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A. SCHLUSSBERICHT

1. Aufgabenstellung

Vor dem Hintergrund einer zunehmenden Intensivierung der marinen Agquakait allem

im Hinblick auf den chinesischen Markt sind Belastungen der Meereslirdurch Emis-
sionen von offenen Fischzuchtfarmen in den Kusten- und Inselregionen dretenein
vieldiskutiertes Problem von grol3er wirtschaftlicher Tragweite derartigen Problemen zu
begegnen, ist die Entwicklung wissenschaftlich fundierter Leitliriigd einen nachhaltigen
zukunftigen Ausbau der indonesischen Marikultur erforderlich.

Das ubergreifende Ziel des Projektes lag darin, auf Grundlagessenider Felduntersuchun-
gen in Kombination mit computergestitzten Modellierungen unter Nutzung v&a Gl
Technologien ein geschlossenes System konkreter Entscheidungshilféemgfiehlungen
(engl. ,Decision Support System — DSS) zu entwickeln, welchesiistenmanagement zur
Raumordnung fur den Okologisch nachhaltigen Aufbau und Betrieb von kiustennatzen Ne
kafigfarmen Verwendung findet. Potenzielle Eignungsgebiete fir Afisiedlung von
Fischzuchtanlagen werden anhand gewichteter Umweltkriterien idemtiund die zulassige
GroRe und Produktionskapazitat der Zuchtbetriebe mithilfe von Modellsiongati

bestimmt.

2. Voraussetzungen, unter denen das Vorhaben durchgefihrt wurde

Das Vorhaben wurde im Rahmen der Deutsch-Indonesischen Kooperation ireeiessMind
Geowissenschaften im Verbund mit indonesischen und deutschen Uéteersind Firmen-
partnern durchgefuhrt und vom BMBF mit Bundesmitteln in Hohe von rund 621.000¢- E
fur eine Gesamtlaufzeit von 43 Monaten gefordert. Es ist Teil hileseralen SPICE-
Programms ,Science for the Protection of Indonesian CoastdyEems” und hier dem
Cluster 3 ,Coastal Ecosystem Health* zugeordnet. Federfuhrerdkatscher Seite war das
Forschungs- und Technologiezentrum Westkiste der Universitat Riejektleitung: Prof.
Dr. R. Mayerle) sowie auf indonesischer Seite die Universit@goBJava, Institut Pertanian
Bogor (Dr. Indra Jaya). Als weiterer Partner beteiligteh die Universitat Riau/Sumatra,
Fakultas Perikanan dan limu Kelautan, Pekanbaru (Prof. Dr. Rtiag¢lan dem Vorhaben.
Deutscher Firmenpartner war die Coastal Research and ManagebiRR{CRM), Kiel (Dr.

L. Piker) sowie auf indonesischer Seite die FischzuchtfirmeNansa Ayu Karamba, Farm
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& Multi Species Hatchery, Jakarta (General Manager MrrtilaHadinito) und Hiang
Fishery, Pulau Serai, Tanjung Pinang/Riau (General Manager Mr. Cu Yang).

Erganzend zu den beiden im Rahmen der Zuwendung bewilligten Doktortaliéens
beteiligten sich zwei Uber den DAAD geftrderte indonesische dbaktlen an den
Forschungsarbeiten. Die erheblichen logistischen Anforderungen idliurdfangreichen
Messkampagnen in Indonesien konnten nur durch Bereitstellung zusataiiehsonal-

kapazitdt aus Eigenleistung erfullt werden. Die Abwicklung der tesémpor Einfuhrge-

nehmigung und der Zollabfertigung gestaltete sich umsténdlich, darknderstiitzung der
indonesischen Partner ergaben sich hieraus jedoch nur geringeheelerzégerungen.
Ebenso war die Beantragung der Forschungsgenehmigungen mit einem hoheatibcinekr
Aufwand verbunden. Die Gultigkeit der von LIPI (Indonesian Institut&aénces) ausge-
stellten Forschungsgenehmigung wurde von den lokalen Marinebehdrdenngari Bicht

anerkannt.

3. Planung und Ablauf des Vorhabens

Die detaillierte Planung des Vorhabens wurde auf einem Implenwrggffen mit den
indonesischen Partnern in Jakarta im Herbst 2003 festgelegt. Mdssuchungsgebiete zur
Entwicklung des Decision Support Systems wurden eine Inselregion ahdrdin Jakarta
(Seribu Islands/Pramuka) sowie eine Region des Riau-Archipglia(BPulau Serai) sudlich
von Singapore ausgewahlt (Abb. 1). Zielobjekte waren bestehende Zuehibetes markt-
wichtigen ,Grouper” (Barscharten) und Milchfisch, die in Zukunft etertiwerden sollen.
Das softwaregestutzte Endprodukt ,DSS* sollte am Beispiel diEa#studien entwickelt
werden und Uber numerische Modellsimulationen eine Einschatzung deftventréglichen
Ausbaufahigkeit gestatten.

Die F&E-Arbeiten im Vorhaben gliederten sich in die Bereittdikation, Datenermittlung,
numerische Modellierung und Felduntersuchungen. Die Indikation umfasskestiegung
von Kriterien und Grenzwerten fur die Eignung eines Kustenbereialseegpotenzielles
Fischzuchtgebiet. Die Datenermittlung diente der Quantifizierunguasgewahlten Kriterien
anhand existierender Datensétze und eigener FeldmessungenhatfeaBereitstellung von
Basisdaten (e.g. Bathymetrie, Meteorologie) zur Entwicklumgndenerischen Modelle. Die
Modellierungsarbeiten umfassten die Entwicklung eines hydrodgehen StrOmungs-
modells sowie eines gekoppelten Wasserqualitatsmodells zur Sonul@r N&hrstoff-



ausbreitung in den beiden Untersuchungsgebieten. Zum Betrieb sowialirrerung und
Validierung der Modelle wurden in saisonalen Feldmesskampagnen ugifdnegDatensatze
zu den hydrographischen, néhrstoffchemischen und biologischen Verlatnissden
Untersuchungsgebieten erhoben. Sediment und Depositionsuntersuchungenneirfolgte
Rahmen eines Unterauftrags an die Fa. Coastal Research and Manggd&el, die ebenfalls

die Installation der Unterwassermessgerate (Strétmungsmessémé&eyetz) ibernahm.

Abb. 1: Untersuchungsgebiete (links: Pulau Pramuka; rechts: Pulau Serai)

Im Zeitraum des Vorhabens wurden zwei Intensiv-Messkampagneedamj der Unter-
suchungsgebiete durchgefihrt, die jeweils zur Trocken- und zur RegenzeihdeitfFir die
Feldmessungen wurden ein mit moderner Messtechnik (ADCP, CTI[S, GBtalogger-
system) ausgerustetes Forschungsboot und umfangreiches Gerdtdrals Containerfracht
nach Indonesien verbracht. In den Untersuchungsgebieten wurden dierg@isyerhaltnisse,

die Salz- und Temperaturgradienten, die tidenzyklischen Nahistofige an den offenen
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Randern der Modellgebiete, die Fischfarmemissionen und deren poteBzigtg@hierungs-

effekte im Wasser und am Boden, die rdumliche Ausbreitung dersiomes sowie der

Fischfarmbetrieb selbst (Besatz, Produktion, Art und Menge des $-@ttel) untersucht.

Weiterhin wurde in beiden Gebieten eine meteorologische Statiorkantmuierlichen

Erfassung der Windrichtung und Geschwindigkeit und der Lufttemperatunere in

Messnetz zum Monitoring der Wasserstande jeweils fur einemadeit von 6 Monaten

aufgebaut.

In Ergdnzung zu den Felduntersuchungen wurden mehrere Arbeitstk&fféndge sowie ein

Trainings-Workshop in Indonesien abgehalten. Die folgende Tabellégbtlgige Ubersicht

zu den wichtigsten Aktivitaten.
Tab. 1: Durchgefuihrte Aktivitaten

Datum Ort Durchgefiihrte Aktivitat
01.08.03 Beginn des Projektes
27.09.-06.10.03 | Jakarta Implementationstreffen mit Besichtigung der

Untersuchungsgebiete

02.10.-20.10.04

Seribu Inseln

Erste Intensivmesskampagne

10.2004 Bali Vorstellung des Projektes am Gondol Research
Institute for Mariculture
seit 2005 Bandung Planung eines gemeinsamen Master-Studiengan|

,Double-degree Master of Science in Coastale
Geosciences and Engineering” mit ITB

gS

03.04.-24.04.05

Seribu Inseln

Zweite Intensivmesskampagne

04.2005

Seribu Inseln

“Field Training Course on Coastal Environmenta
Techniques”

13.09.-01.10.05

Bintan

Dritte Intensivmesskampagne

09.2005

Seribu Inseln

Workshop mit Buparti Rahmadan, Wissenschatftl

vom IPB/ITB und politischen Entscheidungstragern:

»ocientific and Economic Development of Seribu
Province"

ern

09.2005

Jakarta

APEC Workshop: ,,Ocean Models for the APEC
Region“ (WOM-15)

25.04.-20.05.06

Bintan

Vierte Intensivmesskampagne

05.2006

Jakarta

Prasentation des DSS am Central Research Inst
for Aquaculture

tute

14.11.-16.11.06

Denpasar

“SLAS Conference Southeast Asia Coastal
Governance and Management Forum: Science me
Policy for Coastal Management and Capacity
Building”

ets

11.2006

Bali

Kooperationstreffen am Gondol Research Institute
Mariculture zur Vorbereitung einer
Projektanschlussphase

for

11.2006

Bandung

Ubergabe eines Forschungsbootes der Universit;
an das Institute of Technology Bandung durch den
Forschungsdezernenten der CAU

it Kiel

31.03.07

Abschluss des Projektes
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4. Wissenschaftlicher und technischer Stand, an den angeknipft wued

Die Entwicklung des GIS-gestitzten DSS basiert auf den von Natlal.e(2000)
beschriebenen Prinzipien. Die Auswahl der Kriterien zur EignumgseKiistengebietes fur
die Fischzucht wurde auf Basis der FAO-Richtlinien (FAO, 1989) durthgef Zur
Berechnung hydrodynamischer Kenngro3en (Stromung, Seegang), derpacimuing sowie
der Nahrstoffausbreitung wurde das Delft3D-Modellsystem (Deffydraulics, the

Netherlands) verwendet.

