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Abstract: Coastal homestead ponds are flooded during the rainy season and only hold water for
five to six months. For coastal rural people, these ponds have a substantial impact on household
nutrition and income generation. However, choosing the right culture techniques, stocking density,
and seed size are necessary for fish aquaculture to be effective in this sort of seasonal pond. Hence,
an adaptive field experiment was conducted to reveal the growth performance, yield and cost–
benefit using advanced carp fingerling at different stocking densities in homestead ponds. Advanced
fingerlings of Gibelion catla, Labeo rohita, Cirrhinus cirrhosus, and Labeo calbasu with the mean individual
stocking weight of 243 ± 1.87 g, 223.56 ± 2.35 g, 155.89 ± 1.69 g, and 158.72 ± 1.35 g, respectively,
were stocked at three different stocking densities, e.g., 825 kg ha−1 in T1, 560 kg ha−1 in T2 and
370 kg ha−1 in T3 and reared for 5 months. Homemade supplementary feed with protein content
of 24.25% was supplied twice daily. The specific growth rate (SGR) was recorded highest at T3 for
all the cultured species as L. rohita (1.15 ± 0.01% day−1), followed by G. catla (1.12 ± 0.004% day−1),
L. calbasu (1.09 ± 0.01% day−1), and C. cirrhosus (0.98 ± 0.002% day−1), respectively. An inverse
relationship was detected between fish growth and stocking density for all treatments. A similar
pattern was observed in the survival rate, where reduced survival rates were recorded at T1 for all
species. Significant variation (p < 0.05) was found among the treatments in terms of final weight,
SGR, and survival rate. Economics of the carp polyculture also showed the highest net benefit
(2609.77 ± 2.02 USD ha−1) and benefit–cost ratio (2.06 ± 0.002) at T3. Rearing of fish at 370 kg ha−1

stocking density yielded 129.21% and 110.96% higher production in T3 than T1 and T2, respectively.
Overall, T3 treatment was more appropriate than T1 and T2 due to its low FCR, low investment
but high survival rate, and net return. Therefore, stocking homestead ponds with advanced carp
fingerling with a density of 370 kg per ha can be suggested as for increasing fish production and
benefit in the homestead ponds of coastal rural area. In addition, further research is recommended to
find out the effects of feeding and sources of seeds on the production performances.

Keywords: carp; optimum stocking density; homestead ponds; family nutrition; income genera-
tion; Bangladesh

1. Introduction

Fish production is greatly influenced by culture management, stocking density
and size. Stocking density affects growth, space utilization, feed consumption, and fish
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health. [1]. A species’ stocking density can be optimized by increasing both productiv-
ity and profitability at various stocking densities. In this instance, larger cost–benefit
ratios and lower feed conversion ratios are taken into account when choosing an appro-
priate stocking density within the framework of the carp polyculture system’s economic
sustainability. [2–4]. Even if there is a negative correlation between growth and stock-
ing density because of the competition for food and space, for example, fish placed
at higher density typically have lower growth [2,5], and production [3,6], researchers
are still working on optimizing the stocking densities of different aquatic species to
maximize their global production. However, complete utilization of space and natural
resources in a production system can improve fish production and profitability [7]. In
contrast, improper stocking can also lead to lower fish production [8]. The economics
of fish culture depend upon stocking density as optimal stocking is more economical
than the minimum and maximum considering the cost–benefit analysis [2,3]. Therefore,
the optimization of stocking density is indispensable for the improvement of culture
technology for fruitful aquaculture in Bangladesh.

In rural Bangladesh, about 4.27 million households (20%) have a small pond close
to their homestead that is used for aquaculture nationwide. This pond covers an area of
266,259 ha [9,10]. These ponds are under-utilized due to traditional fish culture. These
homestead ponds can play an important role in household nutrition and income generation
by fish culture through proper utilization with optimum stocking density and proper
culture management [11]. Pond fish culture in Bangladesh indicates mainly the culture
of carps as well as some exotic fish species and thus the scientific practice of polyculture
is of great importance [12]. The basic principle of carp polyculture is the stocking of
compatible fish species of diverse feeding habits (herbivores, carnivores, omnivores) and
layers (surface, middle, bottom) and cultured together in the same pond to utilize all the
natural resources and spaces properly [13].

