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A B S T R A C T   

We studied nearshore diurnal fish catches and fisheries development in the early stages of mangrove rehabili
tation around the village of Timbulsloko on the central north coast of Java, Indonesia. Mangrove rehabilitation 
was part of a Nature-based Solutions project to re-establish ecological and economic resilience by combining 
coastal engineering measures with ecological recovery in conjunction with sustainable land and resource use. 
Creel surveys were conducted during the onset of the monsoon season October–December 2017 to document 
yields of the three main fishing gears targeting mangrove finfish in a 419 ha mangrove backwater basin. These 
were accompanied by structured interviews to obtain fisher views on developments in these fisheries. Analysis of 
satellite images and GIS-mapping were used to follow developments in mangrove coverage and effort in the 
estuarine lift-net fishery. Mangrove recovery between 2005 and 2018 achieved 8.5% of its maximum possible 
(historic) cover potential in the basin and followed an exponential growth curve. The increase in lift-net in
stallations targeting finfish lagged in comparison to mangrove increase, remaining virtually zero till 2014, after 
which it rapidly increased. A baseline study in 2015 found no mangrove-associated finfish fisheries occurring in 
our study area. The 51 fishers surveyed in 2017, indicated that fishing activity in the area had strongly increased 
since 2015, with 45% of fishers stating to having started fishing this area a year earlier or even more recently. A 
significant majority of 87% of respondents with more than one year of experience at this location, stated that 
their catches had changed in terms of either fish size, quantity or composition since they started fishing, while 
86% indicated improvement in terms of either size or quantity. Fishing generated about 1.05 ± 1.11 (SD) USD/hr 
worth of catch to professional fishers using either of the two net-types studied. As per 2017, fishing had become 
profitable in our study area, whereas this kind of fishery practically did not exist prior to 2014. We suggest that 
higher profitability may partially explain the rapid growth seen in fishing activity in the mangrove rehabilitation 
area. However, for 12 of the 18 larger species caught, the mean size in the catch was lower than mean size of 
maturation, indicating that these fisheries were principally targeted towards immature nursery fish. The results 
highlight the need to manage this currently developing fishery, otherwise any benefits to the local community 
might be nullified by overfishing.   

1. Introduction 

Mangroves are important for sustaining nearshore fisheries in trop
ical regions due to their nursery function and high productivity (Manson 

et al., 2005). Up to recently, their positive effects on fishery revenues 
were mostly based on studies using a correlative approach and 
ecosystem modelling (e.g. Aburto-Oropeza et al., 2008; Anneboina & 
Kumar 2017; Das, 2017) and information on whether and how 

* Corresponding author. Wageningen Marine Research, Wageningen University and Research, P.O. Box 57, 1780 AB, Den Helder, the Netherlands. 
E-mail address: dolfi.debrot@wur.nl (A.O. Debrot).  

Contents lists available at ScienceDirect 

Estuarine, Coastal and Shelf Science 

journal homepage: www.elsevier.com/locate/ecss 

https://doi.org/10.1016/j.ecss.2022.107761 
Received 28 July 2021; Received in revised form 29 December 2021; Accepted 21 January 2022   

mailto:dolfi.debrot@wur.nl
www.sciencedirect.com/science/journal/02727714
https://www.elsevier.com/locate/ecss
https://doi.org/10.1016/j.ecss.2022.107761
https://doi.org/10.1016/j.ecss.2022.107761
https://doi.org/10.1016/j.ecss.2022.107761
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecss.2022.107761&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Estuarine, Coastal and Shelf Science 267 (2022) 107761

2

mangrove rehabilitation can improve fisheries production remains scant 
(e.g. Walton et al., 2006). In the Philippines, Walton et al. (2007) found 
that natural and planted mangroves had comparable mud crab (Scylla 
olivacea) densities, and hence successfully demonstrated that planting 
could help in restoring an economically important crab species to levels 
expected from natural mangrove stands. Anneboina & Kumar (2017) 
demonstrated a strong correlation between mangrove presence in India 
and fisheries productivity and calculated a net contribution per hectare 
of mangroves of 1.9 tons of fish catch per year, amounting to a total of 
23% of the annual fisheries production. One questionnaire-based study 
in the Philippines suggested that replanted mangroves were benefiting 
local incomes to the extent of USD 564–2316/ha/y (Walton et al., 2006). 
Major problems remain in terms of assessing the effectiveness of 
mangrove rehabilitation programs (Ismadi and Yamindago, 2015), and 
in general, the functionality and recovery of ecosystem services have 
been too rarely quantified in mangrove rehabilitation projects (Duncan 
et al., 2016). In a recent meta-analysis of 70 wetlands that were restored 
5–15 years earlier, it was found that compared to reference sites, 
restored wetlands (including several mangrove sites), typically provided 
16% lower supporting services and 22% lower regulating services than 
natural sites, even though they were able to match desired levels of 
provisioning and cultural services (Meli et al., 2014). Still, almost no 
studies have been carried out to directly assess any relationship between 

mangrove recovery and either fish abundance or fishing yields as in
dicators of ecosystem service recovery. Therefore, it is not known to 
what extent and how fast mangrove rehabilitation can actually lead to 
restored ecosystem functioning and economic vitality for coastal fishing 
communities. 

Along the central north coast of Java mangrove loss has been 
particularly severe due to high human population densities and the 
demand for agricultural land and aquaculture (Kusmana, 2014). This 
has contributed to coastal erosion and flooding, loss of land and infra
structure, and emigration due to loss of livelihoods (Abidin et al., 2013; 
Chaussard et al., 2013; Joseph et al., 2013). This has also been the case 
in the coastal zone of Demak Regency, about 10 km north of the city of 
Semarang which has been suffering from coastal erosion and flooding 
fuelled by mangrove conversion to aquaculture ponds, and subsidence 
(Abidin et al., 2013; Chaussard et al., 2013, Fig. 1). Until the mid-20th 
century the main occupation was the culture of dry-land crops and rice. 
In the 1960s, canals for irrigation and drainage were built, and some 
rivers were dredged and straightened. In the 1980s, the growing inter
national demand for shrimp fuelled the transformation of mangroves 
and rice fields to ponds for shrimp (Ariyati et al., 2016). This then led to 
seawater intrusion and rice had to be abandoned, further forcing the 
clearance of more mangroves. In response to socio-economic decline 
caused by loss of land and sinking villages, mangrove planting and 

Fig. 1. Map of the study area showing the two tidal rivers (Barjah and Kalianyar) draining through the middle basin where the fishing activity was documented via 
interviews and satellite net counts. The two flanking basins were used as control basins for mangrove development trends. Red dots indicate the three villages as 
referred to in the methods. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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rehabilitation activities by the villagers have been underway since 2001 
(Damastuti and De Groot, 2017) as supported and urged on by govern
ment (e.g. Demak Environmental Office) and international NGOs such as 
OISCA (Organization for Industrial, Spiritual, and Cultural Advance
ment, Japan). Most of the planted mangroves were Rhizophora mucro
nata and to a much lesser extent Avicennia marina. Even though by 2014 
more than 5.7 million mangrove seedlings had been planted in the 
surrounding villages (Damastuti and De Groot, 2017), in 2013 two 
communities needed to be evacuated (Damastuti and De Groot, 2018). 