Delft Hydraulics (2005): DELFT3D-FLOW, User Manuaglease 3.25, 2005; DELFT3D-WAQ. User Manual,
release 4.00, 2003, Delft Hydraulics, the Nethedkgn

FAO (1989): Site selection criteria for marine faff netcage culture in Asia, UNDP/FAO Regional 8eaing
Development and Demonstration Project, Network qfisculture Centers in Asia. Food and Agricultural
Organization Documentation NACA-SF/WP/89/13.

Nath, S.S., Bolte, J.P., Ross, L.G. & Aguilar-Marga, J. (2000): Application of geographical infaation
systems (GIS) for spatial support in aquaculturgudcultural Engineering, Vol. 23, S.. 233-278

4.1 Benutzte Informations- und Dokumentationsdienste

Topographie und Bathymetrie der Modellgebiete wurden aus vorhandenemrKaterial,
letzteres auch aus eigenen Messungen, erstellt. Der hydrodgh@n Antrieb an den see-
wartigen offenen Randern der regionalen Modelle erfolgte stibmomischen Tidendaten
des Global Ocean Tide Modells (TPXO 3.0).

Weitere Datenquellen zur Entwicklung des DSS waren MessretheWasserstanden,
Sedimentbeschaffenheit und Topographie der indonesischen National Coordigeimcy
for Surveys and Mapping (BAKOSURTANAL), Seawatch-Daten dé¥*B (Indonesian
Agency for the Assessment and Application of Technology), hydrogdhislessreihen
von LAPAN (Indonesian National Institute of Aeronautics and Spaosyie des ITB
(Bandung Institute of Technology) und des National Oceanographic @atter (NODC,
USA). Die folgende Tabelle (Tab.2) gibt eine Ubersicht zu den emaeten Informations-

quellen.
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Tab. 2 Ubersicht zu den verwendeten Informationsquellen

Nr. Project/Agency Parameters/Data Type
1. | BAKOSURTANAL - Hourly water level (26 stations, 1995 — 2000)
(Badan Koordinasi | - Bottom sediment type map
Survey dan Pemetaan | - Coastline of Indonesia (ArcGIS format)
Nasional)
National
Coordinating Agency
for  Surveys and
Mapping
2. | DISHIDROS  (Dinas | Bathymetry data from the following charts:
Hidro-Oseanografi) - Sea Chart Nr. 414-KK : Jukung to Peniki Island
Hydro-Oceanographic 1:50,000
Service - Sea Chart Nr. 941A : Singapore Strait to Java Sea
1:1,552,500
- Sea Chart Nr. 2056 : Selat Sunda and Approaches
1:250,000
- Sea Chart Nr. 3482 : Singapore Strait to Song Sai Gon
1 : 500,000
- Sea Chart Nr. 3946 : Port Klang to Malacca
1:200,000
- Sea Chart Nr. 3947 : Malacca to Singapore
1:200,000
- Sea Chart Nr. 3949 : Riau Strait
1:125,000
3. | BPPT (Badan | SEAWATCH buoys time series data from the buoy in Seribu
Pengkajian dan | Islands (November 1998 — August 1999) and Bintan Islands
Penerapan Teknologi) (March — September 1999) for the following parameters:
Agency for the | - Current velocity and direction
Assessment and | - Water temperature
Application of | - Salinity
Technology - Wave height and period
- Wind speed and direction
- Air pressure
- Air temperature
4. | LAPAN (Lembaga | Field measurements data on July 2005 at Seribu Islands for the
Antariksa dan | following parameters:
Penerbangan Nasional) | - Current velocity and direction
The National Institute | - Depth
of Aeronautics and | - Light penetration
Space - Water temperature
- Salinity
- PH
- DO
- BOD
- Chlorophyll-a
5. | DKP (Departemen | Indonesian fisheries statistics (including mariculture)
Kelautan dan
Perikanan)
Ministry of Marine
Affairs and Fisheries
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6. | SEKNEG (Sekretariat | Mariculture regulations
Negara)
National Secretary
7. | Hydrography Field measurement data on December 1999 and February 2000
Working Group, | at Pramuka Island for the following parameters:
Faculty  of  Civil | - Current velocity and direction
Engineering and | - Bathymetry
Planning,  Bandung | - Wave height and period
Institute of | - Salinity
Technology - Temperature
- Wind speed and direction
- Air temperature
8. | National Center for | Global six hourly reanalysis data with the resolution of 1.87
Environmental degrees (192 x 94 grid) for wind and sea level pressure
Prediction (NCEP) -
USA
9. National World Ocean Atlas (WOA) 2001, which provides monthly,
Oceanographic Data | seasonal and annual average values in 33 standard depths and
Center (NODC) - | one degree resolution for:
USA - Water temperature
- Salinity
- Dissolved oxygen
- Apparent oxygen utilization
- Percent oxygen saturation
- Phosphate
- Nitrate
- Silicate
- Chlorophyll
- Plankton Biomass
World Ocean % degree resolution world wide data of Salinity
and Temperature
10. | National Geophysical | ETOPO-5, which provides 2 minutes resolution of Earth’s
Data Center (NGDC) | topography data
- USA

5. Zusammenarbeit mit anderen Stellen

AulRerhalb des eigentlichen deutsch-indonesischen Projektverbundes mit ndétat |
Pertanian Bogor (IPB) und der Universitat Riau (UNRI) in Pekanleafolge eine Zusam-
menarbeit mit dem indonesischen Institute of Technology in Bandumly Bfof. Mira, Dr.
Poerbandono), das sich an den hydrodynamischen Messungen in den beidsunchumes-
gebieten beteiligte und bei der Organisation der Trainingsakémitsbwie des Transportes
behilflich war. Einen engen Austausch gab es mit dem DAAKada (Frau Dr. Kriger-

Rechmann) in Bezug auf die Uber DAAD-Stipendien finanzierten indswies Doktoran-
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den, die mit Spezialfragestellungen in dem Projekt eingebunden Wéitedrem ITB wurden

dariiber hinaus Gesprache zur Etablierung eines Double-Degree stersfiadiengang
Coastal Geosciences and Engineering gefuihrt, die nun in eineek®mnRtanungsphase
mindeten. Ein standiger Informationswechsel bestand mit dem BupaSedi&u Inseln,

Herrn Rahmadan. Der Fortgang des Projektes wurde auf mehreeienTin Jakarta
prasentiert. Eine weitere Zusammenarbeit erfolgte mitrrH&rof. Sugama vom DKP
(Departemen Kelautan Dan Perikanan = ministerielle Behdanden&rine Angelegenheiten
und Fischerei), Jakarta sowie mit Herrn Dr. Hanafi vom Gondol Rd#sdastitute for

Mariculture auf Bali hinsichtlich der Skizzierung anschlielBendesdhungsaktivitaten. Die
deutsche Botschaft in Jakarta (Herr Dr. Rottmann, Scientific @mmsunterstitzte in

administrativen Fragen.

