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Abstract This article aims to explore and discuss
silvofishery pond management and aquaculture by
providing space for mangroves in ponds. This study
focuses on the management of ponds for milkfish, crab,
and shrimp cultivation in Tanjung Rejo Village, Percut Sei
Tuan District, Deli Serdang Regency. A field study has
been conducted for 6 months, during which data were
collected from 21 silvofishery ponds wusing a
non-probability convenience sampling method. Data were
analyzed using Partial Least Squares (PLS) with Ordinary
Least Squares (OLS) series analysis. Results show that the
existence of extensive mangroves in ponds leads to good
production in mangrove crab cultivation, which is
supported by the natural shrimp and fish populations that
enter at high tide in ponds, due to the benefits of mangroves
as a habitat for mangrove crabs and brackish water
fisheries. A small amount of mangrove area is concentrated
on milkfish cultivation, which is supported by the addition
of natural fish from outside the pond at high tide. The
average income from silvofishery ponds, in Indonesian
Rupiahs (IDR), is IDR 13,201,243 per ha. From this, it can
be ascertained that the mangrove area is related to the
amount of production in silvofishery ponds: the greater the
use of mangroves in ponds, the more effective the
cultivation and the greater the impact on fishermen’s
incomes. At an alpha level of 10%, all the direct
hypotheses tested have a significant effect.
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1. Introduction

One of the 17 goals of the 2030 agenda for sustainable
development, known as Sustainable Development Goals
(SDGs), deals with life below water, commonly referred to
as preserving marine resources. Life below water is
discussed in the 2030 agenda in SDG Item 14, the target of
which is conserving and managing ocean and marine
resources in a sustainable manner. This goal can be
achieved by providing access to greater scientific
knowledge, developing research capacity, and transferring
marine technology. An article in the Geo-Marine Journal
explained that the SDGs specifically, SDG-14 focus on
sustainable marine and coastal management, and it
recognized the great value of mangrove forests for the
benefit of local communities[1, 2]. As a member of the
United Nations (UN), Indonesia has the ultimate challenge
of successfully implementing the SDGs on marine
resources, meaning that the management of fisheries and
marine resources must apply the principles of being
responsible, competitive, and sustainable [3].

In truth, mangroves provide a potential contribution to
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reducing carbon emissions rivaling that of tropical rain
forests. Mangrove forests play a key role in climate change
mitigation strategies, as their density is four times greater
than that of tropical forests in general[4]. The potential for
carbon storage is also much greater. This suggests that the
coastal ecosystem area, as a habitat for mangrove forests, is
an important area for various perspectives of planning and
management with regard to the use of mangrove forests for
sustainable economic activities.

Mangrove habitats have unique characteristics: they are
able to survive the doubling of seawater as a breeding area
for fisheries such as crabs, fish, various types of mollusks,
and other species[5]. Since 2005, several farming
communities in Tanjung Rejo Village, Percut Sei Tuan
Subdistrict, Deli Serdang Regency, have switched their
pond management system from intensive to silvofishery
ponds. This type of pond management includes providing
space in the pond for mangrove growth as a sustaining
medium for crab cultivation and as a home for shrimp, and
various types of natural fish that enter the pond during high
tide. The purpose of this research is to prove that the
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presence of mangroves in ponds is not a barrier to fishery
production and can even be utilized as a sustainable
economic source in coastal ecosystems.

In this study, 2 direct hypotheses were tested to
determine the factors influencing the level of cultivation
production, namely:

H1: It is suspected that pond area influences the level of
production income in silvofishery ponds.

H2: It is suspected that the presence of mangroves has an
effect on the productivity of silvofishery ponds.

2. Material and Methods

Study Area

The research was conducted over the course of 6 months
(May—December 2019) in Tanjung Rejo Village, in Percut
Sei Tuan District, Deli Serdang Regency, North Sumatra
Province.

100°00'E

101°00E

Map of Research
Location

Tanjung Rejo Village, Deliserdang District,
North Sumatera

N

Skala : 1:2.550.000

0 15 30 60 90 120
[ e E—— G

Legenda

—..——. Province Border

- Tanjung Rejo Village

10000 105°00°E

10000

105°00°E

Figure 1.

Map of research location in Tanjung Rejo Village, Percut Sei Tuan Sub-district, Deli Serdang District, North Sumatra Province, Indonesia
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Figure 2. Sample of mangroves in silvofishery pond

Silvoofishery Model

The ponds were owned by the community, which
implemented the silvofishery business model. A
non-probability convenience sampling method was used
with 21 ponds to obtain milkfish, crab, and shrimp
cultivation samples. Pond data from this study was
obtained by comparing the production resulting from
mangrove cover area (in hectares) and calculating the total
pond production, which consists of cultivated and
non-cultivated products. Cultivated products included
milkfish and mud crab, which were measured in this study
by counting the number of fish and mangrove crabs in the
pond in a single cultivation cycle (6 months). Milkfish
cultivated in 21 ponds were used as sample plot, which
yielded as much as 5,000/fish per hectare of pond area,
with sizes in the range of 2-5 gr/fish. Furthermore, crab
seedlings were introduced into the ponds at a density of 2
crabs/m*—or the equivalent of 200 crabs/hectare of
mangrove coverage in the pond—at sizes measuring =100
gr each. Thus, the number of milkfish introduced was
based on the pond area in the sample pond, and the number
of crabs introduced was based on the mangrove coverage
area in the pond.

