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ABSTRACT

Overexploited by floating cage fishery and extreme wether condition due to global climate
change has caused ecosystem disater including massive fish kills, decrease in local/ endemic fish
population and deteriorated water quality in Lake Maninjau. Decrease in water quality including
eutrophication problems due to high input of organic matter and nutrient concentrations from the
excess feeding of floating cage fishery (FCF) has led the ecosystem of Lake Maninjau are susceptible
to climate change. The fact that Lake Maninjau is a tectono-vulcanic type of lake, the sulfide
production can cause oxygen defisit in the lower water column and with the extreme weather this
anoxic water column can be overturn to the surface and trigger even bigger disaster of fish kills. Fish
kills disaster in Lake Maninjau has occured more often since 1997 up to 2014 and has caused more
than thousands of tons fish dead and the farmer has lost billions of IDR (Indonesian rupiah) over the
years. The catch of local fish production hasl also been decreasing. Although floating cage fishery is
considered non-ecosystem based fishery for lake ecosystem, to get the cage fishery completely out
from the lake is impossible because it is considered the main economy for the people. The complexity
of the problems faced in Lake Maninjau requires a comprehensive management tools and inovative
ecosystem based technology to reduce disaster risk and to advance climate change adaptation.
Ecosystem based management tools proposed include determination of the numbers of FCF units
according to lake carrying capacity and the placing, determination of the fish loadings in one cage
using high nutritious efficient fish pellets, practice of lake resting (no fish loadings) during extreme
weather months (e.g. December — February), and application of layered fish cage fishery.
Development ecosystem based technology such as Attracting Fish Device Floating Wetland
(AFDFW) to serve as nursery ground and habitat protection for local/endemic fish and to reduce
nutrient and organic matter concentration in the lake to advance the climate change adaptation. In
addition, develop an early warning system tools such as determining the key parameters in critical
time (e.g. threshold dissolved oxygen concentration and water transparency) also help in disaster risk
reduction. Fundamental requirement is that developed ecosystem based management tools can be
incorporated into decision making in order to not only effective in reducing disaster risk in Lake
Maninjau but also effective in maintaining the stability of lake ecosystem to advance climate chage
adaptation and to enhance ecosystem services in lake.
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INTRODUCTION

Overexploited by floating cage fishery (FCF) and extreme wether condition
due to global climate change has increased the risk of ecosystem disater including
massive fish kills, decrease in local/ endemic fish population and deteriorated water
quality in Lake Maninjau. Decrease in water quality including eutrophication

problems due to high input of organic matter and nutrient concentrations from the
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excess feeding of floating cage fishery has led the ecosystem of Lake Maninjau are
susceptible to climate change. The fact that Lake Maninjau is a tectono-vulcanic
type of lake, the sulfides production can cause oxygen defisit in the lower water
column and with the extreme weather this anoxic water column can be overturn to
the surface and trigger even bigger disaster of fish kills where the phenomenon
known to be called as “’tubo belerang” by the local people (Henny, 2009). When the
phenomenon occurred the water surface was anoxic with 0 g/L. dissolved oxygen
(DO) and smelled like sulfur and very odorous like rotten egg. Fish kills disaster in
Lake Maninjau has occured more often since 1997 up to 2014 and has caused more
than thousands of tons fish dead and the farmer has lost billions of IDR (Indonesian
rupiah) over the years. Compared to reservoirs which also have been overexploited
by floating cage fishery, such as Cirata and Jatiluhur, the risk of fish kills disaster in
Lake Maninaju is massive due to sulfides content in lake and its long retention time
of 25 years (Henny, 2009; Fachrudin,2001).