6. Darstellung der erzielten Ergebnisse

Im folgenden Berichtsteil sind die im Forschungsvorhaben enziEtgebnisse in Form einer
Serie von ubergreifenden Manuskripten dargestellt, die die wissetistigaSubstanz des

Vorhabens weitgehend wiedergeben und zur Verdéffentlichung eingebaehtvorbereitet

wurden.
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A Decision Support System for the Sustainable Environmenta{lanagement of Marine

Fish Farming

R. Mayerle, W. Windupranata and K-J. Hesse
Research and Technology Centre Westcoast

Kiel University — Germany: rmayerle@corelab.uni-kiel.de

The development of a decision support system (DSS) for the optimum selectionref fiséri
farming sites and the determination of the allowable fape \sith respect to environmental
sustainability is presented in this paper. The DSS, which combirfeste@hnologies and
numerical simulation models, has been tailored for applications ide nange of coastal
environments. It basically consists of three steps. In thestiegt, coastal sea areas are pre-
screened for sites suitable for cage fish farming on @amabscale considering key physical
and chemical properties, sediment characteristics and coakation. In a second step, the
most suitable locations for fish farming at the selected site identified on a local scale,
taking into account water depths, bed slopes, current velocities, waesueg and bed shear
stresses. Finally, the maximum allowable stock size atdlezted sites is determined by
comparing the results of numerical model simulations of nutrientneehzent resulting from
fish farming operations with acceptable limits for environmentatanability. Numerical
models for simulating flow, waves and water quality are appbeti¢ coastal environments.
The functionality of the DSS is demonstrated by considering tiseewepart of the Java Sea
in Indonesia. The results confirm the suitability of the systensdéipporting governmental
authorities in the implementation, environmental control, and estimatiotheofoverall

carrying capacity of environmentally sustainable marine fish farming

Keywords: Mariculture, Sustainable Environmental Management, Decision S@ystetm

1. Introduction

During recent decades a number of investigations have well underhiaeernissions of
dissolved and particulate nutrients from aquaculture operations thfeadhwastage, fish
excretion and faeces production may have a serious impact on thie agpuabnment (e.qg.
Krom and Neori, 1989, Seymour and Bergheim, 1991, Brown et al., 1987, Rosenthal, 1994,
Pereira et al., 2004, Porello et al., 2005). In general, dissolved nel#ased from such

operations tends to spread and undergo rapid dilution. However, in aregouritiiushing,
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deterioration of water quality within the cages and in the surragratiea may occur. Settling
particles, on the other hand, are mainly confined to the fish faemard readily sink. This
may, however, lead to deterioration of the benthic communities beneathgbe The extent
of the environmental impact due to fish farming depends primarily ospéees involved,
the culture method, stocking density, feed type and quantity, environnoemniditions and

husbandry practices.

Rosenthal (1995, 2001) identifies research needs and precautions that shtakenbé
ensure the sustainability of aquaculture development and to more adgquaieage
environmental impacts. Standardized monitoring programmes and sonutatidels which
take into account biological, technical and socio-economic aspecte@mmended. The
results of several investigations have also shown that the haefféats of cage fish farming
can be significantly reduced by careful site selection, adegtmtk density, improved feeds
and better farming practices, including integrated polyculturese8ures for the selection of
suitable fish farming sites on the basis of key parametess Ib@een proposed (Pérez et al.,
2005, BPPT, 2001, Nath et al., 2000, FAO, 1989, KLH, 1984, DITJEN PERIKANAN, 1982).
GIS technologies were introduced to facilitate the handling of the langarda of information
involved in the selection (e.g. Riqqi, 2001, Suhey et al., 2005). Rapid advansemé&m
numerical modelling field have led to the development of simulation moaél
hydrodynamics and water quality to support the management dafishoperations. Results
of the simulations were used to predict dissolved nutrient loadingstfrerfarm operation
and their eutrophication potential in the water column (Gowen et al., K&&4 et al., 1994,
Wu, 1995 and Wu et al., 1999) as well as the deposition of particulater rmatl associated
changes in the zoobenthic community (Gowen and Ezzi, 1992, Lee et al.C200®Ry et al.,
2002, and Alver et al. 2004). Information on the hydrography and topogréphg site and
the expected environmental impact in relation to farm spedditahas been used to estimate
the holding capacity of sites for fish farming (Stigebrandt Ancde, 1995 and Stigebrandt et
al., 2004).

In this paper a decision support system (DSS) for site seleadiemtification of the most
suitable locations and the determination of holding capacitienfaroamentally sustainable
marine fish farming is introduced. The DSS combines GIS technol@gidsnumerical
simulation models. Model development is done based on data obtained fibmégesuring
campaigns. The development and preliminary results of the apptiaaitithe system for site
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selection covering the West Java Sea (Indonesia) are preskl@etification of the most
suitable areas for caged fish farming and the determinationitmfakifish farm sizes are

demonstrated by way of an island development scheme northwest of Jakarta.

2. Decision Support System for Sustainable Management of Mariculture

The system consists of three steps, as indicated in Fig.1y Hih& coastal regions are pre-
screened on a regional scale for sites best suited to drehiniy operations. These are
identified on the basis of key parameters and conflicting intevéstsgastal use. Secondly, the
most suitable locations for fish farming operations within thecsetl sites are identified.

Finally, the fish farming holding capacity at the selectgessin terms of environmental

sustainability is determined on the basis of numerical modeilaiions of flow and nutrient

enhancement levels resulting from fish farming. The DSS coml@t®stechnologies and

implements commercially available numerical models for thrulsition of flow, waves and

water quality. A more detailed description of the steps involved is given in the fodjowi

Step 1 — Pre-screening of the investigation area for site selection on a regionalsatdble
sites for fish farming are identified on the basis of weighktey physical and chemical
parameters, sediment characteristics and coastal utilizasdisted in Table 1 (Pérez et al.,
2005, BPPT, 2001, Nath et al., 2000, FAO, 1989, KLH, 1984, DITJEN PERIKANAN, 1982).
Higher weightings are assigned to water depths, current veoaitig distances to industrial
areas. Studies of floating cage fish farming practice in Indariesie shown that marine fish
farms should be set up in water depths varying from about 5 to 1%imcwrent velocities
ranging from 0.2 to 0.5m/s (BPPT, 2001). Moreover, fish farms shouldbdadet at a
sufficiently large distance from conflicting coastal actestiThe DSS was designed to permit
the integration of additional parameters in the selection procebata handling and data
processing are performed in raster format using a GlScapiplh (ESRI ArcGIS). The pre-
screening involves: a) gathering of the information listed in Talaled subsequent storage in
the GIS database; b) conversion of the data to raster format; c) assignswatdlwlity scores

to each parameter; d) determination of relative importancehtwegs by means of the
Analytical Hierarchy Procesproposed by Saaty (1980); e) spatial classification of suttabili

for fish farming on the regional scale by superposition of the various contributions.
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Regional Scale

a) 15t Step
Pre-screening for regional scale

Local Scale

b) 2" Step

Identification of the most suitable locations for

cage cluster - local scale

Current Velocity

Wave Characteristics

Water Depth

Bed Slope

Bed Shear Stress

'ﬂ -

Local Scale

c) 31 Step

Nitrogen Concentration

Phosphorus Concentration

Ammonium Concentration

Organic Carbon Concentration

Layout of Cage Clusters

Determination of the maximum allowable

stock size - local scale

Fig 1. DSS Modules for the Sustainable Environmental Management of Marine Fish Farms

Table 1: Parameters considered for site selection of floating capeféirms in tropical

coastal areas

Unacceptable
=0

Poor
=1

Weighting

?:Ina)ximum Depth at Spring Tide <3 350r>20| 15-20 515 0157
g Maximum Current Velocity (m/s)] < 0.05or > 1 0.020 | 0.5-1 0.2-0.5 0.157
'E Maximum Wave Height (m) >1.5 1-1.5 0.6-1 <0.6 0.077
Water Temperature (°C) <150r>35 1520 0| 2027 of 31| 575 0.022
Salinity (psu) <10 10-15 15-250r>35 2535 0.022
Dissolved Oxygen (ppm) <4 - 4-5 >3 0.072
Ammonium (ppm) 0.5 - - <0.5 0.072
Water pH <3or>14 - %7'8 or 86 7886 0.072
g Nitrate (mg/l) > 200 - - <200 0.072
% Phosphate (mg/l) >70 - - <70 0.072
§ Bottom sediment type - Mud Coral Sand 0.010
8 Distance to harbour (km) <0.2 - 0.2-0.5 >0.5 0.013
:—gﬁ Distance to navigation line (km) <0.2 - 0.2-0.5 >0.5 0.013
£ Distance to industrial area (km) <1 1-2 2-5 >5 0.157
§ Distance to tourism area (km) >0.5 - 05-15 [ >15 0.013
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Step 2 — Detailed identification of the most suitable locations for cagécs:Once suitable
sites for fish farming activities have been selected on mmalgscale, the most suitable
locations for establishing fish farms within these sites anmatifted. An extended procedure
involving a combination of flow and wave model simulations is adopted. Has auitable
for setting-up cage clusters are selected on the basis of deqérs, bed slopes, current
velocities, exposure to waves and bed shear stresses. Water aejpties slopes are derived
from bathymetrical measurements or nautical charts. The mamganformation is obtained
from numerical model simulations using existing modelling systémsrder to reduce the
risk of sediment deterioration beneath the cages the fish fdnoutdsbe located in regions
where the critical bed shear stress is exceeded regutareld as along the borders of the
main channels in regions with higher bed slopes. An overlay of theatltemaps defined by
each of the above-mentioned criteria leads to a detailed fidatiin of the most suitable
areas for fish farming within the site in question.