Crab harvesting was carried out during every high tide.
The first crab harvest was conducted 3—4 weeks after the
crabs were introduced into the pond. Furthermore, 5 kg (+
50 small crabs) were added every time at the end of the
high-tide period. In the second week of high tide, crabs
were caught using traps. The milkfish cultivation period
was carried out over the course of 6 months, or 24 weeks.

Other products include natural fish and shrimp that are
caught with nets attached to the water gate (inlet/outlet),
which are harvested immediately when the tide has receded;
shrimp and natural fish that had managed to pass through
the net holes, stayed in the pond, and grew to adulthood
were harvested at the end of the cultivation cycle. All
products obtained from the pond were weighed and
subsequently determined as income from the pond business,
as stated in the records of sales summaries based on fish
catch and pond cultivation[6].

The parameters measured in this study were business
income from pond production during a single milkfish
cultivation cycle; sales revenue for each high tide season
from the pond; and fish caught with a net attached to the
pond gate, which functioned as an inlet/outlet of the
pond[6]. Income analysis was conducted on harvests made
during high tide and at the end of the cultivation production

(i.e., at the 6th milkfish harvest month). The results of the
calculation of pond business income were descriptively
analyzed by comparing all production results obtained
during 1 pond production cycle.

Analysis Method

To test the formulated hypothesis, this study used the
data analysis method of Partial Least Squares (PLS). PLS
was first developed by Wold as a general method for
estimating path models using latent variables with multiple
indicators (Irwan and Adam, 2015). Mathematically, the
causal relationship between the constructs in the study can
be stated as follows:
® 1=1281+1
® 2=1.1&1+y1.261 H2.161+(2
o 3-121+C(3

or:

®  <Carbon Production = 1.2 Mangrove Presence + { 1

® Fish Production = 1.1 Pond Presence + 1.2
Mangrove Presence + 2.1 Water Quality + (2

®  +Water Quality = 1.2 Mangrove Presence + { 3

3. Results and Discussion

The characteristics of the ponds in this study are in line
with the size of the ponds and the extent of the mangrove
coverage in the research area, which have no similarities in
terms of numbers and percentages. The number of milkfish
and crab seeds that were introduced into the pond can be
seen in the table 1 (silvofishery pond income), which also
describes the total area of the pond consisting of mangrove
area and total pond area, with their respective area
percentages.

The larger the mangrove area, the more crab seeds were
introduced, and vice versa; additionally, the bigger the
pond area, the more milkfish seeds were added (Appendix
2). The highest production was in pond 17 at 883.8 kg/ha,
while the lowest production was in pond 1 at 379.6 kg/ha.
The largest milkfish aquaculture production occurred in
pond 8, with 55.1% of pond area percentage, and the yield
of 1,620 kg translates into a production rate of 1,067.7
kg/ha; the lowest production of milkfish was in pond 2 at
301.75 kg, which translates into a production rate of 736
kg/ha, with 21.6% of pond area percentage (Appendix 3).

The highest average crab production was found in pond



252

2, with 78.4% of mangrove area percentage in a 1.9 ha
pond, and with a production rate of 142.5 kg/ha; the lowest
production was found in pond 20, with 15.3% of mangrove
area percentage in a 5.1-ha pond, and with a production
rate of 13.2 kg/ha (Appendix 4). Natural shrimp production
consisted of tiger prawns (Penaeus monodon Fabricus),
white shrimp (Penaeus merguensis or Penaeus indicus),
rattan shrimp, known locally as binje shrimp (Korthalsia
echinometra Becc), and other types of shrimp ranging from
large to small/smooth. The highest amount of natural
shrimp production was in pond 4 (291.1 kg), while the
smallest production was in pond 10 (27 kg) during a single
cultivation cycle (Appendix 5). Production of fish derived
from nature consisted of bulan-bulan, siakap, tilapia,
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grouper, and others of various sizes. The highest amount of
natural fish production was in pond 15 (958 kg), while the
lowest amount of natural fish production was in pond 3
(125 kg). The number of natural fish obtained from the
pond depended on the number of fish that entered the pond
at high tide during the cultivation period.

The amount of income generated by silvofishery farmers
comes from 2 types of production: cultivation and
non-cultivation ponds.

According to Table 1, the highest amount of income, in
Indonesian Rupiahs (IDR), was from pond 1, in the amount
of IDR 15,646,728, while the lowest amount of income
was from pond 5, in the amount of IDR 9,986,735, with an
average income of Rp. 13,201,243 per hectare.