Homestead ponds are typically small, seasonal bodies of water that flood during the
rainy season and dry out throughout the summer. [14]. The majority of these temporary
ponds are used for polyculture of fast-growing fishes, primarily Chinese and Indian major
carps, which contribute 3% to 15% of total household income and 25% to 50% of fish
consumption [9,15]. Thousands of homestead ponds covering an area of 1079 ha in Noakhali
district, produce only 1486 MT of fish per year [16]. This suggests that extensive fish culture
is being practiced there without maintaining the proper stocking density, as indicated by
the lower fish production. In addition, these ponds comprise substantial silt, sludge, and
domestic wastes which release organic toxic that reduce the fish growth and increase the
mortality rate during the culture period [17]. In additon, water quality can rapidly turn
down in fishponds due to using the water in personal hygiene, bathing of cattle, washing
dishes, and other utensils, etc. However, the optimal production of fish totally relies upon
the physical, chemical, and biological qualities of water [18], along with the density and
ratio of fishes [19].

Since carp polyculture is one of the most widely used culture techniques in Bangladesh,
it is nearly impossible to achieve the desired results in carp polyculture farming and
justify the cost–benefit ratio without the appropriate knowledge, in particular concerning
stocking density, stocking size and species selection. The carp species, Gibelion catla, Labeo
rohita, Cirrhinus cirrhosus, and Labeo calbasu are frequently used in polyculture systems in
Bangladesh. Although a few experiments have been conducted to optimize the stocking
density of each of these species [19–22], studies’ regarding the stocking density using
the advanced fingerlings for combined rearing of these species has not been conducted
yet in the homestead ponds. Therefore, the goal of this study was to know the growth
performance, yield and benefit–cost using advanced carp fingerling with an aim to inform
further research to optimize (or maximize) income generation (and nutrient availability) in
the coastal area of Bangladesh.
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2. Materials and Methods
2.1. Experimental Design

Experimental design was prepared following the size, depth and physiographic con-
dition of the local homestead ponds. Homestead ponds can be categorized into three
categories, small pond (1–4 decimal), medium pond (5–8 decimal) and large pond (>8 dec-
imal). However, 80% of them are smaller (1–4 decimal) with a depth of 1–2 m. It was
observed that the highest number of ponds (75%) was occupied by the single owner and
the rest (25%) by joint or multiple owners. The ponds are mainly seasonal and used poly-
culture system for their own consumption. This experiment was performed on the growth
performance of advanced carp fingerlings using different stocking density suitable for
homestead ponds between July 2019 and December 2019. Four advanced fingerlings of
carps viz. Catla (G. catla), Rohu (L. rohita), Mrigal (C. cirrhosus), and Kalbasu (L. calbasu)
were used as experimental species and stocked at 825 kg (T1), 560 kg (T2) and 370 kg (T3)
fish seed per ha in nine earthen ponds (Figure 1). To set up the experiment, indigenous
knowledge, local polyculture practice, and climatic conditions of the Noakhlai floodplain
were considered. This design was also chosen mimicking the local homestead ponds so that
local fish farmers could easily follow these culture techniques. All ponds were rectangular
in size (16.1 × 10.8 m) with a maximum depth of 1.5 m. The ponds were individually
supplied with groundwater from an adjacent deep tube-well and completely exposed to
sunlight at an average of 8 h per day. Experimental ponds were prepared according to the
methods described by Chakraborty and Mirza [4]. The mean stocking weight of G. catla,
L. rohita, C. cirrhosus, and L. calbasu was 243 ± 1.87 g, 223.56 ± 2.35 g, 155.89 ± 1.69 g, and
158.72 ± 1.35 g, respectively.
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2.2. Feeding Management

Feeding began immediately after stocking. Supplementary feed was used in all three
treatments and applied twice daily at 8:00 am and 5:00 pm with a mixture of rice bran (25%),
wheat bran (25%), fish meal (25%), and mustard oil cake (25%). The ratio of the ingredients
was calculated using Pearson square method and mentioned in Table 1. Supplementary
feeding was done at the rate of 2% to 6% of fish body weight (6% for the first month, 5% for
the next three months, and 2% for the last two months). The quantity of feed was adjusted
every month according to the total biomass of fish obtained from the sampling as part of
monitoring fish growth.

Table 1. Nutritional composition of used feed in this experiment.

Test Parameter Main Source % of Ingredients

Crude protein (minimum%) Fish meal, rice bran, wheat
bran 24.25

Crude fat (minimum%) Fish meal, mustard oil cake 4.00
Crude fiber (minimum%) Rice bran, wheat bran 11.00
Crude ash (minimum%) Fish meal 14.80
Moisture (maximum%) Water 11.00

2.3. Nutrient Cycle in the Polyculture Ponds

Generally, accumulation of the nutrients in bottom sediments occurs in both organic
and inorganic forms [23]. Sediment can accumulate 100 to 1000 times more nutrients than
water. The resuspension method of sediment can transfer nutrients back into the water
and thus influence the pond limnology [24]. In this study, C. cirrhosus and L. calbasu were
used which helped to transfer nutrients from bottom sediment to the water column via
bioturbation of benthic organic matter [23,24]. In this experiment, nutrients basically enter
into the homestead ponds from the sun and fish feed. Most of the feeds were consumed
by the fish and the rest were deposited in the bottom which eventually resuspended in
phytoplankton and benthic organisms (Figure 2).
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2.4. Water Quality Monitoring

