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Silvoaquaculture: Between Fish Production And 
Mangrove Conservation 

 
Muarif, Yudi Wahyudin, Dewi Merdekawati, Mulyana, Fia Sri Mumpuni  

 
Abstract: Silvoaquaculture is brackish water fishponds combined by mangrove cultivation and it’s the best approach for mangrove conservation. 
Purpose of this study, to determine production performance, economic value, and ecology of mangroves in silvoaquaculture ponds and how to develop 
it.  The study areas are located in Indramayu district, Indonesia. Mangrove ecological data were obtained using a quadratic survey method, and data of 
fish production and economic value collected by questionnaires. Data analysis uses a statistical test and descriptive (qualitative) approach. There are 
three type of silvoaquaculture pond i.e Empang Parit, Komplangan, and Kao-kao. Fishery production in silvoaquaculture ponds includes milkfish and 
shrimp production.  Mangroves in silvoaquaculture ponds will provide good support for fish and daily shrimp production in ponds. Total production of 
milkfish reached 1688.89 (kg/Ha/year) and daily shrimp 505 (kg/Ha/year) with economic value of 44,938,571 (IDR/Ha/year). Good ecological mangrove 
seen in Empang parit and Komplangan Pond. Kao-kao pond produce high milkfish and daily shrimp, but bad for status ecological mangrove. Mangrove 
support for fish business and production in silvoaquaculture ponds includes safe pond from the wind, tide, wave, and treatment of water quality from 
pollutants, additional feed from plankton, and supply nutrients to pond. Each type of silvoaquaculture pond has different advantages and disadvantages 
and it’s considered to development of silvoaquaculture pond. 
 
Index Terms: - coastal, ecology, economic, mangroves, milkfish, nutrient, pond.   

——————————      —————————— 

1 INTRODUCTION                                                                     

RACKISH water aquaculture  has become a productive 
economic activity and an important livelihood of coastal people 
in Indonesia [1]. The people (fish farmers) in the coastal area 
have developed traditional brackish water ponds (such as 
ponds for milkfish cultivation) for a long time and the existence 
of these ponds has covered most of Indonesia's coastal areas. 
KKP (2018) reported that milkfish as dominant production from 
brackish water pond in Indonesia [2]. FAO’s data (2018) states 
that Indonesia was a major producer of finfish (dominant 
milkfish) with production about 864,100 tons [3].  Brackish 
water ponds have provided high economic benefits for coastal 
people so this activity must be sustainable. During its 
development, construction of brackish water ponds has 
negative impact to the coastal environment [4], especially 
degradation of mangrove ecosystems.  Fish culture such as 
milkfish culture in coastal area has converted mangroves into 
ponds [5][6], and then it resulted degradation of mangrove 
habitat. About 40% of mangrove habitat in Indonesia was 
estimated to have be damaged [7]. Mangrove damage must 
be prevented, because mangroves have many important 
ecological functions, such as spawning ground, nursery 
ground, feeding ground for aquatic and terrestrial biota, and 
that cannot be taken over with even modern technology. 
Mangrove ecosystems also have others  important functions 
such as protecting beaches, preventing erosion, and 
maintaining climate change, marine resources [5] and 
productive and sustainable fisheries [8]. Loss of mangroves 
would have a wide-spread impact, including this would affect 
the productivity of offshore waters

 
[9]. Degraded mangrove 

forest is strongly suspected as a cause of the decline of pond 
productivity in Indonesia[10]. So, development of brackish 
water ponds has reduced mangrove habitat and it must be 
evaluated to find the best solution for its use in the future. 
Mangrove rehabilitation is not simple, it is expensive, and it 
requires a long maintenance time, so the best approach is 
rehabilitation that involves people and provides economic 
value to coastal people. Silvoaquaculture is an approach 
integrated cultivation mangrove in fish pond, and this is the 
form of integration conservation and aquaculture. One of the 
real forms of silvoaquaculture is the development of milkfish 
cultivation combined with planting mangroves in brackish water 
ponds. The integration between mangrove conservation and 
ponds in the form of silvoaquaculture [11] is a mutually 
beneficial solution between mangrove conservation and fish 
farming [12]. Most fish farmers consider silvoaquaculture to be 
less profitable for fish production than conventional ponds, so 
It was abandoned. Existence of silvoaquaculture that has 
survived to this day needs to be investigated to determine the 
extent to which silvoaquaculture is able to provide economic 
and ecological benefits. Purpose of this study was to 
determine production performance, economic value, and 
ecology of mangroves in silvoaquaculture ponds to describe 
the strength of conservation and economic aspects that it has 
played. 