Table 1. Silvofishery Pond Income

Percentage Income (IDR)
Respondent PAc;r;;i man(;t; . Cultivation Norll—Cultlvatlon Total : /:;’;rrigagi)
(ha) coz;rage Milkfish | e ?ﬁ:ﬁ; Natural Fish | (PR
0) (IDR) (IDR) (IDR)

Pond 1 243 80.2 5,184,000 27,038,250 2,698,300 3,101,000 38,021,550 15,646,728
Pond 2 1.9 78.4 4,224,500 19,635,900 1,495,000 3,710,000 29,065,400 15,297,579
Pond 1 2.4 77.9 6,496,000 19,273,600 9,604,400 969.000 36,343,000 15,142,917
Pond 17 0.98 26.5 8,456,000 1,567,500 1,308,850 2,364,000 13,696,350 13,975,867
Pond 4 4.1 66.3 18,121,500 23,180,700 12,054,250 3,734,800 57,091,250 13,924,695
Pond 14 1.74 36.8 13,244,000 4,907,400 3,933,200 2,026,000 24,110,600 13,856,667
Pond 7 1.15 48.7 7,392,000 3,145,500 4,125,750 994.000 15,657,250 13,615,000
Pond 11 1.62 40.7 12,075,000 4,445,750 705.000 4,795,000 22,020,750 13,593,056
Pond 18 4.35 21.4 43,260,000 7,022,000 2,780,000 5,492,500 58,554,500 13,460,805
Pond 19 1.36 19.1 11,858,000 2,563,250 871.350 2,980,000 18,272,600 13,435,735
Pond 21 3.87 14.2 34,468,000 3,957,750 1,809,250 10,717,000 50,952,000 13,165,891
Pond 13 2.19 374 16,638,600 3,348,050 5,950,050 2,872,000 28,808,700 13,154,658
Pond 8 7.22 44.9 53,694,000 24,143,800 8,073,500 8,034,600 93,945,900 13,011,898
Pond 20 5.1 15.3 48,585,000 4,093,500 2,280,800 8,915,000 63,874,300 12,524,373
Pond 9 4.72 447 32,474,000 17,167,500 3,827,900 5,326,000 58,795,400 12,456,653
Pond 10 8.4 43.1 60,694,000 29,666,000 10,670,550 3,249,000 104,279,550 12,414,232
Pond 16 2.11 28.0 18,221,000 4,693,250 666.000 2,564,000 26,144,250 12,390,640
Pond 15 12.4 28.2 114,590,000 17,624,500 5,860,500 11,568,000 | 149,643,000 12,067,984
Pond 6 6.1 52.8 38,748,000 22,093,000 5,647,250 7,106,500 73,594,750 12,064,713
Pond 12 8.51 40.1 63,535,000 22,694,750 6,624,600 9,600,000 102,454,350 12,039,289
Pond 5 4.64 65.7 17,602,000 23,633,700 2,208,250 2,894,500 46,338,450 9,986,735

Mean 13,201,243
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Table 2. Regression Weight Structural Equational Model

. Original Sample . L. Alpha o
No. Hypothesis Sample Mean SD t statistics p values 59 Alpha 10%
Pond »>
1 Production 0.964 0.964 0.065 14.487 0 Sig Sig
Income
Mangrove 2>
2 Income 0.210 0.167 0.125 1.678 0.094 Not Sig Sig
Production
F2=0.327<0.350
F2=0.327>0.1.50 -
Mangrove B Production

between 2 cut off v

Figure 3. F? Effect of pond area on production levels

Table 2 shows the statistical 7-values and p-values of
causality from the results of structural equation model
(SEM) processing using Smart PLS.

Based on the findings of the field data processing, the
estimated parameter values for testing the effect of pond
area on production and income levels show a statistical ¢
value of 14.487, with a probability value of 0.0045 (Table
2). The two values meet the requirements for acceptance of
the hypothesis—namely, the ¢ statistical value being
greater than 1.960 and the probability being smaller than
0.05. Thus, it can be stated that the level of production and
the income of the silvofishery ponds in the study area was
strongly influenced by the size of the ponds, with their
different pond areas and mangrove coverages. The
magnitude of the pond influence coefficient on the level of
pond production is 0.964, which means that every one-unit
increase of pond area with mangroves will increase fishery
production, both cultivated and non-cultivated, by 96.4%.

When viewed through the effect size (F?), this result is in
line with the magnitude coefficient of the influence of
pond’s existence on production income. The results of the
F? square effect of the existence of ponds on increased
production and farmers’ ponds in Tanjung Rejo Village are
14.487. The F* value is still greater than 0.35, so it can be
said that the effect of the pond’s existence on increased
production is quite significant.

In this context, the area of the pond with mangroves
growing in it greatly affects the level of the fisherman’s
pond production income. Based on the results of the direct
hypothesis test, the effect of ponds on production, the
magnitude coefficient of the influence of the ponds on
production, and the effect size of F* and R? in the R square
test shows a positive and significant effect of the existence
of ponds on production levels, both for non-cultivated and

cultivated products. The results of this study are in line
with a study conducted by [7], which stated that the
concept of a silvofishery is to provide land for mangroves
to grow in the pond. If the aquaculture production in a pond
is increased, the area of the pond must also be larger in
order to cultivate fish as well as to provide a place for the
growth of mangrove forests, because mangroves that grow
well in large ponds will enable effective production of
cultivated and non-cultivated fish.