A large-scale mangrove rehabilitation project was initiated in Demak 
Regency in 2015 by a Dutch-Indonesian consortium consisting of the 
Ecoshape Foundation, the Netherlands, Wetlands International, the 
Indonesian Ministry of Marine Affairs and Fisheries (MMAF), the Indo
nesian Ministry of Public Works and Housing (PU) and associated 
partners. The goal of the initiative was to halt and ultimately reverse 
coastal erosion and support sustainable aquaculture revitalization along 
a 20-km section of coast that had suffered serious ecological and socio- 
economic decline (Tonneijck et al., 2015; Bosma et al., 2020; Rejeki 
et al., 2021). The average household size in the villages of Demak, in 
2015 was 5-persons and the household income from shrimp and fish 
farming activities were estimated at 1400 USD/yr (Ariyati et al., 2016). 
The average total household cumulative income was 2137 USD/yr, 
which lay well below the poverty standard (Ariyati et al., 2016). In this 
project, our Nature-based Solutions (NbS) approach (Cohen-Shacham 
et al., 2016, 2019) aimed at integrated coastal zone management to 
re-establish ecological and economic resilience by combining smart 
engineering and ecological rehabilitation, in conjunction with sustain
able land and resource use (De Vriend et al., 2015). Implementation 
began with the construction of permeable dams made from bamboo 
poles with brushwood packed in between and placed parallel to the 
coast to trap sediment to support semi-natural mangrove recovery 
(Winterwerp et al., 2020). It involved no tree-planting. Implementation 
was integrated into community development plans, and supported by 
training programs and the intensive involvement of local stakeholders 
(Wilms et al., 2017). 

The objective of this study was to evaluate whether mangrove 
rehabilitation increases local finfish fisheries production and contributes 
to economic vitality of coastal fishing communities along the north coast 
of Java. For this we assessed the nearshore fisheries taking place in and 
directly surrounding the channels of the associated mangrove system. 
Nearshore areas and mangrove channels are particularly interesting to 
finfish fisheries as they serve as conduits for predatory fish (e.g. Blaber, 
1986; Blaber et al., 1989; Sheaves, 1995; Leh et al., 2012) that are not 
only at the top of the food web but also high-value target species. 
Increased or renewed fishing activity or increased catches of these fishes 
could serve as an early indication of changes in the status of mangrove 
ecosystem health and possible economic benefits from mangrove 
rehabilitation. 

2. Study area and methods 

2.1. Study area 

The study area lies in the coastal zone of Demak Regency, about 10 
km north of the city of Semarang (Fig. 1). We assessed mangrove fishing 
activity targeting finfish in two tidal mangrove rivers draining a 419 ha 
backwater area. The rivers were conveniently located along a small 
section of coastal road connecting the village of Timbulsloko to the 
smaller villages of Bogorame and Bedono. This area was chosen for three 
reasons. Firstly, the area was in the centre of the NbS project, secondly, it 
was flanked on both sides by drainage basins comparable in both size 
and mangrove recovery and thirdly, in contrast to other nearby areas, it 
had maintained the same riverine structure since at least 2005. Hence, 
any potential changes in fishing activity or catches could not be influ
enced by local changes in the riverine landscape. The four enveloping 
main villages, namely Timbulsloko, Bedono, and Sriwulan and Surodadi 

(the latter two lying outside our map) amount to about 1,250 house
holds per village and were the subject of several recent socio-economic 
livelihood studies (Joseph et al., 2013; Ariyati et al., 2016; Damastuti 
and De Groot, 2017). Based on a sample of 500 household representa
tives, Damastuti and De Groot (2017) determined that 64.8% of 
households had aquaculture, labour, trading, entrepreneurialism or civil 
service as the primary source of income, while 10.2% of households 
depended on mangrove-related fishing as the primary source of income, 
and 24.8% depended on other mangrove usage (for materials, fishing 
gears, foods, fuel, medicines, seedlings for mangrove nurseries) for their 
income. The most valuable mangrove-related fishing product was the 
mud crab, Scylla serrata, which amounted to 44% of the fishers’ 
household income in Timbulsloko (Damastuti and De Groot, 2017). 
Many different types of fishing methods are applied in the surrounding 
areas, including trawling for shrimp and blood clam (Anadara granosa) 
using either vessels or hand dredges, spearing or shooting fish from the 
shore, cast-netting, and even extracting fish from burrows by hand. 
However, in and around the mangrove system we studied, the three 
main shore-based types of fishing methods targeting finfish were: 
hook-and-line (“pancing”), lift net (“branjang”) and drift net (“bondet”) 
fishing. Most of such fishing activity in this area is centred around two 
main mangrove tidal rivers of Sungai Barjah and Sungai Kalianyar which 
we studied (Fig. 1). The large, shallow (<1 m) mangrove backwater 
basin area of roughly 419 ha (middle basin) drained by these two rivers 
is used for semi-extensive shrimp and milkfish culture which account for 
roughly 65% of the household income for the resident villagers (Ariyati 
et al., 2016). The backwaters are non-estuarine in nature due to exten
sive up-stream water diversion and extraction (Taufani et al., 2018). 
Salinity in the tidal rivers averages 32–34 ppt during most of the year, 
but drops annually to an average of just above 28 ppt during the rainy 
season (November–February) due to seasonal discharge (Rejeki et al., 
2012, 2021). 

2.2. Creel surveys 

We conducted diurnal creel surveys on 16 days from 6 a.m. to 16 p. 
m. during the period 18 October-10 December 2017, during the first half 
of the rainy season. A total of 51 fishers were interviewed and 42 catches 
were documented. It was estimated that about 130 mangrove fishers 
reside in Timbulsloko, almost all of whom were mangrove crab fishers 
and did not target finfish (Damastuti and De Groot, 2017). Therefore, 
our sample size of 51 fishers targeting this up-coming fishery for finfish 
was adequate. 