 
2 METHOD 
 
2.1 Study Area 
The study areas included three areas, the first is called 
Karangsong Village, the second area is Brondong Village, and 
the third area is called Pabean Ilir Village. Three villages are 
located in Indramayu district, Indonesia. 
 
2.1 Data Collecting 
Mangrove ecological data were obtained using a quadratic 
survey method. In transect area (10x10 m

2
), mangrove 

species and number of mangrove trees are recorded.  
Mangrove observed in 10 stations (3 stations in Karangsong, 3 
stations in Brondong, and 4 stations in Pabean Ilir). Data of 
fish production and economic value collected from respondent 
by questionnaires. Determination of the respondents was done 
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by purposive sampling for  fish farmers in silvoaquaculture 
ponds (Empang Parit, Komplangan, and Kao-kao).  
 

2.2 Data Processes 
Production of silvoaquaculture ponds (in three type of ponds: 
empang parit, kao-kao, komplangan) per year is determined 
using the average production data from all ponds (kg / Ha / 
year). This production includes the production of farmed 
milkfish and the daily production of wild shrimp trapped in 
pond (called daily shrimp). The economic value of 
silvoaquaculture ponds (trench ponds, kao-kao, komplangan) 
per year is determined using average data on profit of milkfish 
farming from all ponds (IDR/Ha /year) plus daily shrimp 
income. Mangrove ecology is determined based on mangrove 
species, mangrove tree density (ind/Ha), and index of 
importance. Importance value index is used to determine 
dominant mangrove tree species. 
 
2.3 Data Analysis 
Data analysis uses a statistical test approach for analysis milk 
fish production data. Statistical analysis included data 
normality test, transformation of data (archi), analysis of 
variance (ANOVA), and DMRT test. Descriptive (qualitative) 
approach was used to analyze daily shrimp production data 
and economic value of silvoaquaculture. Descriptive analytical 
instrument used literature study. Ecological analysis of 
mangroves is based on standard criteria for mangrove 
ecological status established by Indonesian Ministry of 
Environment. If density of mangrove trees is more than 1500 
idv / Ha it is categorized as GOOD (high density), and tree 
density below 1000 idv / Ha is categorized as BAD (low 
density). 

 
3 RESULT AND DISCUSSION 
 
3.1 Type of Silvoaquaculture Ponds 
Indramayu District is one of the locations in Indonesia where 
milkfish cultivation on silvoaquaculture  ponds [13]. 
Silvoaquaculture ponds have three type ponds, there are 
Empang Parit, Komplangan, and Kao-kao (Figure 1).  Empang 
parit found in Karangsong Village,  Komplangan located in 

Brondong and Pabean Ilir Villages, and  Kao-kao spread  in 
Karangsong, Brondong, and Pabean Ilir Villages. 
Empang parit is silvoaquaculture pond where mangrove tree in 
the middle of pond (Figure 1a). Komplangan ponds have 

mangroves tree on one side of the pond (Figure 1b). Finally, 
mangrove trees in the kao-kao pond have spread outside the 
pond (Figure 1c). Empang parit  ponds and komplangan ponds 
have mangrove areas higher than kao-kao ponds. 
 
Total areas of each type of silvoaquaculture ponds in research 
location has different. Kao-kao ponds (average 2,36 Ha) have 
higher area than other type pond of silvoaquaculture (empang 
parit pond (average 1,38 Ha) and komplangan pond (average 
1,47 Ha)). Pond area is a variable that determines pond 
production [14], but highest of total area has some problem of 
silvoaquaculture management, especially for feeding 
treatment.   
 