The important physico-chemical parameters of water viz., pH, salinity (psu), dissolved
oxygen (mg/L), and water temperature (◦C) were monitored every seven days interval
between 9.00 to 10.00 a.m. using Hannah Multi-parameters (Model: H198194). Water
transparency (cm) was measured using a Secchi-disc. Nitrates (NO3

−), phosphates (PO4
3−),

and sulphates (SO4
2−) were also documented monthly by with a Spectrophotometer

(Model: UV 1800, Shimadzu Europa) following the method described in APHA [25].

2.5. Survival Rate, Weight Gain and Feed Conversion Ratio

The fishes were sampled at monthly intervals to assess the growth rate of fishes using
a cast net. At least 10% of the stocked fishes were caught for each sampling from each
experimental pond. The survival rate, specific growth rate (SGR), feed conversion ratio
(FCR), and gross yield (GY) were measured at the end of the experiment as:

Survival rate (%) =
Number of fish harvested

Number of fish stocked
× 100 (1)

Weight gain (g) = [Mean final weight (g) - Mean initial weight (g)] (2)

SGR (%/day) =
ln (Final weight) – ln (Initial weight)

Culture period in days
× 100 (3)

FCR =
Feed given (dry weight)

Body weight gain (wet weight)
(4)

GY = [Average final weight × total number of survivors] (5)

2.6. Plankton and Macro-Benthic Invertebrate Enumeration

Water and sediment samples from each pond were collected monthly to estimate quan-
titative and qualitative plankton in the experimental ponds. Details of sample collection
and processing are defined in Sarker et al. [15] and Hossain and Hossain, [17]. The samples
were identified using a Carl Zeiss Axiostar microscope and a stereomicroscope (Leica EZ4E,
Wetzlar, Germany) with 8× to 35× magnification with the help of standard manuals and
published scientific articles [26–35].

2.7. Economics of Carp Culture

An elementary cost–benefit analysis was followed to disclose the economics of carp
polyculture under diverse treatments. At the termination of the experiment, fishes were
harvested and sold to the local market. Cost–benefit analysis of different treatments was
figured based on variable costs (the cost of lime, organic and inorganic fertilizer, fish seed,
and feed), fixed cost (land lease), and the revenue from the sale of fishes. The prices
were expressed in the United States currency (84 BDT = 1 USD). Total income determined
from the market price of the fish sale was expressed as USD ha–1. Prices of inputs and
fish resembled to wholesale market prices in 2019 of Noakhali, Bangladesh. Net return
(R), return on investment (ROI), and cost–benefit ratio (CBR) were reckoned following
Shamsuddin et al. [36] as:

R = I - (FC + VC) (6)

where R refers to net return; I is income from fish sold; FC and VC stand for fixed cost and
variable cost, respectively.

ROI =
NI
TC

× 100 (7)

where NI refers to net income and TC is total cost

BCR =
Total net return
Total input cost

(8)
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when the BCR is > 1.0, the project is anticipated to have a positive net present value; when
it is < 1.0, the project’s expenses outweigh its benefits [36].

2.8. Statistical Analysis

Collected data was subjected to one-way analysis of variance (ANOVA). Significant
difference among the mean values of the treatments in this experiment was tested by using
PAST (Paleontological Statistics; Version 4.03, Palaeontological Association. Oslo, Norway)
software [37]. Other analyses were done by computer software Microsoft Excel 2016.

3. Results
3.1. Water Quality Parameters

Water quality parameters varied slightly across the treatments (Table 2). The mean values
of water pH, salinity, DO, transparency, and temperature ranged from 8.02 ± 0.15 to 8.09 ± 0.13,
0.14 ± 0.02 psu to 0.15 ± 0.04 psu, 5.08 ± 0.26 mg L−1 to 5.2 ± 0.25 mg L−1, 35.74 ± 1.36 cm
to 36.54 ± 1.76 cm, and 26.35 ± 0.63

◦
C to 26.67 ± 0.49

◦
C, respectively, among the treatments.

During the 5-month culture period, the pH of water varied within a range of 7.50−8.28 with
higher values (>8.00) recorded from the middle of November to December (4th to 5th month of
culture). Water temperature along with dissolved oxygen in each pond varied monthly. The
concentration of nitrate varied from 5.51 ± 3.56 mg L−1 to 5.93 ± 3.54 mg L−1 among the
treatments whereas phosphate and sulphate differ from 0.3 ± 0.03 to 0.35 ± 0.07, and 0.14 ± 0.02
to 0.27 ± 0.41, respectively (Table 2). However, no significant differences (p > 0.05) were found in
the mean values of water quality parameters among treatments which denoted no improvement
or decline in water quality due to different stocking in diverse treatments.