A short questionnaire was designed, reviewed and translated to the 
main language of Bahasa Indonesia to document the socio-economic 
background of the fishers, their current fishing activities and experi
ence with fishing in the study area (e.g. Debrot and Nagelkerken, 2000). 
The questionnaire-based interviews were conducted by Indonesian stu
dents from the Diponegoro University of Semarang (for questionnaire, 
see Appendix A). Other types of mangrove fishing are conducted 
(Damastuti and De Groot, 2017), and most village fishing takes place 
offshore (Hapsari et al., 2017). Therefore, and in contrast to other 
studies cited, all interviews were conducted on the fishing grounds to 
make sure that only active mangrove fishers were included. Individual 
fishers were interviewed only once. We used Chi-square Goodness-of-Fit 
tests to evaluate for deviations from expected proportions (Walpole and 
Myers, 1978). Because not all fishers answered all questions, tests were 
based on differing sample sizes for each question examined. 

2.3. Characterization of fish catches 

For field sampling efficiency and to save the fishers’ time, we 
documented catches photographically by laying the catch in a rectan
gular tray with a cm-grid on the bottom. Thus size estimation in terms of 
Total Length (TL) and identification could be done later so as to mini
mize the time spent in the field and the hinder caused to the fishers. 
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Catch composition was identified using online resources, such as fis 
hbase.org and talkaboutfish.com and local experts. Almost all species 
could be distinguished and reliably identified except the Mugilidae and 
Ariidae. We used fish size and length-weight relationships from FISH
BASE (Froese and Pauly, 2018) to estimate weight of each fish and hence 
species weight contribution and total weight of all catches. By recording 
the duration of time fished we calculated catch per unit effort (CPUE) for 
each fishing trip and each gear type used. Only six recorded catches had 
a zero fish catch (zero success). In cases of zero catch, the fishing trip was 
typically very short and the fisher returned home early. The zero catches 
were included in the calculation of average catch rate per hour. 

2.4. Developments in lift net deployment 

We quantified the multiannual development in lift net deployment in 
the two tidal rivers studied by counting the number of lift-net in
stallations visible in a single, Google Earth satellite image each year 
from 2009 to 2018. These square nets were 6.75 by 6.75 m in size, 
permanently hung from little fishing sheds or “lift-net installations” 
constructed at vantage points along the river banks and could be clearly 
distinguished from good-quality Google Earth satellite images. Howev
er, prior to 2009, the resolution available on Google Earth images was 
insufficient to allow discernment of lift-net installations. When not in the 
water the nets hung directly above the water and could be distinguished 
as large white squares (Fig. 2). The dates of the Google Earth images 
used were as follows: 18 October 2009, 27 September 2010, 7 
September 2012, 1 August 2013, 1 June 2015, 1 February 2016, 18 
September 2017 and a field count conducted on 1 April 2018. These 
dates were spread across different seasons of the year, spanning eight 
months in total, because of the limited availability of high resolution 
daytime and cloudless Google Earth images that allowed distinction of 
the nets. This spread was still not a problem because the lift-net in
stallations remain standing and the nets very visible even in case of not 
being in active use due to weekends, illness, holidays, tides or other 
(pers. observ. 2015–2019, AOD). Also, if differences in season had made 
a big difference then we would expect a “messy” graph of lift-net 
deployment but the graph instead shows a very tight and stable 

pattern of change in the deployment of lift-net installations. Statistical 
analysis for significance of trends in lift-net deployment were done using 
simple linear regression analysis (Walpole and Myers, 1978). 

2.5. Developments in mangrove cover 

Changes in tree cover at a landscape level are typically gradual and 
long-term, and therefore monitoring tree cover change at annual or 
longer intervals is the rule (e.g., Potapov et al., 2017; Altamirano et al., 
2020). To assess mangrove development in our study basin we mapped 
mangrove cover once a year based on Google Earth satellite images. We 
started with a consecutive annual assessment for all more-recent years 
from 2018 through 2012, a single intermediate assessment in 2010, and 
an early assessment in 2005 when there were hardly any mangroves 
present as yet. Mapping tree cover was a labour-intensive activity but in 
the earlier years mangrove cover was consistently low and showed little 
fluctuation year to year. In studies examining the relationship between 
habitat improvement and fish abundance, a key question is whether any 
increase in fish abundance is primarily due to locally enhanced pro
duction or simply due to attraction of fish from (and at the expense of) 
adjacent areas which lack such habitat (i.e., the long-standing “pro
duction” versus “attraction” debate surrounding artificial reef initia
tives, e.g., Roa-Ureta et al., 2019; Hylkema et al., 2020; Da Costa et al., 
2021; Hylkema et al., 2021). To help address this complicating issue, we 
collected data on mangrove cover not only from our direct 419 ha study 
area but also from similarly-sized flanking areas, so as to be able to 
verify that any fish abundance we might document was not being arti
ficially inflated because surrounding areas might have been devoid of 
mangroves. Statistical analysis for significance of trends in mangrove 
cover were done using simple linear regression analysis (Walpole and 
Myers, 1978) using log-transformed data. 

3. Results 

3.1. Socio-economic survey 

The principal results from our questionnaire-based interviews are 

Fig. 2. Sample Google Earth image showing four lift net installations in the Barjah tidal river on 18 September 2017. One net appears to be submerged (2nd from 
right, only shed and pole visible) and three were not submerged at the time of photography (poles and net hanging visibly above the water). Google Earth Pro V 
7.3.4.8248. (July 16, 2021). Demak, Java, Indonesia. 6◦ 53′ 58.38′′S, 110◦ 30′ 35.73′′E, Eye alt 264 m. CNES/Airbus 2021. https://earth.google.com/web/[December 
21, 2021]. 
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given in Table 1. Eighty percent of the 51 fishers surveyed were 25–50 
years of age, while 10% were 18–25 years and 10% were older than 50 
years. Forty-nine percent were residents from Timbulsloko (25), 23% 
from the city of Demak (14 km away) and 11% from the city of Sem
arang (6 km away), while 17% came from elsewhere to fish (Table 1). 
Fifty-seven percent characterised themselves as professional fishers, 
24% as principally farmers, 9% as entrepreneurs and 4% as working in 
the private sector, while 6% gave no clear answer. None of the inter
viewed indicated to be either students or unemployed. Most respondents 
(47%) fished four times or more each week, 26% fished 2–3 times a week 
while 27% fished one time or less per week. Typical fishing duration of 
interviewees was predominantly more than 4 h as opposed to 2–4 h or 
1–2 h (X2 = 13.27, df = 2, p = 0.000). Clearly, the results showed that 
our study design targeted the more active fishers. Forty percent fished to 
sell their catch, 29% partly for their own consumption and partly to sell, 
20% strictly for their own consumption and 11% for recreational pur
poses (Table 1). Sixty-nine percent of fishers had spent more than 4 h 
fishing when interviewed. The largest number of fishers (33%) had 
fished at this location for more than 2 years but 22% had only started 
fishing 1–2 years earlier, while 45% had started fishing in the area less 
than or equal to one year ago. This suggests a large influx of fishing 
activity. Of the 51 fishers interviewed (plus three only observed), 48% 
used fishing rods, 33% drift nets, 17% lift nets and 2% cast nets as their 
principal gear (Table 1). Fishing rods typically used 30-lbs-test nylon 
monofilament with a leader and were the key gear used by recreational 
fishers. The drift nets varied in dimensions but were typically 35 m long, 
1.5 m wide and a mesh grid of 1.3 × 1.3 cm. Square lift nets, as explained 
above, were 6.75 by 6.75 m in size and were semi-permanently 
deployed. The fishers stated that their target species were (in 
declining order of importance; see Table 2 for Indonesian local names) 