 3.2 Production of Silvoaquaculture Ponds 
Milkfish production in silvoaculture ponds ranged from 
1309.72-1688.89 kg/Ha/year (Table 1). The highest production 
belongs to Kao-kao ponds and the lowest production belongs 
to Komplangan ponds. Analysis of Variance (ANOVA) shows 
significant differences in production between types of ponds. 
The DMRT test shows that the highest production of Kao-kao 
ponds is significantly different from Komplangan ponds but is 
not statistically significant from the production of Empang Parit 
ponds. Biotechnical factors during milkfish rearing period 
influenced milkfish production in silvoaquaculture ponds. 
Biotechnical aspects observed during the study included water 
sources, seeds, fertilizers, feed, pond area, and cultivation 
technology. Important biotechnical factors that influence 
aquaculture production are seeds [15], feed [15][16], fertilizers 
[17], and pond area [16] [17]. Fish seeds that are stocked in all 
silvoaquaculture ponds come from same source, namely all 
fish seeds from Bali region and are managed by local 
hatchery. Fish seed size ranges from 2-5 mg/fish. Quality of 
fish seeds is relatively same so that it is considered to have 
same effect on fish productionFeed with complete diets 
(protein, carbohydrates, fats, vitamins, and minerals) 
necessary for the optimal growth and health of the fish[18]. 
Feed used in all silvoaquaculture ponds had same nutritional 
quality (17% protein). Feeding is done in the morning and 
evening with an average feeding rate 3% (is lower than the 
feeding rate used by Malik’s research (2010) [19] which is 3-
5%). In feeding factor, there is a difference in Feed Conversion 
Ratio (FCR) where Komplangan ponds have a higher FCR 
than other types of ponds. The higher FCR is caused by 
uneven distribution of feed due to obstruction of mangroves 
that are clustered on one side of the pond. Inefficient feed in 
Komplangan ponds affects low production in these ponds. 

 
Fig. 2. Types of silvoaquaculture ponds. 

 

 
Fig. 1. Study area. 
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Water area of each pond is different, because mangrove area 
for each type of pond is different. Kao-kao pond has fewer 
mangroves so that it has a wider waters area of pond than 
Empang Parit and Komplangan ponds. High area of water 
bodies in the Kao-kao pond supported the high production of 
milkfish in these ponds. 

Daily shrimp production is strongly influenced by mangrove 
conditions as shrimp nursery ground. Komplangan ponds that 
have extensive mangroves provide high support (505 kg/year) 
for daily shrimp production in these ponds (Table 1). Strange 
conditions are found in Empang Parit ponds which have 
extensive mangroves (Figure 1) but daily shrimp production is 
low (120 kg / year). Location of Empang Parit pond is in 
Karangsong village, where this location is close to settlements, 
fishing ports, and oil mining (Fig. 3). Several health stressors 
(sewage, domestic, industrial and agricultural effluents 
carrying organic matter with highly toxic substances) are 
significantly depleting biodiversity of aquatic [20], and in this 
case decreased of shrimp population. High variety and high 
intensity of activities around the Empang Parit Pond 
(Karangsong Coast) impact on stress of aquatic environment, 
including pollution in shrimp habitat, so that daily shrimp 
production in this location is low. 

 
3.3 Economic Value of Silvoaquaculture Ponds 
Distribution of economic value from silvoaquaculture ponds 
ranges from 29,842,778-44,938,571 (IDR/Ha/Year). The 
highest economic income is obtained by Kao-kao pond 
farmers (44,938,571 IDR/Ha/Year). Komplangan pond farmers 
get an economic value of 39,590,983 (IDR/Ha/Year), while 
Empang Parit farmers get the lowest economic value of 
29,842,778 (IDR/Ha/Year). Factors affecting income of milkfish 
farming include pond area and fish production[21].  Fish 
farming which has a large pond is able to maintain many fish 
and will produce a lot of fish. Furthermore, high fish production 

will provide a high fish sale value. Economic value of each 
pond is influenced by amount of production (Table 1) obtained 
per year. Kao-kao pond which the largest production of 
milkfish and daily shrimp has the greatest economic value. 
Even though Empang Parit pond has a higher milkfish 
production than Komplangan pond, but it has a very low daily 
shrimp production, so that the total economic value of Empang 
Parit pond is lower than that of the Komplangan pond.  
Conclusion, Empang Parit ponds are the lowest economic 
value of Silvoaquaculture ponds. 