Water quality in Lake Maninjau has been worsening over the years due to
accumulation of pollutants such as nutrients and organic carbon compounds from the
excess feeding and fish feces of the KJA. High organic carbon compound has
increased to high sulfide production in the hypolimnion layer and lead to anoxic
water column in the upper layer (Henny, 2009; Henny and Nomosatryo, 2012a). The
implications of the production of hydrogen sulfide in the lake not only cause the
oxygen depletion and loss of free iron in the water but also lead to the phosphate
release from the sediment, which subsequently cause the accumulation of phosphate
in water bodies and result in the lake eutrophication (Henny and Nomosatryo,
2012a). High nutrient concentrations were reported in several area of floating cage
fishery which could trigger the eutrophication problem (Sulawesty et al, 2011).
Severe eutrophication problem has been recorded after massive fish kills occurence
in Lake Maninjau with indication of toxic algae blooms of mycrocystis (Sulastri et
al., 2001). The trophic status of Lake Maninjau was varied over the years ranging
from meso to eutrophic (Henny and Nomosaryo, 2012b).

The aim of this paper is to elucidate the main problems causing ecosystem
disaster and the fish kills and to propose the possible environmentally sound

remedies to reduce the risk of disasters in Lake Maninjau.
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Main threats affecting ecosystem disaster in Lake Maninjau

The health of ecosystem of lake Maninjau decreasing from time to time
observing from the water quality and the local fish production. Several previous
research have shown increasing anoxic water layer above 10 meter depth due to
accumulation of organic matter and increasing of hydrogen sulfide production
(Henny, 2009), increasing nutrient as TN and TP and decreasing status tropic from
meso to eutrophic (Henny and Nomosatryo, 2012b) and decreasing local fish
production (Henny and Hamdani, 2013).

One of the main cause that has impact on decreasing of the ecosystem health
of L. Maninjau is overexploitation of floating cage fishery (FCF). Growing FCF in L.
Maninjau since 1990s and the number of cages exceeding the lake carrying capacity
has lead to ecosystem disaster and fish kills problem. The number of fish cages
increseas every year from less than 100 units to more than 10,000 units in 2008 up to
recent time (Figure 1). The first fish kills disaster occurred in 1997 where the number
of fish cage were about 3500 units (Syandri, 20000). The incidence was suspected to
happen due the extreme weather combined with synergistic effect of elevated sulfide
and oxygen deficit that was uplifted to the water surface. However, more fish kill
incicence occurred after 2008, and the incidence happened more than once every
year. The exceeding number of fish cages have been believed the cause of this
incidence took place. The number of cages allowed based on the calcualtion of lake
carrying capicity were only 6000 (Hartoto and Ridwansyah, 2001). Since 2005 the

number of cages have been exceeding more than the numbers allowed.
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Figure 1. The develoment of number of fish cages in 12 year perios in Lake

Maninjau (source: University of Muhammadiyah (for data in 1992 —
2008); Antara News (for data in 2014); Suara Pembaharuan (for data in
2014)

Organic and Toxic Sulfide Pollution

High inputs of organic waste from the excess feedings of floating cage
fishery over the years has caused the acccumulation organic matters in the lake
sediment. Concentration of organic content as COD in the water increased around
80% from 2006 to 2009. Indication of accumulation of organic matters in the lake
sediments could be observed from the the accumulation of solids. Total and volatile
solids in the sediment of L. Maninjau form 2006 to 2009 increased more than 70 % .
C-organic concentration in lake sediment reached to 700 g/kg (Henny, 2009). The
accumulation of solids in the sediment indicating that only small portions of solids
were transported out of the lake, and the accumulation will increase even more now
with the growing number of fish cages.

Excess organic matter would trigger more microbial activity in the lake that
can lead to oxygen deficit and elevated sulfides concentrations in lake. Organic
matter degradation in the water and the sediments will consume the oxygen
available. When the concentration of organic matter exceeds the concentarion of
oxygen needed, the oxygen depletion will occur. When there is no oxygen the excess
organic matter as organic carbon will be oxidized by coupled with reduction of
sulfate, ferric iron, nitrate by other types of microorganism such as sulfate reducing