Step 3 — Determination of the maximum allowable stock size at tioteded@tesThe critical
stock size in terms of environmental sustainabihtgsholds is determined from the levels of
nutrient enhancement resulting from fish farming. For this purposdezbupodels of flow
and water quality have been developed for predicting the disperstemgaof total dissolved
inorganic nitrogen, phosphorus, ammonium and organic carbon. Dissolved nutrient loads
released from the fish farms are estimated on the basiedfgieantity, growth curves and
metabolic ratios for the farmed species in question (Van der Wulp, 20@6nodelled as
point sources. Several alternatives in terms of fish farm sizdday-outs are tested for the
full range of conditions typical of the site in question, which wasecsedl in step 2. The
predicted nutrient levels due to the various fish farm settings carapared with
environmental threshold values related to natural background concentrations.

3. Development of the DSS for application in Indonesian coastal waters

With the aim of supporting the management of marine fish farnmnigdonesian coastal
waters, the DSS was implemented to guarantee environmentahahb8iiyi. Pre-screening

for site selection on a regional scal& gtep of the DSS) was carried out in the West Java Sea
and the Riau Archipelago in Indonesia (Fig. 2). A detailed identidicadf the most suitable
areas for setting up cage fish farmd(&tep) as well as a determination of the holding
capacity (3 step) were undertaken for two coastal sites within thesen®ga) a relatively
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small fish farm situated in the Java Sea amongst the groummiuRa, Karya and Panggang
islands (Seribu islands), about 60 km northwest of Jakarta and b) alangehfish farm in
the Riau Archipelago located near Serai Island in Bintan, southeast of Singago8eshows
views of the fish cages typically suspended from bamboo raftscadges are about 3m long,
3m wide, and 4m deep.

The data required for developing the DSS were derived from nhutitarts, field

measurements, the World Ocean Atlas 2001 (Conkright et al., 2002), andsthts of

numerical model simulations. Fig. 4 shows the selected coast@$ andicating the field
measurement locations. Measurements of wind, water levels, cualecities and nutrient
concentrations were made at several locations covering tyqmnoditions during the dry and
wet seasons. Water levels were measured using pressure galngesss current velocities
were measured using acoustic profilers (ADCP) deployed from ngovessels. Nutrient
concentrations were obtained by analysing discrete water saipgaserved with mercury
chloride according to the method of Grasshoff et al. (1983). Grab esumipseveral locations

underneath and around the cages were analysed for the sediment type.
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Fig. 2: Location of the study sites in Indonesian coastal waters
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Process-based models for simulating flow, waves and water quadity developed and
subsequently calibrated and validated using field data. Two-dimengiepah-integrated
(2DH) flow and water quality models based on the DELFT3D Modeligstem developed
by Delft Hydraulics in the Netherlands (Roelwink and Van Banni®§4) as well as the
phase-averaged spectral wave model SWAN (Booij et al., 1999, Ris &899) were used
for this purpose. The flow model solves the non-steady depth-intégnadenentum and
continuity equations for depth-integrated velocities and waterdeVake water quality model
solves the advection-diffusion equation for nutrient concentrations takiogagaount the

most dominant transformation processes.

Curvilinear grids adjusted to the bathymetry and coastlines, @sthiutions varying from 25
to 100m, were developed for the selected sites. Fig. 4 shows the sootkhs and the local
bathymetry. The sizes of the model domains covering the snoaib @f islands northwest of
Jakarta and the coastal waters of Serai Island in Bintan are about 20 and, 168fectively.
These coastal area models were nested within larger nmmedsng the West Java Sea and

the Riau Archipelago, respectively.

a. Pramuka Islands Fish Farm b. Serai Island Fish Farm

Fig. 3: Fish farms studied for developing the DSS
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Model Domain & Fish Farm Location @ Water Level Measurements Current Yelocities Measurements

a) Group of islands northwest of Jakarta b) Serai Island southeast of Singapore

Fig. 4: Coastal sites, location of measurements and model domains

Comparisons of the flow model results with field data of a) wiatexls measured at a gauge
station near the fish farm and b) current velocities over a sexg®n in the study area
northwest of Jakarta are presented in Fig. 5. The high predoapeility of the model with
regard to flushing rates in the near vicinity of the fish faisnsonfirmed by good agreement
between the simulated results and field measurements. The quetkty models for the
coastal sites were calibrated and validated using field dathssblved inorganic nutrient
concentrationgig. 6 shows comparisons of modelled and measured near-surface ammonium
concentrations at a location in the vicinity of the fish farm. fitefication of ammonium

was taken to be the dominant transformation process in the mmadelatons. Good
agreement was obtained particularly with regard to the level of nutrisaheement resulting

from fish farming activities.

21



0.70

— -— measurement e model

Water Level (m)

-0.70 T T T T T T T T
09-Apr-05 10-Apr-05 11-Apr-05 12-Apr-05 13-Apr-05 14-Apr-05 15-Apr-05 16-Apr-05 17-Apr-05 18-Apr-05

Time

a) Water levels at gauge station PW2

Depth Averaged Velocity Along Transect

v(m/s)

easting(m) 5

Depth Averaged Direction Along Transect

3007 \ T \
| | | | | | |
270 - - — — — — — — L Lo A, e e e - o [EE [
[ ! ! I . - -
5 AR I i T oy ."-- - R ..”. |
S 180p-------- e e e e e — - e e e - o e e = [ —
© | | | | | | |
© | | | | | | |
9O - — - — - __ Lo Lo e el — e [
| | | | | | |
I | I | | I |
ol | I | I I I
6.785 6.7855 6.786 6.7865 6.787 6.7875 6.788

easting(m) 105
X

b) Magnitude and direction of current velocity over cross-section PT4
Fig. 5: Measured versus computed water levels and current veloogias the group of

islands northwest of Jakarta

0.06

B Measurements Model

0.05 1 — —

0.04

I 0.03

0.02

0.01

0.00
06:00 09:00 12:00 15:00 18:00

Fig. 6: Measured versus computed ammonium concentrations near the fish farm at Pramuka
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4. Demonstration of the DSS

Fig. 7 illustrates the functionality of the DSS for site sét® on a regional scale. The
operations involved in the pre-screening process for site seledffostep of the DSS) are
shown for the West Java Sea. The resulting suitability magdsfofarming enables the user
to proceed with a more detailed analysis on a local scale in wrddentify the sites most
suitable for fish farming on the basis of extended criterfzosad at higher spatial resolution.
Fig. 8 shows an amplified view of the pre-screening resultshiocoastal area surrounding
the Seribu Islands northwest of Jakarta, which was taken into cat®deby the local
authorities as a potential coastal environment for fish farm development.

Within this area, the small group of Pramuka, Karya and Pangdandgssvas selected for a
detailed identification of optimum fish farming locations%(&tep of the DSS). Flow and
wave model simulations covering the full range of conditions forstteein question were
carried out in order to complement data requirements. The simulatowesed neap and
spring tides as well as periods with intensive winds. Maps indgcahe most suitable
locations with regard to water depths, current velocities, bed skreases, bed slopes and
wave exposure are presented in Figs. 9a to 9e, respectivelyediits of superposing the
thematic maps for the purpose of identifying the most suitaseféirming locations within
the site in question are shown in Fig. 9f. Strips around the islan@sidentified as optimum
sites for placing fish farm cages. The resulting percestafjthe area according to its degree
of suitability arelisted in Table 2. About 0.4 Kmrepresenting approximately 5% of the total
area, was found to be best suited for fish farming on the basis of the speddieal. cr
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Fig. 9: Detailed identification of optimum areas for fish farming on a Iclle for the
group of islands northwest of Jakarta
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Table 2: Results of the identification of the optimum fish farming locations

Classification INCEX (S Percentage
Good 0.4 5

Fair 3.4 44

Poor 1.0 13
Unacceptable 2.9 38

Environmental sustainability was verified by comparing the predintutrient levels resulting
from various fish farm size settings with acceptable lingfs nutrient emissions for
environmental sustainability in the sea. Due to a lack of stamzeardprocedures for
determining threshold values for environmental sustainability, preirpiverifications were
carried out under consideration of the acceptable limits for dissohaganic nutrient
concentrations in a sea area as defined by the eutrophicatiosnassegrocedure of the
Oslo-Paris Commission (OSPAR 2005).

According to this procedure, the area specific percentagetidevat nutrient levels should
not exceed 50% of natural background concentration values. The latteestienated from
measurements made adjacent to the site in question at locammaffected by direct
anthropogenic activities, disregarding potential transboundary trarfsportremote areas.
Background values for ammonium in the study area were found to be airdee of
0.03gN/nf, resulting in a critical threshold concentration of about 0.045gNgmproblem

areas.

The estimation of the maximum allowable stock size for treeisiguestion in terms of the
environmental sustainability thresholds was determined on the basesuifs from water
guality model simulations. Virtual fish farms were placed atltisations identified as best
suited for fish farming. Predictions of nitrogen, phosphorus, ammonium aadiomarbon
emissions were computed over the full range of conditions for different fishsfaensettings.
The dissolved nutrient loads released into the environment weretstifnrom literature data
on the basis of metabolic rates of farmed fish species, takingaccount the stock size,

growth rates, feed type and quantity (van der Wulp, 2006).