the Greenback Mullet (cf Planiliza subviridis), snappers (Lutjanus spp.), 
the Barramundi (Lates calcarifer), the Milkfish (Chanos chanos) and Gray 
Eel-catfish (Plotosus caninus), and a significant majority of fishers stated 
to actively target certain species (X2 = 12.25, df = 1, p = 0.000). The 
fishers that had fished in this area for six months or more indicated that 
previously their dominant (78%) fishing method (X2 = 5.56, df = 1, p =
0.016) was using a scoop net (to catch shrimp). A significant majority of 
them (87%) (X2 = 13.76, df = 1, p = 0.000) indicated a change in their 
catches at this location since starting to fish here. According to them, 
this was in terms of either fish size (19%), quantity (40%), or species 
composition (41%). A statistically significant majority of them (86%) 
(X2 = 225.00, df = 1, p = 0.000) further indicated that their catch 
amount and/or composition at this location had greatly improved since 
they started fishing here. Fifty-nine percent indicated to also fish in 
other locations and of those a significant majority 80% (X2 = 12.5, df =
1, p = 0.000) indicated to be aware of site-specific differences in fish 
availability between the locations they fish. 

3.2. Catch characteristics 

The 42 individual catches documented, amounted to 359 fishes to be 
identified and measured, and weighed a total of 65.3 kg. The three most 
numerous species were the Greenback Mullet (62%), the Milkfish (9%) 
and Spotted Scat (7%). By weight the three most dominant species were 
the Greenback Mullet (46%), the Milkfish (27%) and the Barramundi 
(13%). Overall, at least 25 species were recorded in the combined 
catches (Table 2). Some difficult-to-differentiate species groups were 
composed of more than one species. This was especially the case for 
Mugilids and for Ariidae. For the purpose of analysis, all Mugilidae and 
Ariidae were considered as being the most-common expected species but 

Table 1 
Key responses of fishers at Timbulsloko to the questionnaire-based interviews (see questionnaire, Appendix A).  

Question/Number of respondents (n) Categories of response/Percent responses for each category 

1 Age <18 18–25 25–35 35–50 >50   
51 0 10 39 39 12  

2 Residence Timbulsloko Semarang Demak other    
51 49 11 23 17   

3 Profession farmer fisherman employee entrepreneur other   
51 24 57 4 9 6  

4 Time spent fishing now (h) <0.5 0.5–1 1–2 2–4 >4   
29 7 7 17 0 69  

5 Typical time spent fishing (h) 1–2 2–4 >4     
50 12 15 58    

6 Frequency of fishing per week <1 2 3 ≥4    
51 27 18 8 47   

7 Purpose of fishing recreation food sell combination    
52 11 20 40 29   

8 Gear of preference rod gill net lift net cast net    
54 48 33 17 2   

9 Actively target selected species yes no      
51 75 25     

10 What target species mullets Baramundi snappers Milkfish Eel-catfish other  
65 31 19 22 12 6 11 

11 Other fishing locations in use yes no      
51 59 41     

12 Differences between sites yes no      
30 80 20     

13 Experience at location (months) <6 1–6 6–12 12–24 >24   
49 10 27 8 22 33  

14a Other gear used here in the past yes no      
40 38 62     

14b If so, gear type used then rod scoop net lift net other    
18 12 78 5 5   

15a Did fish catch change yes no      
40 87 13     

15b If so, how did fish catch change more fish less fish smaller fish bigger fish different fish   
37 32 8 0 19 41   
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additional species cannot be ruled out and are even likely to co-occur. In 
the case of the Mugilidae, the most common one in the catches appeared 
to be the Greenback Mullet which is common and of commercial interest 
in mangrove habitat throughout south-east Asia, including Indonesia 
(Sasekumar 1978; Chong et al. 2004; Sukardjo, 2004). All Ariidae 
specimens were listed and analysed as though they were Spotted Catfish, 
Arius maculatus, a commonly occurring, important, medium-priced 
commercial fish, throughout south-east Asia (Sumaila et al., 2007; 
Mazlan et al., 2008). 

The species targeted and caught by the three different gears differed 
greatly (Table 2). For lift nets, 95% of the catches realized were 
composed of only two species, the Greenback Mullet (84%) and Milk
fish. Fishing rods targeted especially bottom-dwelling predators. These 
catches were dominated by Barramundi (38%) Gray Eel-catfish (31%) 
and Goldsilk Seabream (12%) followed by Orange-spotted Grouper 
(7%), Pickhandle Barracuda (6%) and several snappers (5%). Finally 
drift gill nets caught principally Greenback Mullet (47%), Milkfish 
(31%) and Barramundi (9%) and a wider variety of other fishes. 

In addition to different species compositions, the different gears also 
demonstrated different catch efficiencies (Table 3). Drift gillnets had the 
highest catch per unit of effort (CPUE) of all three gears and averaged 
1.00 kg of fish per hour spent. Next was the lift net which yielded an 
average of 0.42 kg of fish per hour. The lowest catch rates were found in 
hook and line fishing, which averaged 0.26 kg/h, albeit with a large 
standard deviation. The fish species caught differed significantly in 
market value. The 2017 market prices per kilogram were as follows: 

Spotted Scat: 16,000 IDR (1.10 USD); mullets: 20,000 IDR (1.38 USD); 
barracudas: 24,000 IDR (1.65 USD); Milkfish and Gray Eel-catfish: 
30,000 IDR (2.06 USD) (exchange rate used: 1 USD = 14,539 IDR). 
We calculated the approximate market value for 12 individual catches 
for which full pricing of the catch was possible (and including one zero 
catch), expressed as value caught per hour spent fishing (Table 4). All 
these were for drift- and gill nets as used by professional fishers (i.e. 
excluding handlines). Based on average fish market prices, and docu
mented fish catches, fishing with drift nets or lift nets can generate a 
rough market retail value of 1.50 ± 1.11 USD/hr. Assuming that (as 
reported for Aceh province) the fisher earns 70% of the retail value 
when selling to the market retailer (Wisibono and Sualia, 2008) this 
implies 1.05 ± 0.82 USD/hr worth of catch in Timbulsloko. 