 
3.4 Mangrove Ecology in Silvoaquaculture Pond 
Mangroves in silvoaquaculture ponds are mangroves that 
intentionally planted as an effort to preserve them (Fig 4). 
Mangrove conservation is important to stop continuous 
degradation of mangrove ecosystem. Important function of 
mangroves as a provider of ecological and environmental 
services must be maintained and even enhanced. Without 
conservation, mangroves will disappear from coastal areas 
and have a negative impact on all sectors of life for coastal 
people including aquaculture activities. Mangrove species 
found in silvoaquaculture ponds include Avicennia marina, 
Rhizophora mucronata, Rhizophora stylosa, and Rhizophora 
apiculata. Mangrove species most commonly found is 
Rhizophora mucronata, indicating the species most widely 
planted by farmers and the most adaptive to the pond 
environment (Fig 4). Rhizophora mucronata is more tolerant of 
harder substrate and sand[22]. Mangrove density ranged from 
733-2333 (idv/Ha) (Table 3). The highest density was found in 
the Empang Parit and Komplangan ponds, while the lowest 
mangrove density was found in the Kao-kao pond. The density 
level is related to the ecological status, so that Empang Parit 
and Komplangan ponds have a good mangrove ecology while 
Kao-kao ponds have a bad mangrove ecology. 

 
 
 
 
 

TABLE 1 
PRODUCTION OF MILKFISH AND SHRIMP  

IN SILVOAQUACULTURE PONDS 

Type of Pond 
Production (kg/Ha/year) 

Milkfish Daily shrimp 

Empang Parit 1612,53
ab

 120 

Kao-kao 1688,89
b
 480 

Komplangan 1309,72
a
 505 

Note: Different superscripts show different types of farms. 

TABLE 2 
ECONOMIC VALUE OF MILKFISH AND SHRIMP  

IN SILVOAQUACULTURE PONDS 

Type of Pond 
Economic Value (IDR/Ha/Year) 

Milkfish Daily shrimp Total 

Empang Parit 26.686.111 3.156.667 29.842.778 
Kao-kao 32.311.905 12.626.667 44.938.571 
Komplangan 26.306.678 13.284.306 39.590.983 

 

 
Fig. 3. Fishing port activity in Karangsong 

 

 
Fig. 4. Mangrove in silvoaquaculture ponds. 
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Mangroves supported major fishery resources of significant 
economic importance until offshore water[23]. The ecological 
quality of mangroves has a positive effect on fishery 
production, including production of silvoaquaculture ponds. 
This research illustrates high production of milkfish and daily 
shrimp as a positive contribution from mangroves. Mangroves 
that live in silvoaquaculture ponds not only have a positive 
impact on silvoaquaculture ponds, but also have a positive 
impact on other ponds around silvoaquaculture ponds. This 
role causes the production of the Kao-kao pond, which has a 
large water body, to be higher in production, because it is 
actually supported by good mangroves in Empang Parit and 
komplangan ponds which are nearby. 

 
Fish farmer reported that mangrove presence in the 
silvoaquaculture pond has some advantages such as safe 
pond from the wind, tide, wave (mangroves protect the beach 
from erosion [24]), and so treatment of water quality from 
pollutants (mangrove plants are able to become water 
pollution biofilters [25]). Another advantage of mangroves is 
that the additional feed is obtained from plankton [26] and, 
nutrient-rich mangroves supply nutrients in pond [27]. 
However, farmers also reported the negative effect of 
mangroves on the fish cultivation process, such as poison 
from the tree and substrate mangrove [11], many fish 

predators live in mangrove [28], difficult to feed treatment, 
difficult for harvest fish, etc. 