Table 2. Summary of water quality parameters, plankton and benthos abundance in different
treatments (mean ± SD; range in parentheses). Figures bearing common letter (a, b) in a row as
superscript do not differ significantly (p < 0.05).

Parameter Unit
Treatments

F p -Value
T1 T2 T3

pH - 8.05 ± 0.09 a

(7.87–8.17)
8.09 ± 0.13 a

(7.75–8.28)
8.02 ± 0.15 a

(7.5–8.21) 2.486 0.089

Salinity psu 0.14 ± 0.03 a

(0.09–0.2)
0.15 ± 0.04 a

(0.07–0.21)
0.14 ± 0.02 a

(0.10–0.18) 2.54 0.08

DO mg L−1 5.08 ± 0.26 a

(4.65–5.61)
5.1 ± 0.23 a

(4.7–5.56)
5.2 ± 0.25 a

(4.68–5.59) 2.031 0.1386

Transparency cm 36.2 ± 1.51 a

(32–38.5)
35.74 ± 1.36 a

(32–37.8)
36.54 ± 1.76 a

(32–38.5) 2.194 0.117

Water
temperature

◦
C

26.35 ± 0.63 a

(25.3–27.3)
26.67 ± 0.49 a

(25.58–27.23)
26.53 ± 0.67 a

(25.38–27.5) 2.334 0.1023

Nitrate mg L−1 5.75 ± 3.39 a

(1.23–8.90)
5.93 ± 3.54 a

(1.25–8.8)
5.51 ± 3.56 a

(0.71–7.95) 0.03 0.97

Phosphate mg L−1 0.3 ± 0.03 a

(0.27–0.36)
0.35 ± 0.07 a

(0.29–0.45)
0.33 ± 0.03 a

(0.29–0.35) 2.16 0.14

Sulphate mg L−1 0.14 ± 0.02 a

(0.12–0.16)
0.27 ± 0.41 a

(0.12–1.35)
0.19 ± 0.1 a

(0.13–0.42) 0.72 0.5

Phytoplankton ×104 cells L−1 24.06 ± 9.61 a

(11.67–39)
46.33 ± 9.69 b

(29.67–57)
26.56 ± 8.72 a, b

(12–34.67)
10.22 0.002

Zooplankton ind. L−1 138.89 ± 20.52 a

(110–173.33)
75.56 ± 23.54 b

(50–110)
94.99 ± 77.72 a, b

(23.33–196.67)
2.70 0.1

Benthos ind. m−2 9316 ± 1570.24 a

(7200–11,500)
8450 ± 1651.36 a

(6900–11,300)
11,500 ± 3454.27 a

(7100–15,700) 2.60 0.11

3.2. Fish Growth Assessment

Of the three treatments assessed, treatment T3 had the highest carp production
than in T1 or T2 (Table 3). In case of G. catla, fish production was maximum in T3
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(846.17 ± 18.32 kg ha−1 5 month−1) which varied significantly (p < 0.05) from T1
(658.16 ± 37.16 kg ha−1 5 month−1) and T2 (791.31 ± 28.56 kg ha−1 5 month−1). In
case of L. rohita, fish production was higher in T3 (805.98 ± 11.16 kg ha−1 5 month−1)
which differ significantly (p < 0.05) from T1 (623.1 ± 32.51 kg ha−1 5 month−1). A
similar trend was noticed in the production of C. cirrhosus and L. calbasu where T3 had
the highest carp production rate (Table 3).

Table 3. Growth and production of carp polyculture under different treatments. Figures bearing
common letter (a, b, c) in a column as superscript do not differ significantly (p <0.05).

Species Treatment No. of
Individual/Hectare

Average Initial
Weight (g)

Average
Final Weight (g) SGR (% day−1)

Fish Production
Kg/Hectare/

5 Month
Survival Rate

(%)

G. catla

T1 1300 242.00 ± 2.65 a 611.33 ± 9.45 a 0.62 ± 0.01 a 658.16 ± 37.16 a 82.78 ± 3.52 a

T2 1000 243.67 ± 1.53 a 920.00 ± 7.00 b 0.89 ± 0.01 b 791.31 ± 28.56 b 86.02 ± 3.49 a

T3 700 243.33 ± 1.53 a 1313.0 ± 3.61 c 1.12 ± 0.01 c 846.17 ± 18.32 c 92.07 ± 1.15 b

F - 0.6 7355 2224 37.14 7.729
P - 0.579 <0.001 <0.001 <0.001 0.022

L. rohita

T1 1300 222.67 ± 2.08 a 589.33 ± 6.03 a 0.65 ± 0.01 a 623.1 ± 32.51 a 81.31 ± 3.61 a