Table 5 compares the measured mean size in the fish catches with the 
mean size at maturity as reported in the literature. For 12 of the 25 
species documented, the mean size in the catch was found to be lower 
than the average or minimum size of maturation. This was particularly 
the case for large predatory species such as the Barramundi, snappers, 
Orange-spotted Grouper, and also for the single important sparid spe
cies, the Goldsilk Seabream. Only one principal predatory target species, 
the Gray Eel-catfish, was caught at an average size above its size of 
maturation. Also two non-target species were mainly caught at sizes 
below the size of maturation (Spotted Scat and Jarbua Terapon). Neither 
of these are high value food fish but, nevertheless, Jarbua Terapon is 
considered to be overfished in Indonesia (Srikandace et al., 2017). 

3.3. Temporal trends in mangrove development and lift net fishing 

The increase in mangrove cover from 2005 through 2017 in the 
middle basin area of our study was exponential, large and highly sig
nificant (F = 98.87, df = 7, p = 0.0000). In addition, total mangrove 
covers were quite similar in all three basins with peaks being reached in 
2017 (Fig. 4). The middle basin, in which we collected our fisheries data, 
was the basin with the lowest total mangrove cover, peaking at just 
below 35 ha in 2017 (Fig. 3), which represented less than 10% of the 
total mangrove cover potential (assuming that mangroves would be 

Table 2 
Percentage catch contribution (by weight) for all species/species groups documented from three different gears used in artisanal nearshore fisheries in Timbulsloko. 
Principal species adding up to 94% or more of total catch for each gear have been underlined.  

Species Family English name Local name Lift net Hook and line Drift gillnet 

Acanthopagrus berda Sparidae Goldsilk Seabream Katombal 0.00 12.31 0.00 
Acentrogobius cf. nebulosus Gobiidae Shadowy Goby Bilir 0.00 0.00 0.25 
Ambassis sp. Ambassidae Glassfish – 0.16 0.00 0.00 
Arius cf. maculatus Ariidae Spotted Catfish Lundu 0.00 0.00 1.72 
Chanos chanos Chanidae Milkfish Bandeng 11.20 0.00 31.54 
Eleutheronema tetradactylum Polynemidae Fourfinger Threadfin Kurau 0.00 0.00 2.58 
Elops machnata Elopidae Tenpounder – 0.00 0.00 0.36 
Epinephelus coioides Serranidae Orange-spotted Grouper Gerape kuneng 1.70 7.34 0.00 
Gerres erythrourus Gerridae Deep-bodied Mojarra Kapas-kapas 0.00 0.00 0.05 
Johnius belangerii Sciaenidae Belanger’s Croaker Kekemek 0.00 0.00 2.27 
Lates calcarifer Latidae Barramundi Kakap putih 0.00 38.01 8.62 
Eubleekeria sp. Leiognathidae Ponyfish – 0.01 0.00 0.00 
Lutjanus fuscescens Lutjanidae Freshwater Snapper Kakap 0.00 1.02 0.00 
Lutjanus johnii Lutjanidae John’s Snapper Tambangan 0.06 3.87 0.00 
Lutjanus russelli Lutjanidae Russell’s Snapper Aba 0.00 0.30 0.16 
cf. Planiliza subviridis Mugilidae Greenback Mullet Belanak 84.43 0.00 46.89 
Mullid sp. Mullidae Goatfish – 0.00 0.00 0.31 
Oreochromis mossambicus Cichlidae Mozambique Tilapia Mujahir 0.00 0.00 0.65 
Mudskipper spp. Oxudercinae Mudskippers Blodok 0.17 0.00 0.19 
Parapocryptes cf. serperaster Gobiidae Goby – 0.65 0.00 0.00 
Plotosus canius Plotosidae Gray Eel-catfish Sembilang 0.00 31.29 0.00 
Scatophagus argus Scatophagidae Spotted Scat Kiper 1.62 0.00 2.47 
Siganus javus Siganidae Streaked Spinefoot Beronang 0.00 0.00 0.63 
Sphyraena cf. jello Sphyraenidae Pickhandle Barracuda Alu-alu 0.00 5.87 0.00 
Strongylura strongylura Belonidae Spottail Needlefish Longkong 0.00 0.00 0.96 
Terapon jarbua Terapontidae Jarbua Terapon Ikan kerong 0.00 0.00 0.33     

100.00 100.00 100.00  

Table 3 
Average catch (kg), time spent (min) and catch per unit effort (CPUE) for three 
different gears used in artisanal fisheries in Timbulsloko.  

Gear type N Average catch Average time spent CPUE   

kg (±SD) min (±SD) kg/hr (±SD) 

Lift net 8 1.16 1.15 165.00 64.14 0.42 0.57 
Hook and line 13 0.65 1.17 152.31 128.01 0.26 1.16 
Drift gillnet 17 2.39 2.05 142.94 85.20 1.00 0.76  
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allowed a full 100% recovery in this basin). 
With exception of the two lift-net installations present in 2012, there 

was no significant development in lift-net fishing directed at juvenile 
mullets until 2015 beyond the zero level. Thereafter, this type of fishing, 
however, developed very rapidly (Fig. 3; F = 85.22, df = 4, p = 0.0027). 
The number of lift-net installations counted from satellite images of the 
two tidal rivers increased markedly from 8 in June 2015, to 14 in 
February 2016, 32 in September 2017 and 38 in April 2018. The in
crease in lift-net fishing did not closely follow mangrove recovery but 
only started after mangrove recovery was well underway and increased 
in a constant linear fashion instead of at an increasing exponential rate 
(Fig. 3). Damastuti and De Groot (2017) studied mangrove-associated 
fisheries up to 2014 in the same area but made no mention of any sig
nificant fishing activity targeting finfish. They spoke only of two types of 
mangrove-associated fisheries which they termed “crab fishers” and 
“mudskipper fishers”. In addition to what the fishers had indicated in the 
interviews, this provided independent corroboration of our results that 
lift-net fishing in the tidal rivers was practically non-existent prior to 
2014. 

4. Discussion 

Mangrove forests support livelihoods by providing food, timber, 
charcoal materials for local art and handicrafts as well as ecotourism 
possibilities (Armitage, 2002; Debrot et al., 2020). In addition, and more 
importantly, they provide coastal protection, fulfil essential ecological 
functions such as that of entrapping pollutants, nutrients and sediments 
and provide nursery and spawning habitat for important coastal fishery 
resources (Nagelkerken et al., 2008; Kimirei et al., 2013; Hutchison 
et al., 2014). Indonesia has lost about 40% of its mangroves since the 
1980s (FAO 2007) but total losses for Java are around 70% (Ilman et al., 
2016). Thanks to internationally increasing awareness regarding their 
ecological and socioeconomic significance, mangroves are seen as a NbS 
for ensuring coastal protection of tropical muddy coastlines (Lewis and 
Brown, 2014; Primavera et al., 2014; Winterwerp et al., 2020; Dey et al., 
2021). Several recent studies show that the economic value of man
groves can far exceed the economic value of the same land used for 
aquaculture (Carandang et al., 2013; Malik et al., 2015) and that the 

economic benefits of rehabilitation (in the Philippines) also exceed the 
investment costs (Agaton and Collera, 2022). Even so, acquiring support 
and finances for mangrove rehabilitation remains challenging and the 
need for support and in-kind input from those coastal communities most 
affected by mangrove loss is essential. This requires a demonstrable 
causal link between mangrove recovery and the recovery of livelihoods. 
In this study we use a combination of several independent methods and 
datasets (questionnaire-based interviews, assessments of developments 
in mangrove cover, catch assessments, lift net counts and a comparison 
with a published socio-economic reference study for the same area) to 
describe and assess the relationship between mangrove restoration and 
recovery of mangrove fishing as a local livelihood alternative. 