Data from the current study show that the highest
aquaculture production was in pond 15, with a yield of
8,904 .4 kg (milkfish and crab production), while the lowest
was in pond 2 (514.1 kg). The highest non-cultivation
production yield (Appendix 2) was in pond 15 (1,096.2 kg),
and the lowest was in pond 7 (196.6 kg). Furthermore,
Table 2 shows that the highest amount of income from
cultivated and non-cultivated products was generated by
pond 15, amounting to IDR 149,643,000, while the lowest
income from cultivated and non-cultivated products was by
pond 17 (IDR 13,696,350), based on the highest and lowest
number of managed silvofishery ponds. Given that the
largest pond was pond 15 (12.4 ha) and the smallest pond
was pond 17 (0.98 ha), this proves that the pond
management area affects the amount of production and the
income from the pond. These data also prove that the
higher the number of ponds managed by farmers, the
greater the yield. The results of this study are in accordance
with, who concluded that the F-count of the pond area was
51,742 with a significance level of 0.000, which is
statistically significant (p <0.01) for each production result
and income for different pond areas. This means that the
pond area has a very significant effect on tiger prawn
production, which in turn is in line with the income derived
from the pond [8]. The study also reinforces the suggestion
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that the land area variable has a significant effect on the
production of fish in Tugu District, Semarang City[1].
Pond land area is the dominant factor affecting fish pond
production (apart from labor). Furthermore, as confirmed
by previous research[9], land area had a positive and
significant effect on the income of milkfish fishermen in
Saleko Village and on the scale of the pond management
business.

The result of calculating the average income of
silvofishery pond fishermen per hectare in Table 8 shows
IDR 13,201,243/ha/cycle; therefore it can be deduced that
the average income derived from 1 ha is IDR 2,200,207 per
month. The classification by BPS (2016 b) differentiates
household income into 4 groups: (1) extremely high
income group (>IDR 6,000,000 per month), (2) high
income group (IDR 4,000,000—6,000,000 per month), (3)
medium income group (IDR 2,000,000—4,000,000 per
month), and (4) low income group (<IDR 2,000,000 per
month).

The effect of the presence of mangroves on the
production and income of silvofishery farmers shows a
statistical ¢ value of 1.678 and a probability value of 0.094
(Appendix 8). The two values do not meet the requirements
for the acceptance of the hypothesis, with a statistical ¢

value smaller than 1.960 and a probability greater than 0.05.

Thus, it can be stated that despite the presence of
mangroves having an impact on increased fish production,
the results from the 21 pond samples in Tanjung Rejo
Village are still not significant at 5%. One of the reasons
for this is that the average mangrove coverage area of the
ponds in Tanjung Rejo was still relatively small—with
most below 50%—and no uniformity in terms of plant
species and total area. Silvofishery ponds with mangrove
coverage of above 50% only made up 28% of the lot; of the
other 72%, some even had less than 20% coverage, such
with 19.1% of mangrove coverage, pond 20 with 15.3% of
coverage as pond 2, and pond 21, with 14.2% of coverage
(compared to the total pond area). Given the relatively
small amount of mangrove cover, it is only natural that the
impact on fish production is also relatively small.
However, when viewed from the perspective of effect
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size (F?), the results slightly differ from the magnitude
coefficient of the effect of mangrove presence on
production income. The results of the F? effect of the
presence of mangroves on the increase in production and
the income of pond farmers in Tanjung Rejo is 0.327. The
cut off value of F? in a multivariate regression equation is
0.35 for the strong effect category, 0.15 for the moderate
effect category, and 0.02 for the weak effect category.
Since the F? coefficient of the effect of mangrove presence
is 0.327—between strong and sufficient—we can say that
the effect size is quite strong.

Milkfish and crab aquaculture productions were
deliberately maintained, the former to obtain yields at the
end of the cycle, and the latter to obtain yields during
regular harvests at high tide. The results obtained by
fishermen (see Table 2) are as follows. The highest
milkfish producer was pond 15, with a yield of 8,683 kg.
This is comparable to the management of an 8.9-ha pond.
However, the highest production rate based on pond area
(see Table 3) was pond 8, with a total milkfish yield of
1,067.7 kg/ha over 3.98 ha (55.1%), and the lowest
production rate was pond 2, at 736 kg/ha over 0.41 ha
(21.6%). Furthermore, in comparisons of the crab yields
(see Table 4), the largest crab producer was pond 6 (295.5
kg), but for production based on the hectares of mangrove
coverage grown in the pond, the highest rate was in pond 2
(142.5 kg/ha), while the lowest production rate was in pond
20 (59.1 kg/ha).