bacteria (SRB), iron reducers and denitrifyers (Wetzel, 2001; Widdle, 1988). Lake
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Maninjau is a caldera type of lake that the lake contains sulfate in its water and
sediment. The implication of high organic matter inputs in the lake is increase in
sulfide production and furthermore causing more anoxic waer column. Sulfide
concentration at depth of 40 m reached level of 400 pg/L and the anoxic water
column reached at depth of 20 m. However, in 2011 the anoxic layer of water
column reached to < 10 m depth. (Henny, 2009; Henny dan Nomosatryo, 2012).
Elevated hydrogen sulfide, one of sulfide species, with concentrations of > 2 pg/L is
toxic to aquatic organisms (Weiner, 2000). Hydrogen sulfide concentration in lake
Maninjau in water column of 20 — 40 m depth was 10 - 120 pg/L (Henny, 2009).
This result indicated that in condition with no light during day time and limited
oxygen production from the photosynthesis, the elevated sulfide could diffuse to the
water surface causing oxygen depletion and subsequently leading to fish kills in fish
cages. The extreme weather with heavy wind also has been suspected can cause
mixing and consequently resulting in upwelling-downwelling process where the
deeper water column conataining sulfide and anoxic will be uplifted to the water
surface and lead to fish kill disaster in L. Maninjau (Apip et al., 2003). This
phenomenon has been called by the local people as tubo belerang”.

Impact of elevated sulfides concetration in lake depending on the
hydrochemistry of lake can cause the loss of iron and internal phosphorus release
from the sediment that can stimulate the internal eutrophication (Hines et al, 200;
Wetzel, 2001; Smolders et al., 2006). Henny and Nomosatryo (2012 a) indicates that

L. Maninjau constantly produce sulfides and release phosphorus from its sediment.

Nutrients pollution and eutrophication

The waste from excess feeding of FCF in a large amount is entering the lake
directly that cause enrichment in nutrient and lead to water quality deterioration (Yee
et al., 2012; Guo and Lie, 2003; Garg and Garg, 2002). The main source of nutrient
input in Lake Maninjau has known from the FCF counted around 400 ton/year.
Ninety five percents of nutrient waste load as nitrogen and phosphorus that enters the
lake was from FCF and small percentage of waste from other sources such as

domestic waste, agricultural run-off and detergent (Figure 2).
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Figure 2. Total and percentage of nitrogen and phosphorus waste load to Lake

Maninjau in 2006 (source: Research Institute of Muhammadiyah University)

Concentration of total nitrogen (TN) in lake water varies with time but
concentrations of total phosphorus in L. Maninjau tend to increase from time to time
both in epilimion and hypolimnion layers. High phosphorus concentrations in the
hypolimnion indicates constant internal P loadings from sediment release that can
contribute to higher P concentration in the epilimnion layer. Annual trend of total
phosphorus was followed by chlorphyll-a trend indicating the bloom of green algae
population. The status trophic of Lake Maninjau changed from mesotrophic in 2007
to eutrophic since 2008 (Henny and Nomosatryo, 2012b). High nutrient in lake
water also caused the bloom of blue green algae which known as toxic to fish.
Population of blue green algae counted more tan 40 up to 60% in almost all areas
especially near the FCF (Sulastri et al 2012). Both internal and external loading of
phosphorus has prolonged Lake Maninjau in condition of eutrophic state and poor
water quality. Although both nitrogen and phosphorus is increasing in L. Maninjau,
usually phosphorus is a limiting factor that control blue green algae bloom.
Schindler, et al (2008) indicated that in order to reduce eutrophication problem, the
focus of management must be on decreasing inputs of phosphorus not nitrogen.
Eutrophication problem is one of the complicated problems that require

comprehensive solution.
Fish kills occurences

In the early period of no cage for fishery (FCF) before 1997, the lake has

never experienced any fish kills although the occurrence of phenomenon of tubo
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belerang has been reported by the local people. When the phenomenon of tubo
belerang occurred during this period the local fish were not totally affected, instead
they were all in the water surface in intoxicating condition, making it easier for local
people to catch the fish. The phenomenon of tubo belerang had been reported by
local people to occur every 10 years due to extreem whether condition and when it
happened it turned out to be blessing for the local people because they could get a
big catch of local fish.