Simulations were carried by placing initially a total of 258ge clusters containing 16

individual fish cages each, distributed all along the strip of previddsiytified best suited
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locations for fish farming (see Fig. 9f ). The stock size qagre was set to 500 fish (tiger
grouper) with an average weight of 800 gr. Fig. 10 shows the predicted tidathgad levels

of ammonium for a spring tide with a tidal range of about 0.5m.

[ [ [ I [ I I [ T
<0 <0.002 <0.004 <0.008 <0.0D5020 <0.030 <0.035 <0.038 <0.040 <0.045 >0[gABm’]
& el m
e -I D L i
a) 250 cage clusters b) 230 cage clusters

Fig. 10: Predicted Nklconcentrations for the proposed arrangement of the cage clusters.

The simulations reveal that the critical level for the conditionguestion is exceeded in the
area between the two islands (see arrow in Fig. 10a). By regdingrstock size in the critical
area (decrease of the number of cage clusters by 20), the amnmoomcentrations resulted
within the acceptable limits throughout the entire period (Fig. 10b).

The maximum allowable stock size in terms of the adopted sustédinaliteria resulted
about 300 tons for the entire area, corresponding to an annual production of rappetyxi
1450 tons. Further optimisations to the lay-out and locations of theafists in conjunction
with numerical model simulations may lead to increases in theratike total capacity.
Attention should be given to the criteria of environmental sustaityakfiresholds which
have to be adjusted to the specific conditions in tropical areas.réBuds confirm the
benefits offered by the system for supporting decision-makethe marine fish farming
sector.

5. Future development of the DSS
Future development of the DSS should include additional criteriakéoaeacount of initial
levels of pollutants in the area derived from external souftasd-based), such as
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contaminants and endo-bacteria. The latter is of particaramce in developing regions, in
which the sanitary infrastructure is usually poor. Especiallyunal areas, it is common
practice to discharge waste water without any further treattrdirectly into the coastal
environment. As the successful implementation of fish farmisg ahplies economically
sustainable product marketing with exporting opportunities to prospectegrh markets

such as Europe, rigorous hygiene standards must be specified and maintained.

The DSS should also be extended to account for potential effedts berithic regime. Up to
now, water quality in terms of hypernutrification has only beensidered as a preventive
measure for associated eutrophication effects, such as thetitornad exceptional algal

blooms and oxygen deficiency. A link between particulate organisseans and sediment
deterioration beneath the cages is thus required. Of parti@iérance for estimating the
holding capacity is the specification of a standardized proceaduréhé determination of

environmental sustainability thresholds especially suited to tropreals. Currently adopted
water quality indices, such as the eutrophication index (TRIX), aposite indicator

originally developed for application in the Mediterranean Sea évuoleider et al., 1998)
which combines nutrient as well as oxygen and chlorophyll critdr@yld also be tested to

assess their applicability in tropical regions.
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Mass balance modelling for determination of nutrient emissios from floating cage fish

farms in Indonesia

S. Van der Wulp
Research and Technology Centre Westcoast

Kiel University — Germany

Abstract

Since the assessment of floating cage fish farm emissiohs fiwld measurements is a
complex task because of the open boundary conditions, mass balance madellchhe a
good alternative for estimating the loads of emitted nutrientsg uslatively little input data
that is easily available.

This paper introduces a mass balance model, computing fish growtlolaod sizes over a
given period and sets up a mass balance for nitrogen (N), phospliBjoarsd carbon (C)
based on the given feed and metabolic ratios.

The model was applied on a fish farm area at Serai Island in Isidts&iau Archipelago,
where trash fish was the main feed source.

Computed feed conversion ratios approached 6.0 but fluctuated throughout thieangebsi.
On average, 85 % N, 86 % P and 85 % C of the given feed was found dst etd the
environment. Feed wastage was a significant sink, taking accouft arN, 49 % P and 21
% of the total given feed.

Dissolved emitted N, P and C was respectively 34, 9 and 47 perctdre tdtal amount of
given feed. Particulate losses were: 49 % N, 75 % P and 37 % C.

These results coincide with several previous studies based on meastsréor similar farms
in other tropical areas where trash fish was fed.

Quantitatively, emissions fall in the order of magnitude of watafitjumeasurements, done
at one of the cage clusters, however further study to verify taken assumpti@cessary.
Model results are a gross output. Further study is necessargoiparate nutrient strippers
such as netfouling and wild feeding. Several processes likeolmratrdecomposition and
hydrodynamic displacement are recommended to be analysed yslrmdynamic water

guality models, to assess the holding capacity of the area.
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Finally, an estimate of the village human waste excretion dease, indicating that it
contributes between 1 — 3 % to the anthropogenic nutrient dischargearetherhis is not
significant but it might have a strong local effect on the fila@r area where the village is

situated.

1. Introduction

Direct assessment of floating cage fish farm emissions fietd measurements are labour
intensive and time consuming. Because of open boundary conditions of magendista
farms, a complex measurement strategy is needed to captereitted forms. In contrast,
mass balance models are easier to apply and, once calibrat@doiale comparable results.
Most studies dealing with aquaculture emissions are based on Salaomsdoperated with
formulated feeds (Gowen et al., 1989, Hall et al., 1990, Hall et al., 1%922,H 996, Holby
and Hall, 1991). However, a major part of aquaculture is practidd non-Salmonid
species, fed with trash fish (Wu, 1995, Wu et al., 1994, Wu et al., 199%u¥atudies of
estimating emissions through mass balance models have been doelker§8tget al., 2004,
Islam, 2005, Buryniuk et al., 2006).

In the present study, the development of a model for mass balalwcgations of nutrient
emissions from marine cage fish farms in coastal argaesented. The model requires few
input parameters concerning fish farm operation and fish metabolism. Itata&ctish growth
and mortality and the resulting emissions of wasted feed, respiatd faecal excretion for
one production year concerning total dissolved and particulate formstrofyen (N),
phosphorus (P) and carbon (C). After calibration based on similar studies, validasicione

for a fish farming area in the Riau Archipelago, Indonesia.

The study site

The study site is located south of Bintan Island between #adislf Siulung and the smaller
island of Serai (figure 1). Mariculture activity consistseajht floating cage clusters with a
total of 500 cages. The nets measure 4x4x3 metres and aranfiredbooden frame, kept
afloat by numerous 200 L drums. The clusters are placed at the dofdertidal channel,

where high current velocities up to 1 m/s occur.

On the south shore of Siulung Island, a small village is located on a tidal flat area
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Figure 1: Pulau (Island) Siulung with a focus on the fish farm area and its cage clusters.

Around ten species of GrouperSefranidag, Jacks Carangida@, Wrasse l(abridae),
Snappers Lutjanidag and ButterfishesStromateidag are cultured for grow-out, obtained
from both hatcheries and wild capture. The total annual productiomwithiarea is around
114.5 metric tons. Chopped trash fish is given manually throughout the dag. 14p% of
the diet given, consisted of formulated feed which is mainly usedirfgerlings and as
addition for the on growing fish in periods when trash fish is scarce.

Considered processes

To model emissions from cage fish farms, several processescames&lered as shown in
figure x.x. Given feed can be either consumed by fish or dischangethe environment as
wasted feed where it settles or is dispersed along with the currents (oaleril989).

Feed that is consumed, serves metabolic processes for enddggcgtabolism) and growth
(anabolism). Metabolic waste and ingested, but undigested matedacerded as faecal
matter (Goddard, 1996).
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Figure 2: Considered processes around cage fish farms

In terms of emission, catabolic processes result in dissolved compsuctdsis ammonium

and urea, dissolved organic phosphorus and phosphate, organic carbon and carbon dioxide;
Faecal matter consists of particulate organic N, P and C (Leung et al., 1999, Wu, 1995)

The model considers emissions until the “fish boundary”. Beyond this bouretargsions

are subject to several biological processes such as wdthfgen particulate matter (Felsing

et al., 2005), microbial decomposition of organic matter, uptake of yeadiilable nutrients

by fouling and non-fouling primary producers (Santoso and Nursetiarso, 1889)

denitrification.

2. Methodology

Production details acquired from the fish farm management wereavailable for cage
clusters Il and VIII (figure 1) (Yung, Pers. Comm.). Thisadabntained total feed amounts
and numbers of sold fish, target weights, production times and estirsarvival rates per
species for both clusters for the production year 2004.

With the acquired data, fish growth, stock sizes and mortalitye wemputed for each
individual species to determine the increase of biomass throughoutotied period using
Matlab.

Fish composition and metabolic ratios for N, P and C were applied to computelibbzacia
consumed, catabolized and faecal quantities. The difference betaremwed and total feed
accounted for the amount of wasted feed. Mortality was calculsegpdrately since its
biomass is a share of the anabolized biomass.

The total area emissions were estimated in several steps.thé model was applied to the
cage clusters Il and VIII of which the data originates to obtlaenfeed conversion ratios
(FCR’s) in the area throughout the modelling period. Since N, P aradeOmodelled
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independently from each other, it was decided to consider thdled tSpecific FCR’s” for
N, P and C representing the amount of N, P and C fed per amount® a&nd, C retained in
the fish, rather than the FCR of wet weight.