Milkfish harvest in pond 8 yielded 4,249.5 kg, with a
size of 34 fish/kg, resulting in a milkfish quantity of
+12,748-16,996 fish. Since the number of fish seeds
introduced to pond 8 was 19,900, the success rate was £64—
85%. In contrast, milkfish harvest in pond 2 was 301.75 kg
with a yield of + 905-1207 fish, with the number of seeds
introduced at 2,050, giving a survival rate was +44—-59%,
lower than that of pond 8. The sales price of milkfish in the
study area averaged around IDR 14,000/kg, with a
production size of 3—4 fish per kg. The uniformity of
market prices supports an income obtained from milkfish
cultivation based on the pond production.

F2=0.327<0.350

Mangrove

L A

F2=0.327>0.1.50

A Production
/>

)
between 2 cut off

Figure 4. F? Effect of mangroves on production level



Universal Journal of Agricultural Research 10(3): 249-265, 2022 255

The source of income and the pond cultivation
production can be comparative measures, because in this
study the compositions of fish and crab seedlings
introduced into the ponds were based on the size of the
pond (for milkfish) and the extent of mangrove coverage
for mud crab seeds). Based on the percentage of mangrove
coverage, the highest amount of production occurred
mostly in the ponds with the largest mangrove coverage
(Appendix 4). This indicates that the presence of
mangroves growing in silvofishery ponds is a high
contributor to income from crab farming. This suggests
that mangroves play a role in mud crab cultivation, as also
shown by a study by [10], which found that mud crabs live
and are widely distributed in marshy mangrove forests,
where the mud contains a lot of litter and organic material
from mangrove leaves and rotting mangrove plants. These
produce food for the Gastropod group (Ellobiodae and
Potomididae), which in turn becomes natural food for mud
crabs [11].

Large mangrove coverage in the ponds supports the
development of crabs. Table 3 contains data on the 10
highest-ranking ponds capable of crab production. There
are 9 ponds overall, most of which had high mangrove
coverage. According to research by [12], mud crabs tend to
forage more in dense mangrove areas. Furthermore, a study

by [13] found a correlation between mangrove density and
mud crab abundance, with an equation of y = 43.521 +
0.2061, meaning that every single-unit increase in
mangrove density increases the abundance of mangrove
crabs by 0.2061. This shows that in addition to mangrove
species, plant density is a supporting factor of the
development of crabs.

In a review of mud crab ponds’ management based on
the number of crab seeds introduced, the crab production in
pond 2 was 212.3 kg with 99.8 kg of crab seeds introduced,
demonstrating an increase in yield of >100% of their
weight; in contrast, for pond 21, the amount of crab yield
was 59.1 kg with 81 kg of seeds introduced. Therefore, it
can be interpreted that pond 21 faced a high mortality rate
and/or slow rearing of crabs. In terms of income from crab
production, after calculations based on the area of
mangroves in each pond (see Table 7), the highest income
was from the pond 2, at IDR 13,865,769/ha, while the
lowest income was from pond 13, at IDR 4,082,987/ha.
These incomes are determined by the sales price of crabs,
which depends not only on the weight of produce but also
on the condition of the crabs when they are sold to the
market. The price category for crabs in Tanjung Rejo
Village can be seen in the table 4.

Table 3. Top 10 crab production rankings

No. Respondent Percentage of mangroves (%) Mangroves Area (ha) Average production (kg/ha)
1 Pond 2 78.42 1.49 142.5
2 Pond 3 77.92 1.87 121.8
3 Pond 1 80.25 1.95 119.8
4 Pond 19 19.12 0.26 116.2
5 Pond 4 66.34 2.72 94
6 Pond 6 52.79 322 91.8
7 Pond 5 65.73 3.05 86
8 Pond 7 48.7 0.56 83.6
9 Pond 14 36.78 0.64 823
10 Pond 10 43.1 3.62 78.7

Table 4. Range of Crab Prices Based on Size

NO Size code Description Price range (IDR/Kg)
1 AS 500-100 g IDR 150,000-280,000
2 AA 300400 g IDR 100,000-130,000
3 A/AL 220-250 g IDR 75,000-100,000
4 AC1 >250 g (female laying eggs) IDR 65,000-80,000
5 AC2 200 g (female laying eggs) IDR 60,000-75,000
6 CLT 150-200 g (female laying eggs) IDR 45,000-60,000
7 B 150-200 g IDR 40,000-55,000
8 CK 100-150 g IDR 25,000-35,000
9 BS Soft or deformed IDR 45,000-55,000
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As seen in Table 4, the income from mud crab
production depends on the quality of the produce: the better
the quality, the higher the farmer’s income will be. As such,
the feasibility of production is particularly good with a
large percentage of mangrove area—as shown by pond 2,
pond 3, and pond 4, which have large percentages of
mangroves in the pond at 78.42%, 77.92%, and 80%,
respectively. Crab production was also high among the 21
ponds studied (Table 1). The high percentage of mangroves
contributing to the success of crab cultivation is reinforced
by a study by [14], which showed a significant correlation
between the area of mangroves with mangrove crab

Silvofishery: In What Mangrove Coverage Condition Can this System Provide Benefits for the Community?

production and fishery cultivation, wherein the larger the
mangrove area, the higher the amount of cultivated crab
production; this means that the better the silvofishery
pond’s mangrove quality, the higher the level of cultivated
fish production in that pond. This is in accordance with the
statement by [15] that the growing mangrove vegetation
has various benefits, including providing nutrients and
natural food to media for non-cultivated ponds.
Furthermore, according to a study by [16], crab cultivation
is more profitable than fish cultivation in silvofishery
ponds with a high percentage of mangrove coverage.