FCF had been intrduced in Lake Maninjau in 1992 and continuesly developed
untill now. The hydropower installation in the lake made the water outlet was shut,
meaning that the lake water only flowed out form the lake under the hydro turbine
which was below 10 m, while the surface water was trapped in lake which caused the
toxic algal blooms. The first massive fish kills took place in 1997 which was caused
by decreasing water quality and was triggerred by the extreem weather condition.
The lake condition was in eutrophic condition with indication of toxic algal blooms
(Syandri, 2000). After the fish kills disaster, the activity of FCF had been downsized
and some mangement strategies were made including opening the weir at the outlet
near the hydropower (Sulastri et al, 2012). However, in 2006 the numbers of FCF
increased to more than 10,000 units and the water quality of lake decreased again
with the trophic status change from meso to eutrophic to meso trophic (Triyanto et al,
2006). Massive fish kills occurred again in 2009 with big economic lost (R.C.
Limnology, 2009). Since then the fish kills occurred several times every years up to
now. The number of fish kills and economic lost from 1997 to 2014 can be observed

in Figure 1.
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Figure 3. The number of fish kills and economic lost in lake Maninjau (sources:
Syandri (2000), RCL (2009), Republika (2014))

Remedies to reduce the risks of ecosystem disaster in Lake Maninjau

There are several existing lake management tools and technology that can be
adopted to reduce the risks of ecosystem disaster in Lake Maninja. Some even have
been introduced to be evaluated however the lack of attention from the local
authority and/or decision makers has contributed to even bigger disaster. One of the
complex problems is no regulation issued on the number of FCF units allowed and
placing the FCF in Lake Maninjau. The FCF has been growing over the years. Based
on morphology of Lake Maninjau the water flows from the closed side with the steep
depth like a dead zone to the other side at the only lake outflow and shallower area.
Therefore the unit of FCF has to be placed properly near the area affected by flow or
near the outlet area in order to flush out the excess fish pellets and waste from FCF to
prevent the accumulation of waste. Placing and the number FCF units allowed should
meet the lake carrying capacity. The number of cages allowed based on the
calcualtion of lake carrying capicity were only 6000 (Hartoto and Ridwansyah,
2001).

Double layered floating cage fishery (FCF) had been introduced in Lake
Maninjau to be evaluated in reducing the excess fish pellets from one layered FCF.
The schematic diagram of double layered FCF can be seen on Figure 4. The top
layered cage was filled with carps and the bottom layered cage was filled with
tilaphia. Fish pellets were fed to the carps and the tilaphia only got the food from the

excess pellets wasted from the top cage. The results indicated that double layered
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FCF increased fish production by 6%. The excess feedings were reduced and less
escaped to the bottom of the lake, however, the results did not quantify the reduction
of the excess feedings. The double layered FCF seemed to be hard to be built and
handled during harvest (Triyanto et al, 2005). Although it is a good alternative,

people still do not want to try out.
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Figure 4. Schematic diagram of double layered FCF (Triyanto et al., 2005)

Wetland treatment can be used to reduce the pollutants that are discharged
into the lake water. Surface, agricultural run-off and sewerage or domestic
wastewater can be collected in the channel and can be treated by using constructed
treatment wetlands (CTWs) in the lake catchment area before flowing into the lake.
CTWs are engineered wastewater treatment systems that comprise combined
biological, chemical and physical processes similar to processes in natural treatment
wetlands. There are several types of CTWs include FWS (free water surface), VSSF
(vertical subsurface flow) and HSSF (horizontal subsurface flow) and hybrid system
combined two or more of those types of wetlands (Kadlec and Wallace, 2009).
CTWs have been successfully used to treat wastewater by removing of pollutants
such as organic compounds, suspended solids, pathogen, metals and nutrients
(Kadlec and Wallace, 2009; Gikas et al, 2013). CTWs also have been used to treat
domestic sewage, industrial wastewater and agricultural and storm run-off and even
lake and river polluted water (Kadlec and Wallace, 2009; Mburu et al, 2013; Maine
et al, 2007; He et al, 2006; Li et al , 2008). Zhang et al, 2014 have been reviewed the
CTWs types used in developing countries and from their summary it has been

indicated that hybrid systems composed of VSSF and HSSF have better performance
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in removing suspended solids, organic compounds, and nutrients with > 80%
removal efficiency. Wetland systems in tropical area exposed to higher temperatures
and direct sunlight throughout the year that gave high plant productivity are more
efficient in removing the pollutants (Zhang et al, 2012).