The individual farms were modelled with a production estimate. @stisnate was done for
each individual farm by surveying each individual cage, noting dopaties and a
percentage estimate of occurrence of species within individigaisc This was then related to
the known production of the cage clusters Il and VIII. The feedimgunts per individual
cluster were determined by multiplying the amount of biomas&l ywith the ‘Specific

FCR’s’ of the first model run.

Model resolution

The modelled period covered one year with monthly time steps, accoodimg resolution of
the acquired feeding data. Fish cohorts were modelled in the calataaccording to the
strategy and recruitment as indicated by the fish farm mamage It was assumed that every

calendar year has a similar production and strategy.

Growth

The fish growth was determined using the weight based Von Befialagthod (Pauly,
1986, Sparre and Venema, 1998). The production timgeft recruitment age df and target
weight (Wharke) Of €ach species together with the asymptotic weight) (@btained from

literature (Froese and Pauly, 2006) produced the curvature coefficient K usitigrequa

K = —| Wmarket 1/3D 1 1
- n B Tm E market"to [ ]

With the curvature coefficient and the available parameterd/dheBertalanffy equation (2)

was applied, computing the individual weight of the fish)(W
\/\/t = V\l0 [@ 1_éK[c['to))3 [2]
The Von Bertalanffy equation was derived in order to find the growth rate.

=, (BIKf1-e00)) ) [3)
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Mortality

To estimate the mortality rates a stochastic model wasedpptapted from Sparre and
Venema, (1998). Mortality is considered to occur graduallyh wibrtality being generally
higher in the more vulnerable juvenile life stage (Yung, Pers. Comm.).

Mathematically, the mortality coefficient (Z) was formulated agrection of survival rate (S),

the production time {twe) and the introduced juvenile success factor (J), responsible for

shifting the mortality towards or away from the early life stages.

Z=-In(S)0>, [4]

tmarkel

The number of individuals of a batch of fish at any given timgdduld then be expressed as

shown in equation 5 whereyKepresents the initial number of individuals.
(= N, [&27 [5]
The mortality rate is derived from equation 5.

N =N, D ZEY ot [6]

dat

Biomass yield

The amount of biomass is made out of the number of individuals withtaanceveight. The

rate of biomass increase per unit of time was determined by using equation 7.

d d
T? = T\?I DNt [7]
Metabolism

The amounts of N, P and C retained in the fish was determinedultiplging the biomass
with the average proportion of N (4.42 %), P (0.68 %) and C (19.30 %rdesel for
Atlantic salmon,Salmo salar(Hall et al., 1990, Hall et al., 1992, Holby and Hall, 1991,
Holmer et al., 2002).

The retained N, P and C can directly be related to the amoumtis$ien using metabolic

ratios (table 1) based on Atlantic Salm@&alno salay according to Ramseyer and Garling
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(1997) and Gowen et al. (1989) and Areolate Grougpmgphelus areolatysas described
by Leung (1999).

Table 1: Metabolic ratios for N, P and C as a percentage of the consumed N, P and C.

Anabolism Catabolism Faecal Excretion
Nitrogen 30 61 9
Phosphorus 32 17 51
Carbon 20 60 20

Consumed and wasted feed

With the given pathways as a percentage of the consumed feedspiredeand faecal

amounts of N, P and C can be derived:

F rewned F

Retained

+F

Respiration

I:C Fae [8]

onsumed

The amounts of given N, P and C were determined considering theosihions of trash fish

and formulated feed (Holmer et al., 2002) given in table 2.

Table2. Share of nutrients in given feed as wet weight.

Trash fish Formulated feed
Nitrogen 4.42 % 5.03 %
Phosphorus 0.68 % 1.26 %
Carbon 19.30 % 43.83 %

The share of N, P and C lost with wasted feed was computed bacting the consumed

feed from the total input of N, P and C to fit the balance of equation 9.

F

Wasted

I:T + F Consume [9]

otal —

Figure 3 gives an impression of the numerical model setup thaiesppe mentioned
equations to compute fish growth, survival and biomass curves, consumeddesdiasions
of a batch of fish.
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Figure 3 Mass balance fish growth model GUI.

Seed origin

The model distinguishes hatchery based aquaculture and capture basedltare. For
hatchery based species it was assumed that a fish colworeevaited at one point and then
grows on, while the capture based species were assumed to be lmoewngtly throughout

the year by averaging the production over the modelled period.

3. Results

Total feed input in the Serai Area

Feed input for all cage clusters in the area lay around 82.6 + Rlday, 13.1 + 3 kg P/day
and 349 + 80 kg C/day. The feeding pattern follows a seasonal pati@baplyr caused by
external influences around monsoon seasons influencing fish wellbeingnantality rates

(Yung, Pers. Comm.).
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Figure 4: Input of N, P and C for the entire Serai area.
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Computed feed conversion ratios in the Serai area

The FCR values of the model range from 4.8 to 7.4 throughout the ythaarwaverage 0f|
6.0 £0.9.

The specific FCR’s for N, P and C vary slightly from each mptla@eraging 6.0 + 0.9|
6.2 £ 0.8 and 6.4 £ 0.7 respectively (figure 5) but follow the samerpaif the standard FCR
throughout the year. According to the model there was a seasomaiovaof feeding
efficiency throughout the year, with high FCR during the periodsy,Mune and November,

coinciding with the feed input.

o]

(o2}
T
|

Il FCRN
+ElFCR-P
[ JFcrC

Specific FCR
&

N
T

0 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 5: FCR-N, FCR-P and FCR-C throughout the modelled period.

Fish farm emissions in the entire area

For N and P emissions, wasted feed was the largest source. dlseathe only emission that
fluctuated according to the feed input. The retained amount (anabofissp)ration rate
(catabolism) and faecal excretion were relatively constamugfimout the year. For N,
respiration was the dominant metabolic process (figure 6). Consunveas Fnainly lost
through faecal excretion (figure 7). Carbon respiration exceedsnbent of C lost through
wasted feed (figure 8). The losses through mortality were the smallest.

Emission averages are shown in table 3.

Il Wasted
Il Retained
Il Respired
Faecal
| IMortality

N [kg/day]

0 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 6: Retention and emission rates of nitrogen throughout the nmaggiériod of all

cage clusters within the Serai area.
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Figure 7: Retention and emission rates of phosphorus throughout the modelling gfesibd

cage clusters within the Serai area.
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Figure 8: Retention and emission rates of carbon throughout the modelling peatcadge

clusters within the Serai area.

Table 3: Averaged daily rates for growth and emissions, occurring in the entire area.

kg N/d kg P/d kg C/d
Retained 13.43 +£2.22 2.07+0.34 58.63 +9.68
Respired 27.3+ 451 1.10+0.18 175.88 £ 29.0
Faecal 4.03 £ 0.66 3.29+0.54 58.63 £ 9.68
Wasted 36.79 £ 15.07 6.45+2.13 81.29 +£45.2
Mortality 15204 0.23 £ 0.06 6.55+1.76

Based on these results, the distribution of N, P and C in patécana dissolved form can be
displayed as a percentage of the total amount of given feed dbangddelled period as

shown in figure 9.
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Figure 9: Feed distribution for N, P and C for the entire area, as anageeof the entire

modelled period.

4. Discussion

Model verification

Model results were compared to several studies available,iatisa&ites which describe and
guantify the distribution of given trash fish feed over the occurriraggases based on
measurements.

An important indicator is the feed conversion ratio. Previous studies indicatecfeaasion
ratios ranging from 4 to 9 according to Blyth and Dodd (2002), 6.5 accdalistam (2005 )
and Leung (1999), and 6.3 for trash fish and 5.5 for a mixture of trashnfisfoemulated
feed (Santoso and Nursetiarso, 1999).

The model computed similar values, indicating that the biomass yehdides with the
given feed input.

According to the model, a major part of given N, P and C is |la$tet@nvironment. Table 4
shows the total feed input distribution of the model and those avaditabieliterature, taken
from field measurements by Leung (1999) and Wu (1995).

These results indicate that the observed retention and emissions approach thoseidiethe
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Table 4: Modelled and measured emissions (Wu & Lueng) as a percenthgetatal given

feed.

Retained Respired Faecal Wasted Feed Total

N | Model 12-14% |28-43% |4-6% 30-55% 79 -86 %

Wu 52 -95%
Leung |12 % 46 % 4% 38 % 88 %

P | Modd 14-20% |7-10% 22-31% |39-58% 80 — 86 %
Wu 85 %

C | Mode 15-19% |40-56% |13-19% |7-33% 80-81%

Wu 80 -88 %

Ladwig and Hesse (in preparation) investigated emission rateanégns of field

measurements at cage cluster Il. This approach utilised rites through the cluster and
temporal water quality measurements done during one day to tstoissolved and

particulate loads of N, P and C (Table 5).

Table 5: Model results compared with Ladwig and Hesse (in prep.) foraagier 11, based

on measurements taken in September.