T2 1000 224.67 ± 3.51 a 896.33 ± 8.08 b 0.92 ± 0.01 b 763.22 ± 51.45 b 85.19 ± 6.42 a, b

T3 700 223.33 ± 1.53 a 1252.0 ± 6.24 c 1.15 ± 0.01 c 805.98 ± 11.16 b 91.94 ± 1.21 b

F - 0.4912 9174 1549 21.51 4.677
P - 0.635 <0.001 <0.001 0.002 0.06

C.
cirrhosus

T1 650 156.67 ± 2.89 a 322.00 ± 7.94 a 0.48 ± 0.02 a 167.93 ± 2.8 a 80.25 ± 0.94 a

T2 500 155.33 ± 0.58 a 411.89 ± 3.75 b 0.65 ± 0.004 b 170.5 ± 4.34 a 82.8 ± 2.33 a

T3 350 155.67 ± 1.15 a 675.33 ± 4.51 c 0.98 ± 0.002 c 216.63 ± 1.63 b 91.13 ± 0.78 b

F - 0.433 3087 1889 230.7 42.16
p - 0.667 <0.001 <0.001 <0.001 <0.001

L. calbasu

T1 650 159.00 ± 1.73 a 365.67 ± 5.03 a 0.56 ± 0.01 a 200.91 ± 2.72 a 84.53 ± 0.87 a

T2 500 158.67 ± 1.53 a 443.42 ± 7.42 b 0.69 ± 0.02 b 196.55 ± 18.78 a 88.58 ± 7.23 a, b

T3 350 158.50 ± 1.32 a 808.67 ± 3.51 c 1.09 ± 0.01 c 263.4 ± 2.63 b 93.07 ± 1.25 b

F - 0.08235 5433 1990 34.29 3.003
p - 0.922 <0.001 <0.001 <0.001 0.125

The species-wise growth trend curve under different treatments was shown
in Figure 3. The growth curve showed significant variations (p < 0.05) among the
treatments at 30 days and thereafter. The maximum weight gain was found in G. catla
(1313.0 ± 3.61 g) and then L. rohita (1252.0 ± 6.24 g) in T3 and minimum weight gained
in C. cirrhosus (322.00 ± 7.94 g) in T1. Significant variation (p < 0.05) was found among
the treatments in terms of final weight, SGR, and survival rate (Table 3). The trend
of higher survival rate was found with decreasing stocking density. It was observed
that the survival rates were significantly higher (p < 0.05) in treatment T3 compared to
treatment T1 and T2, which contributed to higher yield. The yield under treatment T3
was 129.21% and 110.96% higher than yield under treatment T1 and T2, respectively.
This study elucidated that the feed conversion ratio (FCR) followed the decreasing
order of T1 (2.81 ± 0.07) > T2 (2.46 ± 0.1) > T3 (1.82 ± 0.05) and significantly differ
(p < 0.05) among the treatments (Figure 4).
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3.3. Plankton Enumeration

A total of twenty-one phytoplankton genera representatives of five classes namely
Chlorophyceae (33%, 7 genera), Bacillariophyceae (24%, 5 genera), Euglenophyceae
(19%, 4 genera), Cyanophyceae (14%, 3 genera), Dinophyceae (10%, 2 genera), and eight
zooplankton genera of Copepoda (50%, 4 genera), Rotifera (37.5%, 3 genera), Bivalvia
(12.5%, 1 genera) were recorded in the experimental ponds. The most frequently oc-
curred phytoplankton genera were Navicula sp., Cocconeis sp., Nitzchia sp., Euglena spp.,
Phacus spp., Strombomonas spp., Tracelomonas spp., Ankyra sp., Asterionella sp., Botry-
ococcus sp., Chlorella spp. and zooplankton were Copepod nauplii, Microcyclops spp.,
Thermocyclops spp., Keratella spp. in the experimental ponds. The average abundance of
phytoplankton and zooplankton were 24.33 ± 9.33 × 104 cells L−1 and 138.89 ± 26.98
ind. L−1 in T1 (825 kg ha−1), 46.33 ± 9.69 × 104 cells L−1 and 75.56 ± 29.35 ind. L−1 in
T2 (560 kg ha−1), 26.56 ± 9.47 × 104 cells L−1 and 95.00 ± 73.74 ind. L−1 in T3 (370 kg
ha−1) in the experimental ponds (Table 2). Significant differences were found among
three different treatments in the abundance phytoplankton (F = 29.26, p = 3.44 × 10−9)
and zooplankton (F = 8.09, p = 0.0009). A significant positive correlation (r = 0.78) was
observed between zooplankton abundance and fish weight gain, but no correlation was
found between phytoplankton abundance and fish weight gain.