Constructed treatment wetlands usually either use of free-floating aquatic
plants, or sediment-rooted emergent wetland plants. Another type of treatment
wetlands, floating treatment wetlands (FTWs), are innovative treatment concept that
employ rooted, emergent plants growing as a floating mat on the surface of the water
rather than rooted in the sediments. FTWs offer great promise small lake/ponds and
rainfall-driven storm water treatment applications because they are not so much
affected by fluctuations in water levels that may submerse and adversely stress
bottom-rooted plants (Zhang et al 2012; Auckland Regional Council, 2006). FTWs
not only have been used to improve water quality and to enhance habitat but also to
improve the aesthetic on the lake/ponds in urban landscape. FTWs have been used to
improve water quality of hyperuetrophic urban lake by reducing nutrient and solids
concentration nearly 50 % and therefore improve the trophic status of the lake
(DeBusk, 2005). FTWs have been use to treat storm water, agriculture and municipal
waste water (Auckland Regional Council, 2006; Stewart, 2008). Beside having
capability in reducing the pollutants, FTWs can also function as Attracting Fish
Device Floating Wetland (AFDFW) to serve as nursery ground and habitat protection
for local/endemic fish in the lake to advance the climate change adaptation.

Lake Maninjau has been in eutrophic condition since 2008, along with
sulfides containing water just below chemocline the lake condition can face oxygen
deficit at night, when all organisms including blooming algae will quickly use all
oxygen. The anoxic water will reach to the surface with lake mixing and cause the
fish kills. By reducing the nutrients in the lake water FTWs can reduce risk of
eutrophication and mintain oxygen level in the lake water during critical time in the
evening and hence bsy reduce the risk of fish kill. (FTWs) can be installed in the
shallow area of lake water intercepting channel inflow or near the FCF area where
the wave is not too big. FTWs have been evaluated in reducing nutrients and
suspended solids in an urban lake in Jakarta megacity (Henny et al, 2014). Figure 5

shows schematic of FTWs and FTWs application in an urban lake.
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CTWs and FTWs can also serve as wild life habitat. Over all the CTWs and
FTWs are considered as an innovative eco-technology that can serve as water
treatment and improve aquatic and wildlife habitat and at the same time provide the

aesthetic the lake shoreline landscape.

Figure 5 . Schematic diagram of floating treatment wetland (FTW) (courtesy:
Sunaryani, 2014); FTW application on an urban lake (Henny, 2014).

Early warning system system tools such as determining the key parameters in
critical time (e.g. threshold dissolved oxygen concentration and water transparency)
should be developed to help in disaster risk reduction. Fakhrudin et al (2012) has
preliminarily studied online monitoring system in Lake Maninjau for temperature
and pH parameters but not yet dissolved oxygen. The system is currently still under
construction and corrected.

Successful lake management to reduce the risk of natural disaster including
massive fish kill requires that developed ecosystem based management tools should
be incorporated into decision making. The users as social functions in Lake Maninjau

should be able to comply with the legal basis. There are eleven potential conflict of
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social functions that should be included in the management role (Hartoto, 2009).
Sulastri et al (2012) found that co management among the local institution
(government), the local people authority and the 11 social functions by enhancing the
role of these social functions and increasing the public awareness can support the
successful management. The major indicators of successful lake management in
Maninjau included ecological sustainability, community sustainability, institutional
sustainability, and socio-economic sustainability.

A much more successful management strategy requires combination in lake-
actions and implementation of management tools. The management should not only
effective in reducing the natural disaster including disaster of fish kill but also in
maintaining the stability of lake ecosystem to advance climate chage adaptation and

to enhance ecosystem services in lake.
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