Dissolved Particulate Total
Model Ladwig Model Ladwig Model Ladwig
(2006) (2006) (2006)
Nitrogen 7.0 kg N/d 8.9 kg N/d 7.2 kg N/d 2.4 kg N/d 14.2 kg 11.3 kg N/d
N/d
Phosphorus 0.3 kg P/d| 0.6 kg P/d 2.0kgPjd 3.3kgP/d 2.3kgP/d 3.9kgP/d

Carbon 45.2 kg Not available| 23.4 kg 25.8 kg C/d
C/d C/d

The model results lie within the order of magnitude when it cdméise dissolved and total
nitrogen emission, but varies greatly when considering particulaigeit while phosphorus
emission is measured almost two times higher than the model tpoediat their phase
distribution lies well in range with the measured values. Carbanomly observed in its
particulate form and fitted well with the model results. Howeweore calibration with

different farms and fish species would be preferable to verify the tajiaidithis method.
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Assumptions

There were several assumptions taken which simplified the compdeesses occurring in
and around cage fish farms and could influence model results.

The compositions of fish biomass was assumed to be fixed and netalumesses were
considered to take up fixed percentages of N, P and C of the conseedethfoughout the
life stages of the fish. However, the processes of metabalmshthe resulting fish biomass
compositions may vary per species, life stage and feed type or qualgg€iMa988)

Since growth curves are based on given target weights and growweoots, water
temperature does not play a significant role in the predictedtigroate of this model.
Estimated mortality does not consider external influences sucdmamgst others, turbidity,
low dissolved oxygen syndrome or parasites which can cause fisés sind disease
influencing this mortality rate (Masser, 1988). It was indicatgdhle fish farm management
(Yung, 2005) that increased mortality occurs around monsoon seasoreseffbets were not
captured by the model and might affect fish numbers, biomass aatbatietratios of the
remaining fish and fish farm emissions.

Since the management of a fish farm can be quite complex wifment types of feed are
used, different species of various life stages are kept ane ielbercan come from different
origin (hatchery or capture), a good insight in the farm manageis crucial for describing
the input parameters of the model. More detailed definitions of tleeseited fish would

improve model results.

Since these modelled emissions resemble a gross output, furttgsigmf hydrodynamic
displacement and the acting biological processes are necdesdstermine the holding
capacity. Therefore mass balance model results should functiopuwsinto hydrodynamic

water quality models.

Apart from nutrient discharges from fish farming activity, domeestputs from the local
settlement may add to the total anthropogenic nutrient load ofrd¢lae As it is usually the

case in developing countries, the small village does not havesewgge treatment. Most
nutrients are directly discharged as human waste into the shakanshore area below the

pile dwellings. Assuming per capita emission rates to be 7.6 g N/8ay, 1.6 — 1.7 g P/day

and 76 - 79 g C/day per kg (Schouw et al., 2002) and considering thepagukation size of

~ 136 people, it turns out that human excretion is responsible for asiemof 31.4 — 32.7

kg N/month, 6.6 — 7.0 kg P/month and 314.2 — 326.6 kg C/month. This discharge is, when
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considering the whole area, responsible for around 1 — 3 % of the totantubput.

However, locally (200m radius) this load becomes more significant (4 — 8 %).
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Abstract

The discharge and distribution of particulate and dissolved nutrient3) (deriving from a
traditional caged finfish farm situated in the Bintan archipelage examined. Annual
production of the farm amounted to 30 t of fish, most of which were graupait/
discharge of particulate organic nitrogen accounted for 2.4 kg Nreatmdor dissolved
nitrogen a daily load of 8.9 kg N was found. The bulk of dissolved organogeiirreleased
(6.9 kg N) was made up of urea (4.8 kg N). Particulate phosphorus discr@arounted for
3.3 kg P/d, for dissolved inorganic phosphorus calculations resulted in dodailgf only 0.6
kg P. Particulate organic carbon was discharged at a rate of 2&&l kBarticulate nutrients
rapidly decreased down to background values at the border of the rilshcéastruction
indicating rapid sinking of the particles. However, no accumulatiqmadfculate matter was
observed on the sea bottom beneath the cages. This suggests a pgmsiodisof the
particulate material due to the strong currents of > 1 m/s.uf@lof enhanced dissolved
nutrient concentrations and elevated BOD24 values was restriceedlistance of less than
200 m around the farm. Oxygen saturation during daytime generageéad 100% in the
water column of the entire area. During the night period it damglightly down to 90%.
There was no obvious effect of nutrient release on phytoplankton bicamagssessed by
chlorophyll a measurements. This may be due to the high flushing rates atiomnelto
phytoplankton doubling time. An approximation of the eutrophication status dsthé&rm
area using the TRIX method revealed that it was moderatetgpditated. The holding
capacity of the entire area for upscaling of fish farminiygies was determined assuming
that total nitrogen discharges from the fish farms have not to ssugahreshold of 1% of
total hydrodynamic nitrogen flux. Despite the fact that nutrieathdirges per kg of fish
produced distinctly exceeded the HELCOM recommendations the holalragity estimates

would allow for an annual production of 3000 t of fish in the entire area.
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1. Introduction

Indonesian fish production from mariculture was 420919 t in 2004 and shopisl in@ease
over the last 10 years (DKP 2005). In contrast to fish farming in indiised countries,
which is often based on cutting edge technologies with automateidedevices and
formulated feed pellets, threshold countries such as Indonesia pnattlisn apply low-tec
solutions with a comparably high amount of handcraft and trashdigéed. Emissions from
this kind of fish farming practice generally refer to nutriemtsre than to other pollutants
such as antibiotics or antifouling paints. Especially under oligotropbjmical conditions
dissolved nitrogen and phosphorus compounds derived from excretion and feed#ibass
particulate nutrients released as faeces and waste feed lgadyto environmental
deterioration. However, the response in terms of immission lerdIs@sequent ecological
impact is not directly related to emission loads but mediatedthey site specific
hydrodynamic settings. Therefor, the critical load of fishmfarperation has to be defined
according to acceptable limits of nutrient enrichment in the region.

In the present study dissolved and particulate nutrient emis@ihs DON, urea, PON,
PO4, PP, POC) from a traditional coastal cage fish farm in kxiarwere quantified and
compared to the levels of nutrient enhancement and the occuofesmeondary effects in the
surrounding sea area. Environmental sustainability with respect termutnrichment was
evaluated applying different modes of classification derived fronws eutrophication

assessment approaches.

2. Material and methods

Geography and hydrography

The study site is situated in the Riau archipelago (South Cha)ee8st of Sumatera between
the islands of Siulung and Serai close to the Selat Telangt(8tradelang), which is
approximately 200 km southeast of Singapore (fig. 1). The investigltating cage fish
farm (Hiang Fishery Company) was installed on both sides méreow nautical channel
between these two islands.

The channel is approximately 500 m long and 300 m broad with a maximuhm afej m
and a coral barrier reef in 4 m depth at the western end. The bopography beneath the
fish cages on the Siulung side of the channel shows steep gradiemt$-ir4 m depth within
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a distance of 30 m. The mixed dominant diurnal tides in combinatiorbattbm topography
result in strong currents of up to 1.3 m/s with an east to westtidin during flood and vice
versa during ebb tide. The fish cages represent a barrier fitothevhich channelises and

accelerates the tidal currents between cage bottom and slope.
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Fig 1: Area of investigation and location of fish farm (white square).
(Source: Google Earth 2007)

Fish farm description and operation

The fish farm complex consists of floating rafts with netgdixo the seafloor by ropes and
anchors. It can be devided into eight groups of cages (clustersjeoéuli size and fish stock.

Measurements refer to the largest cage cluster at Siullamgl.idt consists of 112 individual

fish cages with a size of 4x4x3 metres each, resultingotablength of 120 metres, a width
of 30 metres and an overall volume of 5000 m3. The multispecies breedictgcgrof the

company encompasses about 10 cultured fish species. In the respagiwduster the focus
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Is mainly on the production of Tiger Groupdfp{nephelus fuscoguttafysPotato Grouper
(Epinephelus tukula Yellow-banded SnappeLtjanus adetl and Red Emperoi(tjanus
sebag with an annual yield of about 30 t. The stock size in September 2006naed for
36000 fish with an overall wet weight of 9000 kg. Stocking is based ethdingerlings
derived from a hatchery or on juvenile fish from wild catchesdifgeis done manually in
the time span from 10:00h to 12:00h using mostly trash fish as feegd dGmhg periods of

limited trash fish availability feed pellets are used.

Sampling strategy and analytical methods

In September 2005 hourly measurements close to the fish farm #nel amannel between
Siulung and Serai were conducted during the daylight period in combinvatiomecurrent
multiship surveys to investigate in the temporal and spatialildistn of dissolved and
particulate nutrients, dissolved oxygen, chloroplylend suspended matter. The spatial
survey covered a sea area of about 40 km?2 between the islands of SMamgng and
Telang encompassing a high resolution sampling grid in the claséyif the fish farm site
(1 km2).