 
3.5 Relationship of Production, Economic Value, and 

Mangrove Ecology in Silvoaquaculture Ponds 
Mangroves are important coastal ecosystems that provide 
positive support for fisheries resources. Increasing mangrove 
tree planting increasing fish populations [29] and existence of 
mangroves supports the life of various types of fish[30]. 
Mangroves in silvoaquaculture ponds will provide good 
support for fish and shrimp production in ponds. Figure 5 
illustrates the relationship between production, economic 
value, and ecological status of mangroves in each type of 
silvoaquaculture pond. Empang Parit ponds have the 
advantages of high milkfish production and good mangrove 
ecology, but low daily shrimp production as a result of high 
activity from settlements, tourism, fishing ports, etc. 
Komplangan pond has advantage of high daily shrimp 
production and good mangrove ecology, but milkfish 
production is low due to low feed efficiency. Kao-kao pond has 
the advantage of high daily production of milkfish and shrimp, 
but mangrove ecology is relatively bad. Each type of 
silvoaquaculture pond has different advantages and 
disadvantages, for this reason its development policy must be 
able to correct existing weaknesses. Table 4 describes 
considerations and improvements for application of each type 
of silvoaquaculture pond. Empang Parit and Komplangan 
ponds which have a high mangrove density (good mangrove) 
can be applied in locations near coast and preferably far from 
center of activities that can be a source of pollution. Feed 
efficiency improvements are carried out in Komplangan ponds. 
Kao-kao ponds should be located some distance from coast 
(because mangroves are thin), and the mangrove density 
needs to be increased.  

 
 

TABLE 3 
MANGROVE ECOLOGICAL STATUS IN SILVOAQUACULTURE PONDS 

Station 
Mangrove 
Species 

Densi
ty 

(idv/H
a) 

Dominant 
Species 

Ecologic
al status 

Type of 
Pond 

Station 1 Avicennia 
marina, 
Rhizophora 
mucronata 

2067 Rhizophora 
mucronata 

Good Empang 
Parit 

Station 2 Avicennia 
marina, 
Rhizophora 
mucronata, 
Rhizophora 
stylosa 

2333 Avicennia 
marina 

Good Empang 
Parit 

Station 3 Rhizophora 
mucronata 

1500 Rhizophora 
mucronata 

Good Empang 
Parit 

Station 4 Rhizophora 
mucronata 

767 Rhizophora 
mucronata 

Bad Kao-kao 

Station 5 Rhizophora 
mucronata 

1867 Rhizophora 
mucronata 

Good Komplan
gan 

Station 6 Rhizophora 
mucronata 

1567 Rhizophora 
mucronata 

Good Komplan
gan 

Station 7 Avicennia 
marina, 
Rhizophora 
mucronata, 
Rhizophora 
stylosa, 
Rhizophora 
apiculata 

967 Rhizophora 
mucronata 

Bad Kao-kao 

Station 8 Rhizophora 
mucronata 

733 Rhizophora 
mucronata 

Bad Kao-kao 

Station 9 Rhizophora 
mucronata 

667 Rhizophora 
mucronata 

Bad Kao-kao 

Station 
10 

Avicennia 
marina, 
Rhizophora 
mucronata, 
Rhizophora 
stylosa 

767 Rhizophora 
mucronata 

Bad Kao-kao 
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4 CONCLUSIONS 
Silvoaquaculture is able to properly integrate milkfish 
production and mangrove conservation. Fishery production in 
silvoaquaculture ponds includes milkfish and shrimp 
production. Total production of milkfish reached 1688.89 
(kg/Ha/year) and daily shrimp 505 (kg/Ha/year) with economic 
value of 44,938,571 (IDR/Ha/year). Mangrove support for fish 
business and production in silvoaquaculture ponds includes 
safe pond from the wind, tide, wave, and treatment of water 
quality from pollutants, additional feed from plankton, and 
supply nutrients to pond. Good ecological mangrove seen in 
Empang parit and Komplangan Pond. Kao-kao pond produce 
high milkfish and daily shrimp, but bad for status ecological 
mangrove. Development of silvoaquaculture pond consider 
advantages and disadvantages of silvoaquaculture pond. 
Empang Parit and Komplangan ponds can be applied in 
locations near coast and preferably far from center of activities 
that can be a source of pollution. Feed efficiency 
improvements are carried out in Komplangan ponds. Kao-kao 
ponds should be located some distance from coast, and the 
mangrove density needs to be increased. 
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TABLE 4 
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