3.4. Benthos Enumeration

The nine experimental ponds yielded eight taxa of five classes namely Gastropoda
(41.2%, 4 genera), Clitellata (51.5%, 1 genera), Maxillopoda (4.3%, 1 genera), Malacostraca
(1.1%, 1 genera), and Insecta (1.9%, 1 genera). Abundance and species variety differed from
ponds to ponds at the taxonomic level. The average abundance of benthic invertebrates
ranged from 8450 ± 1651.36 ind. m−2 to 11,500 ± 3454.27 ind. m−2 among the treatments
(Table 2). No significant differences were found among three different treatments in the
abundance of benthic infauna (p > 0.05). Among the eight taxa, Tubifex spp. were dominant
contributing 51.5% of the total abundance with an average of 5955.56 ± 1278.43 ind. m−2,
followed by 28.6% Melanoides spp. (2794.44 ± 1490.55 ind. m−2), 7.1% Filopaludina spp.
(688.89 ± 380.23 ind. m−2), 4.5% Pila spp. (438.89 ± 392.79 ind. m−2), 4.3% Branchiura
spp. (416.67 ± 576.25 ind. m−2), 1.9% Chironomus spp. (183.33 ± 257.25 ind. m−2), 1.1%
Macrobrachium spp. (105.56 ± 105.56 ind. m−2), and 1% Clenchiella spp. (100 ± 76.7 ind. m−2),
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respectively. There was a significant positive correlation (r = 0.8) between benthic infauna
abundance and fish weight gain.

3.5. Economics of the Fish Culture

The detailed economics of the present study was shown in Table 4. During the
study period (150 days), total cost significantly (p < 0.05) varied from 2466.84 ± 6.26
(T3) to 3578.82 ± 15.14 (T1) USD ha−1. Similar trend was followed in terms of total
income, and net income that differed from 3928.82 ± 110.54 (T1) to 5076.61 ± 8.28 (T3)
USD ha−1, and 171.42 ± 95.35 (T1) to 2609.77 ± 2.02 (T3) USD ha−1, respectively. In
case of CBR, the values ranged from 1.05 ± 0.03 in T1 to 2.06 ± 0.002 in T3. Total cost
was found to be the lowest in treatment T3; however, net benefit, ROI, and BCR were
found to be the highest in treatment T3.

Table 4. Economics of carp polyculture at different treatments (USD ha−1 5 month−1). Figures
bearing common letter (a, b, c) in a row as superscript do not differ significantly (p < 0.05).

Parameters
Treatment

F p Value
T1 T2 T3

Variable cost
Lime 71.43 a 71.43 a 71.43 a − −

Fertilizer 47.62 a 47.62 a 47.62 a − −
Fish seed 1505.41 ± 2.79 a 1411.11 ± 4.9 b 977.15 ± 2.43 c 18,500 <0.001

Feed 1954.37 ± 12.4 a 1597.22 ± 9.09 b 1192.07 ± 3.83 c 5221 <0.001
Total variable cost 3578.83 ± 15.19 a 3127.38 ± 13.99 b 2288.27 ± 6.26 c 8290 <0.001

Fixed cost
Land lease 178.57 178.57 178.57 − −
Total cost 3757.4 ± 15.19 a 3305.95 ± 13.99 b 2466.84 ± 6.26 c 8290 <0.001

Return
Selling price (USD/kg) 3.03 ± 0.01 a 3.24 ± 0.01 b 3.34 ± 0.02 c 617.5 <0.001

Total income 3928.82 ± 110.54 a 4575.2 ± 156.41 b 5076.61 ± 8.28 c 81.08 <0.001
Net income 171.42 ± 95.35 a 1269.25 ± 142.42 b 2609.77 ± 2.02 c 456.8 <0.001

Return on investment (%) 4.56 ± 2.52 a 38.38 ± 4.15 b 105.79 ± 0.19 c 1014 <0.001
Benefit—Cost ratio 1.05 ± 0.03 a 1.38 ± 0.04 b 2.06 ± 0.002 c 1014 <0.001

4. Discussion

In this work, we attempted to develop an adaptive culture system for the rural home-
stead pond fish farmers using advanced carp fingerling (150–250 g) with three different
stocking densities because homestead ponds are small, seasonal, and unused for fish cul-
ture. This type of study has rarely been carried out in the rural coastal area of Bangladesh
to be compared with.

