic species (Khanjani
and Sharifinia, 2020).

The high growth performance is also attributed to the
presence of periphytic algae in the PPT-ponds.
According to Dempster et al. (1995), filter-feeding on
only planktonic algae may not meet the energy
requirements of 0. niloticus. Being an herbivorous
fish, O. niloticus species require larger sized food
items such as algal-based detritus and benthic algae
to augment phytoplankton consumption (Dempster et
al., 1993). Becker (2007) reported that microalgae are
composed of high nutritional value, superior to
conventional plant protein sources. According to
Huchette et al. (2000), algae attached to periphyton
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substrates and the coexisting zooplankton and
bacterial biomass are directly utilised by tilapia
species leading to higher growth than in ponds
without substrates. The slow growth rates in the
control ponds could possibly be due to the dominance
of cyanobacteria which have low nutritional value and
fish are unlikely to graze on them, possibly due to
their toxicity effects(Llario et al. 2018). Malbrouck and
Kestemont (2008), from their laboratory and field
experiments, reported that aqueous and cell-bound
cyanotoxins in fish diets are not good for their
behaviour, morphology and physiology.

Studies by Mirzakhani et al. (2019) and Khanjani et al.
(2020) reported improved FCR in tilapia cultured in
C/N-controlled systems. Sakr et al. (2015) reported a
better fish growth performance in treatments with
low protein levels in the presence of periphyton
substrates than the treatments fed on high protein
level in absence of periphyton substrates. Huchette
and Beveridge (2003) concluded that the periphyton
could only be used to partially replace the pelleted
feeds to reduce the production costs. According to
Garcia et al. (20716), the introduction of substrates in
cages improved the performance of O. niloticus using
a low-proteinous diet (20 %). Avnimelech (2007)
reported that the bacterial biomass stimulated by
adding carbon source provides 50 % of the protein
requirement of tilapia. Therefore, the high growth
rate recorded in the periphyton treatment shows
efficient utilisation of the natural microbial feed.

The PPT ponds generally exhibited good water quality,
as demonstrated by low ammonia, ammaonium, nitrite,
and dissolved solids (Table 2). The addition of carbon
source in the PPT promoted the proliferation of single
cell proteins (SCP), which practically extracts
ammonia molecules in the water to make body mass,
hence the good water quality in PPT ponds. Good
water quality is necessary for faster fish growth rate
and survival.

Fecundity is considered as the reproductive capacity
of a fish species in each spawning season (lzquierdo
et al., 2007; Orlando et al., 2017). Low egg quality is
one of the major problems that have restricted
aquaculture expansion. Fecundity of 0. niloticus can
vary based on the size of the fish or the farming
system involved (Gomez-Marquez et al., 2003;
Lupatsch et al., 2010). In the present study, PPT-
ponds registered a significantly higher mean weight
of eggs than the control-ponds. The PPT treatment
also had a significantly higher eggs quality than the
control. According to Rocha (2008), egg quality is
determined by ecological factors (e.q., water quality),
physiological factors (e.g., mobilisation of energy
reserves) and nutrition of the female. The lipids and
proteins in fish feeds are assimilated into the eggs
during yolk formation inform of enzymes, lipoproteins,
and enzymes (Orlando et al., 2017). The larvae depend
solely on the nutritional reserves as they hatch. The
time taken to exhaust the endogenous reserves
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determines the quality of eggs. Therefore, the higher
reproductive performance in PPT-ponds could be
attributed to high quality periphyton because the
nutrients present in the diet are deposited into the
oocytes during yolk formation. The microbial feed also
contains vitamin C (Crab et al, 2012) and
polyunsaturated fatty acids (Ekasari et al., 2010),
which have been reported to contribute to the high
quality and quantity of eggs (Dabrowski and Ciereszko,
2001). Ecological factors such as poor water quality
also caused fish stress, eventually reducing
reproductive performance in the control ponds.

The sustainability of O. niloticus culture has been
limited by its precocious maturation. In the current
study, the use of periphyton substrates seems to be a
possible solution to reduce the overpopulation in
farmed tilapia. The prolific spawning behaviour
started earlier (in the fourth week) in control ponds
but was delayed to eighth week in PPT-ponds. This
resulted in reduced growth rates in control ponds
because tilapia species spend a lot of energy during
their generative process, including for the pugnacious
behaviour of the males, territorial defence, mating,
and mouthbrooding of the eggs. If the energy
reserved for the reproductive process is not enough,
tissue proteins are mobilised and catalysed to
perform these functions(Orlando et al., 2017). Further,
the early spawning periods make the ponds
overpopulated with fries and fingerlings resulting in
competition for feeds and depriving oxygen meant for
the cultured tilapia. In the PPT-ponds, the presence
of periphyton substrates may have restricted tilapia
spawning by reducing lekking activities and
preventing early nest formation. This, therefore,
reduced the prolific breeding and energy that could be
directed to maintaining their reproductive capacity
during the early stages of growth was translated to
somatic growth. Further studies are needed to
explore the use of PPT as an alternative to synthetic
hormones that are currently being used to sex-
reverse tilapia to obtain all-male populations for
culture.

Conclusion

Tilapia grew and performed better in the periphyton
technology -ponds than in control ponds. The high
growth performance is attributed to better feed
utilisation efficiency of the natural feed in the form of
plankton and periphyton. The reduced early sexual
maturation of tilapia is also a major contributor to the
increased growth performance. Therefore, this
concept can be used to reduce the costs and negative
impacts that may result from the use of 17a-methyl
testosterone hormone, which is widely used for sex
reversal of Nile tilapia. The present study
demonstrated the potential of periphyton technology
for sustainable, regenerative aquaculture with the
potential of enhancing growth performance
indicators while delaying tilapia prolific breeding
behaviour, which causes stunted growth. Therefore,



periphyton technology can act as a sustainable
approach for ecological fish culture by fish farmers.
Further studies should explore PPT in replacing
synthetic hormones for sex-reversal of tilapia fry in
hatcheries.
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