Map of Pond Layout based on Shrimp and Fish Production
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Figure 5. The existence of ponds is based on mangrove conditions



Universal Journal of Agricultural Research 10(3): 249-265, 2022

The highest natural shrimp production was in pond 4,
with a yield of 291.1 kg, while the lowest natural shrimp
production was in pond 11, with a yield of 27 kg (Table 2).
Natural fish production was most abundant in pond 15,
with a yield of 958 kg, while the lowest was in pond 3
(Table 2). This difference in production rates is related to
the presence of mangroves inside and outside the pond:
pond 4 was able to accommodate shrimp due to its large
mangrove area (4.1 ha) and its position between inactive
ponds, resulting in less competition for attracting natural
shrimps carried by water from the eddy and in denser
mangrove coverage (66%), which encourages natural
shrimp to enter the pond and reproduce. The position of
each pond can be seen in Figure 5. Figure 5 also shows the
potential number of natural fish that can be accommodated
by pond 15 due to its position directly opposite a large
natural mangrove forest, with great potentials during high
tide. The flow of water from the eddy carries a large
number of natural shrimp; moreover, pond 15 was not
directly adjacent to other active ponds and was wider than
ponds 20, 21, and 12 (which were the second-, third-, and
fourth-largest natural fish producers, respectively).

The results of this study are in line with a study
conducted by [17], which found that mangroves have a
positive correlation with non-cultivated resources: the
more mangroves there are around the ponds, the higher
their contribution to the production of non-cultivated fish.
This is because larger mangrove areas provide more
nutrients and food for shrimp and fish.

The condition of the mangrove forests around the ponds
can affect the volume of natural fish entering the current
during high tide[17]: the wider the mangroves in the pond,
the greater the chances of production from non-cultivated
fish and shrimp. This means that the production results in
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silvofishery ponds are higher, automatically increasing the
subsequent income [6]. The results of this study are in line
with a study conducted by [18], which showed that
plankton is more abundant in ponds with larger mangrove
coverage. More phytoplankton leads to more organisms
performing photosynthesis; therefore, more oxygen is
produced, and the source of food for aquatic biota increases.
Furthermore, others confirmed[19] that the mangroves in
and around silvofishery ponds serve as a support that binds
the soil sediment and strengthens the soil elements, so
when the current moves in from the sea or when the tide
comes in, the sediment is not easily disturbed, and the land
is protected from erosion and abrasion. Thus, the presence
of mangroves in the ponds enables an increased production
of the ponds while maintaining their infrastructure,
resulting in a significant financial impact on the
aquaculture business[20].

Hypothesis Test

The following section (fig. 6) explains the hypothesis
test.

According to the picture above, the influence of each
variable—namely, ponds, mangrove vegetation, and water
quality—on the level of production and the effect of
mangrove vegetation on the amount of carbon absorbed is
significant, because they have ¢ statistical values > 1.960 at
a significant level of 5% and 1.650 at the 10% significance
level.

As demonstrated in the table 5, of the 2 hypotheses, it
can be seen that only 1 is not statistically significant at the
5% level (i.e., the influence of the presence of mangroves
on production levels). However, at an alpha level of 10%,
all the tested hypotheses have a significant effect.

Current (ha) «19.582

18.317+ Milkfish (Kg)

Mangrove (ha) <2.931

14.870

2.9944 Nature Fish (Kg)

2.051% Crab (Kg)

2.673% Nature Shrimp (Kg)

Figure 6. Hypothesis test

Table 5. The results of hypothesis testing and the magnitude of the coefficient on each hypothesis

. Original Sample . Alpha Alpha
No Hypothesis Sample Mean SD t statistic p values 59 10%
1 Pond - Production Income 0.964 0.964 0.065 14.487 0 Sig Sig
2 Mangroves > Production 0210 0.167 0.125 1.678 0.094 Not Sig Sig
Income
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21%

Pond —> Mangroves —>
Production Production
Income Income

Figure 7. The level of influence between variables

Figure 7 shows the strength of the influence between
variables on each of the tested hypotheses. The biggest
influence on the increase in production is the size of the
pond, which is 96%, and the influence of the presence of
mangroves is 21%. This means that the presence of
mangroves in the pond can increase pond production.