Although there was a little variation in the water quality (pH, salinity, DO, trans-
parency, water temperature, NO3

−, PO4
3−, SO4

2−) of different treatments with diversified
stocking densities, the differences were not statistically (p > 0.05) significant during the
same time. The use of the same water sources, periodic water replenishment, and careful
adherence to the required amount of feed could all be contributing factors. However, the
water quality parameters in experimental varied due to the temporal variations [38,39].
The water temperature was recorded highest in October and lowest in December which
supported the findings of Yengkokpam et al. [3]. Again, the observed water quality param-
eters were found to be non-toxic and acceptable for tropical fish culture [40–42]. Apart from
this, the development and metabolic activities of phytoplankton depend on the nutrients
content in water, e.g., nitrate, phosphate, sulphate, etc. Further, no eutrophication was
observed in the experimental ponds during the culture period indicating that the amount of
these nutrients recorded in this study represented good water quality and fertility [43,44].

The overall growth performance of carp is influenced by the environment, culture
method, density of the stock, and quality of the fish seed [45]. A physical assessment was
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done while packing the seeds for this experiment, which were procured from a nearby
hatchery. A negative association between fish growth and increasing stocking densities was
found in this study. A decrease in ultimate fish production resulted from a fall in average
weight gain as a result of increased density. This occurs as a result of a reduction in the
amount of space that is available for individuals, which stresses fish and causes them to
consume more energy. In addition, overstocking density can distress feed uptake as well as
conversion efficiencies in fish [46]. These phenomena were also proven in the experiment
of Chattopadhyay et al. [47]; Mane et al. [19]; Yengkokpam et al. [3] which fully supported
our findings. Nevertheless, some air-breathing catfish, e.g., Clarias gariepinus, Pangasius
bocourtiI, Pangasius sutchi can cope with extremely high stocking density [6,8,48]. However,
the cultured species in this experiment do not have the ability to exploit air oxygen and
adapt to poor water quality. Hence, these species are sensitive to overstocking density
which inversely affects fish growth and feed efficiencies at higher stocking densities [19,49].

The survival rate was higher (>80%) in the majority of the trial because the experimen-
tal ponds were stocked with larger-sized fingerlings (relatively hardy and more disease
resistant) and maintained acceptable water quality (replenished the water routinely). Fish
mortality typically results from an increase in temperature during the midday hours (sum-
mer months), a sudden drop in oxygen levels or a rise in oxygen levels, and an algal bloom.
As is well known, waste materials and uneaten food supplying nutrients can promote
massive plankton blooms, which can be fatal. Once more, the death of plankton reduces
oxygen levels.

The values of SGR were found to be statistically significant (p < 0.05) among the
treatments which also specified that increased density inversely affects the fish growth rate.
Maximum weight gain was seen in this study at lower stocking densities, which may be
related to fewer fishes fighting for food and space. After 150 days of the culture phase in
the current experiment, lower stocking densities showed the highest carp survival rates.
A reduced survival rate, however, was recorded in T1, which clearly clarifies the impact
of feed competition and stocking abundance on the survival percentage. Higher stocking
density of carps indicated reduced SGR and survival, according to Mane et al. [19], Maren-
goni [50], and Sharma and Chakrabarti [51]. The survival percentage of this experiment
was comparatively better than the study conducted by Kohli et al. [52].

Present findings specified that the value of FCR was increased with the increasing
stocking density. Similar phenomena have also been reported by Chattopadhyay et al. [47];
Sharma and Chakrabarti [51]. At an over-concentrated place, fish could not uptake feed
well. This was proved in the case of the average final weight of fish that was significantly
lower in T2 and T1 than T3. This might be due to excessive competition between stocked
fish for food, oxygen, and space which could create stress on fish [53–55]. In stressed fish,
blood glucose as well as plasma-free fatty acid are exploited to produce energy [56,57]. In
addition, glucose and lipid become mobilized from deposited reserves of lipid and glycogen
of the liver [58–61]. Therefore, less energy remains accessible for fish physiological activities
including metabolism for growth [62,63].

The abundance of plankton was recorded during the culture period where we found
Chlorophyceae and Bacillariophyceae as dominating phytoplankton. This present finding
was supported by Iqbal et al. [64]; Kohli et al. [52]; Mane et al. [19]; and Sharma and
Tiwari [51]. In addition, in the case of zooplankton, Copepoda and Rotifera were found
dominating the experimental ponds. Similar results were recorded in the investigation of
Parvez et al. [65]; Haque et al. [66]; Shil et al. [67]. The plankton diversity and qualitative
abundance of the present study specified that the study area was productive and suitable
for carp production [19].