The actual ecosystem contribution of habitat restoration (or recov
ery) in terms of on-site “production” are often confounded by “attrac
tion” from adjacent areas (Da Costa et al., 2021; Hylkema et al., 2021). 
However, our results strongly suggest that the documented local in
crease in fishing productivity was most likely due to a local increase in 
habitat “productivity” resulting from mangrove rehabilitation and not 
due to “attraction”, which effectively would have meant depletion of 
fish resources from adjacent areas. Not only were the (mainly) juvenile 
fishes caught likely to have originated locally (as opposed to having 
swum in from farther away as adult fishes might), the basin also was not 
a unique or “isolated” mangrove area. Both flanking mangrove basins 
(one to the north and another to the south) showed highly significant 
exponential increases in mangrove coverage over the same study period 
(Fig. 4). As mangroves were thus well-represented in the flanking basins, 
the middle basin in which we documented fish catches should not have 
exerted any special “extra” attraction to fish to “artificially inflate” 
apparent fish abundance compared to the adjacent basins. Finally, if the 
documented increase in fishing had simply been based on more (adult) 
fish being attracted from the wider surroundings to the mangroves and 
not due to actual local productivity, then, fishing activity would have 
likely tracked mangrove development more closely. Adult fish are able 
to respond very rapidly to (new) habitat availability. Hence, as ecolog
ical processes of recovery necessarily involve time, the significant time 
lag we documented between mangrove recovery and actual fisheries 
recovery is further evidence of an actual ecological process having taken 
place. So while several studies already demonstrate a positive 

Table 4 
Approximate (2017) market value revenue in IDR (1 USD = 14,539 IDR) per unit of fishing time spent for twelve net-based catches for which full market-price 
valuation was possible, including (a single) zero catch.  

Nr Gear Species Caught Market price Market value Time Revenue    

kg IDR/kg IDR min IDR/hr 

1 Lift net Muglilidae 3.5 20,000 69,472 120 36,736 
2 Lift net Muglilidae 0.9 20,000 18,418 150 18,996   

Chanos chanos 1 30,000 29,072   
3 Lift net Muglilidae 1.4 20,000 27,297 240 7,180   

Scatophagus argus 0.1 16,000 1,421   
4 Lift net Muglilidae 1.4 20,000 28,046 840 2,003 
5 Lift net Chanos chanos 0.3 30,000 7,689 30 15,379 
6 Lift net None 0   120 0 
7 Drift gillnet Chanos chanos 3.1 30,000 91,842 180 30,614 
8 Drift gillnet Muglilidae 7.1 20,000 142,900 240 46,536   

Scatophagus argus 0.3 16,000 4,773     
Chanos chanos 1.3 30,000 38,469   

9 Drift gillnet Scatophagus argus 0.1 16,000 2,132 120 9,731   
Chanos chanos 0.4 30,000 12,823     
Muglilidae 0.2 20,000 4,507   

10 Drift gillnet Chanos chanos 4 30,000 120,066 210 45,231   
Muglilidae 1.9 20,000 38,243   

11 Drift gillnet Muglilidae 0.7 20,000 13,521 240 18,241   
Chanos chanos 2 30,000 59,443   

12 Drift gillnet Muglilidae 0.7 20,000 13,521 60 33,372   
Chanos chanos 0.7 30,000 19,851       

Average revenue IDR/hr 22,002  

A.O. Debrot et al.                                                                                                                                                                                                                               



Estuarine, Coastal and Shelf Science 267 (2022) 107761

8

correlation between fish abundance and mangroves (e.g. Anneboina & 
Kumar 2017; Das, 2017), our “landscape-level” experiment approach to 
mangrove restorations has gone one small step further towards estab
lishing a causal connection between mangroves and fisheries 
production. 

Many studies on artisanal fisheries rely heavily on answers vol
unteered by fishers and these may be unreliable, especially if fishers fear 
that their answers could result in increased tax or management re
strictions (e.g., Johnson, 2011). In our case, response rates to individual 
questions varied considerably from very high (96%) to relatively low 
(29%). This suggests that our 51 respondents felt little pressure to 
answer questions they could not or did not wish to answer and that the 
results of our questionnaire-based interviews provided an accurate 
assessment of fisher characteristics and views at the time of the survey. 
Clearly, mangrove recovery in our study area was still in the early stages 
as by 2018 less than 10% of its ultimate potential in the 419 ha back
water basin considered had been attained. Our study thus documents 
mangrove and mangrove-associated fisheries recovery trends and fisher 
views in the early stages of mangrove recovery. At the point in time of 
our creel survey (three last months of 2017), catch rates for the two most 
important mangrove net fisheries compared favourably to shrimp pond 
culture in terms of income per hour of effort, and thus served as a 
profitable alternative income source for the local community. However, 
only roughly half of the fishers were from the immediate surroundings 
while the other half came from far away. It was also clearly a “new” type 
of fishery, as not only indicated by the fishers themselves but also as 
corroborated by the study of Damastuti and De Groot (2017). In their 
study, which was conducted in 2014–2015 with 500 respondents from 
Timbulsloko and surrounding villages, only three individuals partially 
targeted mudskippers as the only mentioned finfish caught in mangrove 
areas (Damastuti and De Groot, 2017). Thus mangrove-associated fish
ing that targeted finfish had increased from practically zero in 
2014–2015 (Damastuti and De Groot, 2017) to being a profitable live
lihood option at the time of our survey at the end of 2017. Even though 
actual fish stock abundance was not measured, we interpret the increase 

in lift-net fishing activity, and what the fishers themselves had indicated, 
to also mean that that the underlying fish stock abundance had likely 
also increased. This might explain how this “new” fishery option could 
have become interesting enough to attract many fishers from far beyond 
the local villages. 