4. Conclusions

The effect of pond area on the level of production and on
income shows a statistical ¢ value of 14.487 and a
probability value of 0.0045. Both values meet the
requirements for acceptance of the hypothesis (i.e., a
statistical ¢ value greater than 1.960 and a probability
smaller than 0.05). This means that the pond is strongly
influenced by the ratio between water surface and
mangrove coverage. Furthermore, the effect of the
presence of mangroves on production and on income from
silvofishery shows a statistical ¢ value of 1.678 and a
probability value of 0.094. Both values failed to meet the
requirements for acceptance of the hypothesis, because the
t statistical value is smaller than 1.960 and the probability
is greater than 0.05. The existence of mangroves has an

impact on fish production, but this effect is still
insignificant at the 5% level—although it is significant at
the 10% level. One of the causes of this discrepancy is that
the average mangrove coverage in the ponds in Tanjung
Rejo is still relatively low, with most ponds having less
than 50% mangrove coverage and lacking a diversity of
plant species in the pond, which can act as a determining
factor for the pond production rate.
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Appendix
Appendix 1
Table of Fish and Crab Seeds in the Research Ponds
No. Respondent Arl;:n((l]l N l\izgtg:;s W;ter Percentage ‘(])f Percenta(:ge of -Number of seeds
pond (ha) | mangroves (%) pond (%) Milkfish Crab (kg)
1 Pond 1 243 1.95 0.48 80.2 19.8 2,400 109
2 Pond 2 1.9 1.49 0.41 78.4 21.6 2,050 99.8
3 Pond 3 2.4 1.87 0.53 77.9 22.1 2,650 107.4
Pond 4 4.1 2.72 1.38 66.3 33.7 6,900 124.4
5 Pond 5 4.64 3.05 1.59 65.7 343 7,950 131
6 Pond 6 6.1 3.22 2.88 52.8 472 14,400 134.4
7 Pond 7 1.15 0.56 0.59 48.7 513 2,950 81.2
8 Pond 8 722 3.24 3.98 44.9 55.1 19,900 134.8
9 Pond 9 4.72 2.11 2.61 44.7 55.3 13,050 112.2
10 Pond 10 8.4 3.62 4.78 43.1 56.9 23,900 142.4
11 Pond 11 1.62 0.66 0.96 40.7 59.3 4,800 83.2
12 Pond 12 8.51 3.41 5.1 40.1 59.9 25,500 138.2
13 Pond 13 2.19 0.82 1.37 37.4 62.6 6,850 86.4
14 Pond 14 1.74 0.64 1.1 36.8 63.2 5,500 82.8
15 Pond 15 12.4 35 8.9 28.2 71.8 44,500 140
16 Pond 16 2.11 0.59 1.52 28.0 72.0 7,600 81.8
17 Pond 17 0.98 0.26 0.72 26.5 73.5 3,600 75.2
18 Pond 18 435 0.93 3.42 21.4 78.6 17,100 88.6
19 Pond 19 1.36 0.26 1.1 19.1 80.9 5,500 75.2
20 Pond 20 5.1 0.78 432 15.3 84.7 21,600 85.6
21 Pond 21 3.87 0.55 3.32 14.2 85.8 16,600 81
Amount 262,700 2,391.2
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Appendix 2
Table of Silvofishery Pond Production
Production

No. Respondent Pon((li1 2i&)rea Cultivation Non Cultivation Amount Av;::ge

Milkfish (kg) | Crab (kg) Natur?ligs)hrimp g:l:u(f;l) hectare
1 Pond 17 0.98 604.0 16.0 752 171.0 866.2 883.8
2 Pond 18 435 3,090.0 70.0 129.3 460.5 3749.7 862.0
3 Pond 21 3.87 2,462.0 38.6 58.4 765.5 33245 859.0
4 Pond 19 1.36 847.0 30.2 335 246.0 1156.7 850.5
5 Pond 15 12.4 8,683.0 221.4 138.2 958.0 10000.6 806.5
6 Pond 20 5.1 3,239.0 46.1 90.9 729.5 4105.5 805.0
7 Pond 13 2.19 1,229.3 51.0 235.5 208.0 1723.8 787.1
8 Pond 11 1.62 805.0 429 27.0 397.0 1271.9 785.1
9 Pond 16 2.11 1,301.5 40.8 29.6 256.0 1627.8 771.5
10 Pond 8 7.22 4,249.5 2414 158.0 707.8 5356.7 741.9
11 Pond 14 1.74 946.0 52.7 96.6 166.0 1261.3 724.9
12 Pond 12 8.51 4,733.0 246.7 190.5 720.0 5890.1 692.1
13 Pond 7 1.15 528.0 46.8 69.6 127.0 771.4 670.7
14 Pond 6 6.1 2,887.0 295.5 115.0 760.0 4057.5 665.2
15 Pond 10 8.4 4,612.0 284.7 279.6 361.0 5537.3 659.2
16 Pond 9 4.72 2,357.0 157.7 182.2 414.0 3110.9 659.1
17 Pond 4 4.1 1,337.7 255.7 291.1 294.6 2179.1 531.5
18 Pond 2 1.9 301.8 212.3 65.4 265.0 844.5 444.4
19 Pond 5 4.64 1,354.0 262.2 85.0 257.5 1958.7 422.1
20 Pond 3 2.4 464.0 2279 97.7 125.0 914.5 381.0
21 Pond 1 243 390.0 233.6 77.4 221.5 9225 379.6
Mean 684.9
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Appendix 3
Table of Milkfish Production based on the Number of Harvests per Hectare of Pond
No. Respondent Pond Area (ha) Percentage of Milkfish Production (kg) Average per