Fish can be classified as herbivores, carnivores, omnivores, and detritivores based on
the type of food they consume [68]. In this experiment, fish of different feeding behavior
were chosen. G. catla is a surface feeder and feed mostly on zooplankton whereas L. rohita
is a column feeder and omnivorous in nature as its food preference varies in different life
stages. Basically, this species feed on zooplankton, but as it grows, it frequently feeds on
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phytoplankton [69]. In contrast, C. cirrhosus and L. calbasu are bottom feeders. Though
C. cirrhosus is detritivores and feeds on dead animals, plants, and even feces that deposited
in the pond bottom, but L. calbasu is herbivore as well as detritivore in nature and feeds
on plants, decaying organic matter, rotifer, diatom and mollusks [69,70]. However, lowest
number of zooplankton and benthos in T2 of the present study indicated that G. catla,
C. cirrhosus and L. calbasu of this treatment consume more natural feed than T1 and T3.
In contrast, the highest amount of phytoplankton in T2 can be explained by the higher
nutrient content in that treatment as the occurrence of phytoplankton relies on nutrients in
water [15].

This study revealed that the total cost was enhanced with the increasing stocking
density. This may occur due to a higher operating cost (mostly for fingerlings and feed
prices). On the other hand, the higher yield was recorded from lower stocking density which
may be attributed to a higher survival rate and growth at lower stocking density [23,24].
Among the three treatments, results of economics analyses showed the highest net benefit
(2788.35 ± 10.26 USD ha−1) was at T3. Rearing of fish at 370 kg ha−1 stocking density at T3,
yielded 129.21% and 110.96% higher production than T1 and T2, respectively. T3 was more
suitable and could be the best model of culturing advanced carp fingerlings to boost up the
income of homestead pond fish farmers than other treatments (T1 and T2) because of its
low FCR (1.82 ± 0.05) and investment (2466.84 ± 6.26 USD ha−1) but high survival rate
(>90%), total income (5076.61 ± 8.28 USD ha−1), net income (2609.77 ± 2.02 USD ha−1),
ROI (105.79 ± 0.19%) and BCR. Low FCR significantly reduces the operating cost as feed is
one of the major costs for fish culture. In addition, the economics of carp culture can also
be determined by fish size, the bigger the fish, the greater the price is [36]. Contrastingly,
the net benefit was reported higher at over stocking density of Pangasius bocourti [48] and
Clarias gariepinus [6]. As the catfishes can tolerate much crowding stress with poor water
quality compared to carps, these can grow in overstocking density.

According to the United Nations Food and Agricultural Organization, the demand
for food would increase by 23% by 2030. By 2030, there will be 30 million tons of fish
consumed worldwide. Aquaculture production must therefore double globally to keep
up with demand. Aquaculture could be a good solution to this issue because it is the
food animal industry sector with the fastest rate of growth and farmed finfish are more
efficient at converting feed than poultry and beef. However, a significant obstacle to its
effectiveness is the establishment of appropriate culture practices depending on local needs
and geographic regions. In Noakhali district (the central coastal region of Bangladesh),
there are thousands of homestead ponds occupying an area of 1079 ha with fish production
of only 1486 MT [16] indicating very lower fish production. It also denotes the practice
of extensive fish culture without maintaining proper stocking density and size. If these
ponds could be utilized using advanced culture techniques, the production would have
been doubled or more than that. In this experiment, we have proposed a modified culture
system which can easily be adopted by the local farmers and industries to enhance the fish
production, income generation and also minimize malnourishment.

Malnutrition of people remarkably hinders the economic and social developmental
process in the coastal rural area of Bangladesh. Fish is an ample source of essential nutrients
which can reduce the malnutrition if can be included in their diets. As major nutrients,
major carps contain protein, fat, carbohydrates, minerals, and vitamins. It is contemplated
as quickly digestible that contains a notable amount of vitamin A and D. The fish Catla,
Rohu, Mrigal and Kalbasu have a comparatively high amount of protein and lipid (protein—
15.32%, lipid—2.34% in Catla, protein—15.56%, lipid—2.56% in Rohu, protein—15.20%,
and lipid—2.67% in Mrigal and protein—15.66%, lipid—2.77% in Kalbasu). These fish
also contain minerals which are crucial for the formation of skin, bones, teeth, and eyes.
In addition, these fishes are highly priced due to their taste and larger size. Therefore,
homestead pond fish farmers can fulfill their dietary nutrient requirements and earn money
culturing these fishes with advanced carp fingerlings.
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5. Conclusions

Homestead ponds can retain water for only 5–6 months and if these ponds are stocked
with fish fry, they do not grow as much as table or market size. To solve this problem, in
this study we established that larger table fish can be produced in coastal homestead ponds
by culturing advanced carp fingerling with suitable stocking density. Considering the SGR,
survival rate, total production, and net benefit of this experiment, it can be concluded that
advanced fingerlings weighing 150−250 g with stocking density of 370 kg ha−1 could be
the best solution for carp polyculture in homestead ponds of coastal areas of Bangladesh.
By adopting this culture system, coastal rural farmers can utilize their unused seasonal
ponds and partially fulfill their protein requirements and can also earn some money.
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