The results further showed that the linear increase in lift-net fishing 
initially lagged significantly behind compared to exponential mangrove 
recovery. Mangrove recovery was in fact already well-underway (Fig. 3) 
before lift-net fishing activity took off after 2014. If the increase in 
fishing had been due to more large fish being attracted from the sur
roundings to the mangroves and not due to local productivity, then, 
fishing activity would have likely tracked mangrove development more 
directly. However, it cannot be excluded that the lag in lift-net fishing 
might also have been due the time it took fishers to discover this new 
opportunity. We do not think the latter is a likely explanation because 
fishers in need of income would probably be very keen to key into any 
such new opportunities and the use of lift nets is widely practiced and 
well known to all. Moreover, for the inhabitants of our study area, 
financial reasons have been consistently found to be the strongest driver 
of occupational transitioning (Joseph et al., 2013). 

While our results thus support the likely causal link between 
mangrove rehabilitation and ecosystem services relating to fisheries 
production, a few qualifications are important. Mangrove recovery in 
the study area involved many different initiatives. Therefore, any pat
terns detected in mangrove or associated fisheries recovery can clearly 
not be ascribed to any specific mangrove initiative but only to the cu
mulative efforts, as also even influenced by partial natural recovery. Our 
study was a landscape-level assessment for which statistical replication 
is generally problematic (Cunningham and Lindenmayer, 2017). Hence 
this work does not hold up to the standards of a carefully designed and 
replicated experiment that can formally prove or disprove cause and 
effect relationships between the observed increases in mangrove and 
fishing activity and the assumed underlying increase in fish abundance. 
Our data collection was further limited to the onset of the rainy-season 
and only considered diurnal fishing, whereas some nocturnal and/or 

Table 5 
Mean size in catch, mean size at maturity and asymptotic maximum size (L∞) for fish species caught in artisanal nearshore fisheries in Timbulsloko.  

Species Mean size in catch Mean size at maturity L∞ Source  

cm (±SD) cm cm  

Acanthopagrus berdaa 16.4 3.8 20–22 90 Fishbaseb 

Acentrogobius cf. nebulosus 22 – – 18 Fishbase 
Ambassis spp. 7 0 – –  
Arius cf. maculatusa 21.3 3.2 >38 80 Fishbase 
Chanos chanosa 32.2 7 68–70 180 Fishbase 
Eleutheronema tetradactylum 22 0 20 200 Pember (2006) 
Elops machnataa 42 7.1 50 118 Adams et al. (2014) 
Epinephelus coioidesa 22 4.1 25–30 120 Fishbase 
Eubleekeria spp. 3  – –  
Gerres erythrourus 12 – <10 30 Sivashanthini et al. (2008) 
Johnius belangerii 20 7.58 >9 30 Fishbase 
Lates calcarifera 38.9 13.3 60–70 200 fao.org/fishery/ 
Lutjanus fuscescensa 17 – 38.7 90 Allen, 1985/Jose et al., (2016) 
Lutjanus johniia 17 14.1 41.9 97 Allen (1985) 
Lutjanus russellia 14.5 3.5 21.5 50 Allen (1985) 
cf. Planiliza subviridis 20.4 7.2 >14 40 Coad (2016) 
Oreochromis mossambicus 22 – 15.4 39 Fishbase 
Mudskippers 13.25 2.5 – –  
Parapocryptes cf. serperaster 14.5 3.5 – 23 Fishbase 
Plotosus canius 44.6 11.3 36.5 150 Khan et al. (2002) 
Scatophagus argusa 12.4 1 >14 38 Fishbase 
Siganus javus 14.5 5 – 53 Fishbase 
Sphyraena cf. jello/barracudaa 42 – >36.5/72 150/200 Hosseini et al., 2009/Kadison et al., (2010) 
Strongylura strongylura 51 12.7 – 51.8 Karna et al. (2017) 
Terapon jarbuaa 12 0 21 36 Nandikeswari (2016)  

a indicates species being caught with a smaller mean size than their mean size at maturity. 
b http://www.fishbase.org/. 
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crepuscular hook and line fishing also occurs but was not included. 
Finally, the study area is likely also subject to varying degrees of land 
subsidence caused by one or more of a combination of natural consoli
dation of soil layers, building loads or groundwater extraction, similar to 
the situation in the nearby city of Semarang (Abidin et al., 2013; 
Chaussard et al., 2013). If such is the case, then any recovery of fisheries 
might also be partly due the increase of water quality and water ex
change due the increase in water depth. Hence, alternative explanations 
for the increase in fishing activity can clearly not be ruled out. It is good 
to point out that several other types of fishery take place in and around 
the mangroves or offshore of the study area and may have also experi
enced positive feedback from mangrove recovery (Sarwanto et al., 2016; 
Damastuti and De Groot, 2017; Hapsari et al., 2017). As our study 
focussed on only finfish catches closely associated with mangroves, it is 
certain that our study only documented a small part of the total potential 
positive effects that mangrove recovery likely had on the fisheries of 
importance to the villages. In fact, Carandang et al. (2013) showed that 
in different mangrove forest settings in the Philippines, the marketable 
value of fish associated with mangroves were well-superseded by the 
value of crabs, molluscs and shrimp, in that order. 

Tropical coastal communities reliant on small-scale fisheries are 

among the most vulnerable to climate change (Cinner et al., 2018). Such 
fisheries dominate the fisheries sector in Indonesia (Sularso, 2008) and 
in some areas more than 90% of fishing activity is conducted without 
boats (Sarwanto et al., 2016). However, very few studies give insight 
into such near-coastal fisheries. Dudley and Tampubulon (1987) provide 
baseline information on seine- and lift-net fisheries of the north coast of 
Java but give no information on fisheries that take place in direct as
sociation with mangroves. Therefore, a few comments are certainly in 
place regarding the species documented in the catches. Sukardjo (2004), 
Kusmana (2014) and Sihombing et al. (2017) reviewed the status of 
Indonesian mangroves and resources and conclude that, depending on 
the location, the most important species of commercial interest from 
mangrove areas were Mugilidae spp., Milkfish, tilapia (Cichlidae spp.), 
snappers (Lutjanidae spp.) and Barramundi. Our results largely corrob
orated these general findings. Greenback mullet (84%) and Milkfish 
were the principal species caught in lift nets. In the surrounding areas, 
Milkfish are cultured in the backwater pond areas so it remains a 
question whether the Milkfish documented in the coastal catches 
represent true natural production or whether they might represent 
spill-over from culture in the backwater areas. In our case tilapia 
(Mozambique tilapia) was caught only once. We ascribe the low 

Fig. 3. Exponential increase in mangrove cover in the 419 ha middle basin since 2005, with a zero lift-net trend till 2014, followed by a strong linear increase in lift 
net fishing targeting finfish after 2014. Exponential fit: y is mangrove cover (ha) and x is year with 2005 as year 1. 