pond (%) hectare

1 Pond 8 3.98 55.1 4249.5 1,067.7
2 Pond 6 2.88 47.2 2887 1,002.4
3 Pond 15 8.9 71.8 8683 975.6
4 Pond 4 1.38 33.7 1337.7 969.3
5 Pond 10 4.78 56.9 4612 964.9
6 Pond 12 5.1 59.9 4733 928.0
7 Pond 18 3.42 78.6 3090 903.5
8 Pond 9 2.61 55.3 2357 903.1
9 Pond 13 1.37 62.6 1229.3 897.3
10 Pond 7 0.59 51.3 528 894.9
11 Pond 3 0.53 22.1 464 875.5
12 Pond 14 1.1 63.2 946 860.0
13 Pond 16 1.52 72.0 1301.5 856.3
14 Pond 5 1.59 343 1354 851.6
15 Pond 17 0.72 73.5 604 838.9
16 Pond 11 0.96 59.3 805 838.5
17 Pond 8 0.48 19.8 390 812.5
18 Pond 19 1.1 80.9 847 770.0
19 Pond 20 432 84.7 3239 749.8
20 Pond 21 3.32 85.8 2462 741.6
21 Pond 2 0.41 21.6 301.75 736.0
Mean 878.0
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Appendix 4
Table of Crab Production Based on the Amount Harvested per Hectare of Mangrove Area
Pond Mangroves Area Percentage of Crab Production Average per

No. Respondent ?}f:;l (ha) mangroves (%) (kg) hectare
1 Pond 2 1.9 1.49 78.4 2123 142.5
2 Pond 3 2.4 1.87 77.9 227.85 121.8
3 Pond 1 2.43 1.95 80.2 233.55 119.8
Pond 19 1.36 0.26 19.1 30.2 116.2
5 Pond 4 4.1 2.72 66.3 255.73 94.0
6 Pond 6 6.1 322 52.8 295.5 91.8
7 Pond 5 4.64 3.05 65.7 262.2 86.0
8 Pond 7 1.15 0.56 48.7 46.8 83.6
9 Pond 14 1.74 0.64 36.8 52.65 82.3
10 Pond 10 8.4 3.62 43.1 284.74 78.7
11 Pond 18 435 0.93 214 69.95 75.2
12 Pond 9 1.36 2.11 44.7 157.7 74.7
13 Pond 8 722 3.24 44.9 241,355 74.5
14 Pond 12 8.51 3.41 40.1 246.65 72.3
15 Pond 21 3.87 0.55 14.2 38.55 70.1
16 Pond 16 2.11 0.59 28.0 40.75 69.1
17 Pond 11 1.62 0.66 40.7 42.85 64.9
18 Pond 15 12.4 35 28.2 221.35 63.2
19 Pond 13 2.19 0.82 37.4 50.95 62.1
20 Pond 17 0.98 0.26 26.5 16 61.5
21 Pond 20 5.1 0.78 15.3 46.1 59.1
Mean 84.0
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Appendix 5
Table of Natural Shrimp Production during a Single Cultivation Cycle

No. Respondent Pond Area (ha) Total production (kg)
1 Pond 4 4.1 291.1
2 Pond 10 8.4 279.6
3 Pond 13 2.19 235.5
4 Pond 12 8.51 190.5
5 Pond 9 4.72 182.2
6 Pond 8 7.22 158.0
7 Pond 15 12.4 138.2
8 Pond 18 435 129.3
9 Pond 6 6.1 115.0
10 Pond 3 24 97.7
11 Pond 14 1.74 96.6
12 Pond 20 5.1 90.9
13 Pond 5 4.64 85.0
14 Pond 1 243 77.4
15 Pond 17 0.98 752
16 Pond 7 1.15 69.6
17 Pond 2 1.9 65.4
18 Pond 21 3.87 58.4
19 Pond 19 1.36 335
20 Pond 16 2.11 29.6
21 Pond 10 1.62 27.0
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Appendix 6
Table of Natural Shrimp Production during a Single Cultivation Cycle
No. Respondent Pond Area (ha) Total (kg)
1 Pond 15 12.4 958
2 Pond 21 3.87 765.5
3 Pond 6 6.1 760
4 Pond 20 5.1 729.5
5 Pond 12 8.51 720
6 Pond 8 7.22 707.8
7 Pond 18 435 460.5
8 Pond 9 4.72 414
9 Pond 11 1.62 397
10 Pond 10 8.4 361
11 Pond 4 4.1 294.55
12 Pond 2 1.9 265
13 Pond 5 4.64 257.5
14 Pond 16 2.11 256
15 Pond 19 1.36 246
16 Pond 1 243 221.5
17 Pond 13 2.19 208
18 Pond 17 0.98 171
19 Pond 14 1.74 166
20 Pond 7 1.15 127
21 Pond 3 24 125
Sebagai Habitat Untuk Organisme Laut, JURNAL
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