Fig. 4. Exponential increases in mangrove cover in northern and southern adjacent basins mirror the mangrove increase seen in the middle basin. Exponential fits: y 
is mangrove cover (ha) and x is year with 2005 as year 1. 
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abundance of tilapia spp. in our documented catches to the generally 
high salinity of the areas where the fishing in this study took place. 

The principal species caught by hook-and-line were Barramundi, 
Gray Eel-catfish and the Goldsilk Seabream followed by Orange-spotted 
Grouper, Pickhandle Barracuda and several snappers. These are gener
ally high-value predatory species. Gray Eel-catfish was stated as the 
most cherished target species by the fishers and was the second-most 
important species (by weight) in the catches. This species is also very 
important elsewhere in southeast Asia such as nearby Malaysia where it 
comprises 21% of the commercial landings along the west coast and 
where hook-and-line accounts for 20% of the total landings of the spe
cies (Leh et al., 2012). 

Drift gill nets caught principally Greenback Mullet (47%), Milkfish 
(31%) and Barramundi (9%) as well as a wider variety of other fishes. 
Interesting among these were especially: Belanger’s Croaker, listed as 
important in small scale fisheries by Chong et al. (1990), Simanjuntak 
and Rahardjo (2001), Sukardjo (2004) and Sitorus et al. (2017) and the 
Fourfinger Threadfin, mentioned elsewhere also by Salini et al. (1998), 
Pember (2006) and Nesarul et al. (2014). According to the fishers, the 
gear they used in this area had dramatically changed since 2014 from 
mainly scoop net fishing (for shrimps) to hook-and-line, lift-net and drift 
gillnet fishing. This is corroborated by the fact that this kind of fishing 
was not (yet) recorded from mangrove areas in the 2014–2015 study by 
Damastuti and De Groot (2017). Shrimp and other crustaceans have 
remained abundant in the mangrove rehabilitation area but are also a 
key food source for many of the large predatory fish that visit these areas 
such as snappers (Kiso and Mahyam, 2003; Nuraini et al., 2007), 
Barramundi, Fourfinger Threadfin (Salini et al., 1998), and Belanger’s 
Croaker (Simanjuntak and Rahardjo, 2001). All these species were 
documented in the catches. Now that the latter species have begun to 
recover in abundance, fishing activity in the mangrove channels appears 
to have quickly redirected itself to these larger more valuable com
mercial species instead of the small shrimp. 

Based on average fish market prices, and documented fish catches, 
fishing with drift nets or lift nets generates about 1.05 ± 0.82 USD/hr 
worth of catch in Timbulsloko. This compares favourably to restored 
mud crab fisheries thanks to mangrove rehabilitation in Aceh province, 
which generated 5.16 USD/fishing night (Wisibono and Sualia, 2008) 
two years after replanting took place. In Aceh, fishing was recorded to 
generate an income of 4.82 USD (70,000 IDR) per fishing day, or 0.54 
USD/hr (8,750 IDR), assuming 8 h of fishing effort per day (Wisibono 
and Sualia, 2008). With our estimated catch rates of 1.05 ± 0.82 
USD/hr, fishing (with lift and or gill nets and excluding handlines) as an 
income-generating activity compared favourably to aquaculture in 
terms of (net) income yield (0.67 ± 0.53 USD/hr, assuming a 40-hr work 
week) as currently generated by aquaculture activities in Timbulsloko 
(Ariyati et al., 2016). 

5. Conclusions 

By means of several independent lines of evidence (questionnaire- 
based interviews, measurement of catch characteristics, lift net counts, 
measurement of developments in mangrove cover and comparison to a 
published baseline socio-economic and fisheries assessment) we show 
that in our study area, proven mangrove recovery was accompanied by a 
large and rapid increase of mangrove-associated fishing activity tar
geting finfish. 

Fishing generated about 1.05 ± 1.11 (SD) USD/hr worth of catch to 
professional fishers. As per 2017, fishing had become a profitable 
alternative source of income in our study area, whereas this kind of 
fishery practically did not exist prior to 2014 (Damastuti and De Groot, 
2017). At the time of our study, mangrove cover was less than 10% of its 
ultimate cover potential and the rate of increase was exponential, as is to 
be expected in an early stage of recovery. If mangrove recovery is 
allowed to continue successfully in the area, and as long as overfishing 
does not become excessive, a similar survey as ours in the near future 

should be able to document a further increase in yields and 
size-structure for mangrove-associated fish species. Therefore, we can 
strongly recommend a follow-up study to be conducted in a few years as 
well as in different seasons to assess if recovery will indeed continue on 
course. 

Our findings are of significant socio-economic value. Many muddy 
coastal areas have been deforested and overexploited in the past, 
resulting in serious coastal erosion, increased environmental vulnera
bility and loss of livelihoods (Abidin et al., 2013; Chaussard et al., 2013; 
Joseph et al., 2013; Tonneijck et al., 2015; Akber et al., 2018). The need 
to restore mangroves is urgent but a parallel development of sustainable 
and mangrove-friendly livelihood alternatives (e.g., Rejeki et al., 2012; 
Alam et al., 2021; Islam et al., 2021) is essential for mangrove restora
tion to be successful in the long-term. Without alternatives the in
habitants will have little other option than to revert to their old 
unsustainable practices of mangrove removal (Debrot et al., 2020). In 
this regard, the development of profitable mangrove-associated fisheries 
in our study area is particularly encouraging. 

Our results finally also highlight two major management challenges 
for rehabilitation projects. First we point to the lag between mangrove 
recovery and the ensuant development of mangrove finfish fisheries as 
found in this study. While mangrove restoration activities and mangrove 
recovery in our area had begun as early as 2001 (Damastuti and De 
Groot, 2017), significant fisheries development only started after 2014 
(Fig. 3). Hence, patience and a long-term perspective with mangrove 
restoration are essential in order to witness ultimate fisheries effects. 
Secondly we note that fishers from wider surrounding areas responded 
quickly to the ability to obtain better catches in the rehabilitation area 
and were largely catching immature fish. Intensified fishing directed 
towards juvenile fish can be counter-productive and possibly result in 
both recruitment overfishing and growth-overfishing (sensu Ben-Hasan 
et al., 2021) and concomitant lower fishery yields. In addition, endan
gering the recruitment of the targeted (large, predatory) species could 
cause a number of additional unforeseen environmental disruptions of 
the coastal ecosystem. Thus our findings strongly support the need to 
actively manage fisheries in mangrove rehabilitation areas to avoid 
rapid fisheries overexploitation that could result in depletion and 
possible cascading negative effects for the whole coastal ecosystem. 
While at our site there was considerable community management of 
mangrove restoration, there was yet no management of mangrove 
fisheries. Overexploitation by fishers flocking in from elsewhere and 
causing local residents to miss the hard-earned benefits from the 
mangrove rehabilitation they supported could discourage the latter from 
continuing to support vitally-needed mangrove rehabilitation. 
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