Measurements of current velocity and direction were conducted insigey dish cages by
means of a subsurface drifter. Vertical profiles of temperasainity, oxygen, chlorophyll
and PAR light availability were obtained using a calibrated @iitiprobe (ME) equipped
with a Clark cell (OxyGuard), a backscatidtometer (Haardt) and a 4m-quantummeter
(LiCor). In addition, water transparency was determined by Sdddhreadings. Daily cycles
of in situ oxygen concentrations and saturation were measuredarsiogtical stand alone
probe (Hach).

Since CTD-profiles revealed that the water column was véytioaixed, the collection of
discrete water samples with 5I-Niskin bottles was restricted to a Jpth-der the analysis of
chlorophyll, SPM and particulate nutrients (POC, PON, PP) subsasmje immediately
filtered through Whatman GF/F filters. Filters were daegdn (-20°C) until further analysis
in the German laboratory. For the determination of dissolved inorgamientat(NH4, NO2,
NO3, PO4) and urea concentrations subsamples of the filtratepneserved with mercury
chloride (HgCI). For DON and DOP analysis another subsample diftthee was digested at
120°C on-site using peroxodisulphate as oxidizer. All nutrient sammes stored in the
dark.

Separate water samples were preserved for the detewninati the biological oxygen
demand in 24 hours (BOD24), which was done on the basis of Winkler titration (1888).
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Chlorophyll a analysis was carried out using standard HPLC techniques. Suspeatted
concentrations and loss on ignition (LOI, combusted at 550° C for 2 houesdetermined
gravimetrically. Analysis for POC and PON was performed waittelemental analyser (Euro
EA) following standard protocols on carbonate-free samples. Contem$raf particulate
phosphorus and dissolved inorganic and organic nitrogen and phosphorus weninddte

according to Grasshoff et al. (1999).

Load calculation

Data was analysed by means of a t-test for significaférdiices between concentrations at
the fish farm and in the channel. In order to calculate emissseaseguations below) which
are discharged from the fish farm, in situ nutrient concentra{iG)svere measured inside
the fish farm starting at 9:00h in the morning until 17:00h. Local bacikg values (€)
derived from simultaneous measurements upstream in the channebwbesteacted from
these data resulting in a remaining concentratignwich can be attributed to the fish farm
emission. Water flow-through (Qwas calculated from measured current velocitieg (V
inside the fish cages multiplied with the flow-through area (A = 72 m3t &specific time is
than multiplied with the respective; @ determine the hourly load ;L L; values were
integrated over the eight hour period of measurements. In case ofvelissotcretory
nutrients (NH4, PO4 and urea) the resulting load (L) was multiphly a factor of 3 to
account for a daily discharge, assuming comparable daytime andimghtlease of
dissolved phosphorus and nitrogen metabolic products by the excretony ®fsfish. By
contrast, for particulate matter an additional nighttime faegafetion is unneccessary to
calculate, because release takes place until eight hourseaftiang even for fish with a long
intestinal tract (Sumagaysay-Chavoso 2003). Therefor, the mdagargculate discharge

over the eight hour period was taken as a daily load.

Eq. 1: G=(G-G)
Eq.2:Q=A-V,
EqQ.3:L=CG-Q

Eq. 4: L= Ly + Lio ..t Lig

where:
Ci = concentration for load calculation

C: = concentration at fish farm
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Cp = background concentration
Q; = water flow-through at fish farm
A = flow-through area

Vi = current velocity

L; = hourly load
L = daily load
3. Results

Dissolved nutrients

Marine tropical waters not subjected to freshwater input arellysaobgotrophic. In

accordance, the inorganic nitrogen concentration in the Selat Tateags low. The tidal
average of background concentrations of dissolved inorganic nitrogen acctormies uM

DIN, the bulk of which was attributed to ammonium (0.3 uM NH4-N). In restt the

average ammonium concentration at the fish farm accounted for 1.0 pANN{thb. 1).

Maxima for inorganic nitrogen components were 1.8 uM DIN-N includiriguM NH4-N

and generally occurred six hours after feeding. Ammonium reprelsanoeit 20% of the total
dissolved nitrogen released from the fish farm and summed up to 1.8 kg/d NH4-N.

Tab. 1. Maximum and average concentration of particulate and dissalugient
concentrations, suspended matter and loss of ignition at the fiskcéempared to reference
background levels. The last coulmn displays the calculated daily dischargthédanm.

REFERENCE FISH FARM
parameter units average maximum average load
(kg/d)
DIN (LM) 0.5 1.8 1.4 2.0
NH4 (LM) 0.3 1.5 1.0 1.8
DON (uM) 8.9 20.3 13.8 6.9
Urea (LM) 0.4 3.8 2.2 4.8
PO4 (LM) 0.03 0.3 0.15 0.6
SPM (mg/l) 2.5 16.1 6.1 175.8
LOI (mg/l) 0.9 4.9 1.9 66.8
POC (LM) 15.2 59.6 47.8 25.8
PON (LM) 1.5 5.6 4.2 2.4
PP (LM) 1.8 8.3 3.9 3.3

With respect to dissolved organic nitrogen, high background value® qiNd DON were
observed which can be attributed to humic substances leaching frenmangroves.

However, concentrations at the fish farm were by about 50% higbentng to an average
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of 13.8 uM DON with a load of 6.9 kg/d DON the dissolved organic nitratpaned almost
80% of the total dissolved nitrogen load.

As a part of DON, urea levels were investigated separddelyending on the species and on
environmental conditions, fish can excrete metabolic N-wastasasonium and urea. Even
though most fish are described as ammoniotelic, mixed forms of ammoand urea
excretion are common, e.g. 75-90% of the nitrogen is releasedasngemand 5-15% as urea
(Dosdat et al. 1996). The average urea concentration betweeshltadies was 2.2 uM urea-
N representing an increase of 500% when compared to the aveckgeooad level of 0.4
HM. With a load of 4.8 kgN/d urea made up 70% of the total DON amdseqts twice much
as NH4-N released from the fish farm.

The average dissolved inorganic phosphorus background concentration was CRE34pRM
A mean concentration of 0.15 pM PO4-P at the farm site equalscesase of 500% in
comparison to average background conditions in the channel. The daily phokatthte
calculation reveals an emission of 0.6 kg PO4-P.

Measurements refer to a temporal restricted sampling perioejgtg hours during daylight.
However, metabolism of fish requires time to release metabwalstes through the excretory
system. Sumagaysay-Chavoso (2003) detected two main peaks inoexofethe tropical
milkfish (Chanos chanog-orsskal). The first peak of total ammonia nitrogen (TAN) and
phosphate (PO4-P) excretion occurred 6 hours after feeding andcthvedsl8-24 hours for
TAN and 21 hours for PO4-P. Figure 2 supports these findings for thedraguaculture at
the Siulung fish farm. An increase of urea (fig. 2 b) and ammoltoads (fig. 2 ¢) occurred 6
hours after feeding. For phosphate two peaks are visible: A firstrredc5 hours after
feeding (15:00h - 16:00h) and a second in the morning 22 hours aftengdédi 2 d). In
case of ammonium and urea a second peak in excretion was nadcbyeghe measurement

period.
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Fig. 2 a-h: Concentrations of dissolved nutrients (a-d) and particubstances (e-h) as well

as calculated hourly loads from the fish farm (flow-through indicated in diageswunoff).
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Particulate matter

Compared to offshore tropical regions the waters betweenlamel$sof Siulung and Serai are
rather turbid. The Secchi depth at a site in the central chaamelte from the fish farm
accounted for about 4.4 m in an average. By contrast, Secchi depthaclibsefish cages
decreased to only 2.4 m. The tidal average of suspended matter catnmesnin the channel
was 2.5 mg/l SPM (tab. 1). The mean loss on ignition (LOI)ragquivalent of organic
matter content accounted for 0.9 mg/l. In keeping with the Secdhireélings increased
SPM values of 6.1 mg/l and a LOI of 1.9 mg/l were observed in thetdisd farm vicinity
resulting in an average increase of a factor of 2 when comparetdannel background
values. Estimates of the suspended matter load from the fish cages resiite@ikg/d SPM
and 66.8 kg/d LOI.

In accordance with the increased SPM loads near the fish ¢thggsarticulate fractions of
organic carbon (POC), organic nitrogen (PON) and phosphorus (PP) wenetlgistigher at
the farm site than in the channel. Average concentrations amoord@dBtuM POC, 4.2 uM
PON and 3.9 uM PP which represent an increase of 315% for POC, 28P®@Naand 217%
for PP when compared to background concentrations (tab. 1). Calculatioa pérticulate
nutrient load deriving from the cages yielded in a dischar@b & kg/d POC, 2.4 kg/d PON
and 3.3 kg PP per day. While loads of SPM (fig. 2 e), LOI, P@CZff) and PON (fig. 2 g)
were highest approximately 6 hours after feeding (15:00h -16:00h) thienoraxPP load
occurred around noon (fig. 2 h).

Comparison of calculated loads with model investigations

Balance model investigations for the fish farm based i.a. on produtata and metabolic
rates were carried out by Van der Wulp (this volume). Comparisbeld and model data of
particulate nutrient loads revealed that they are in a sinaiteye (tab. 2). Model data for total
particulate carbon discharge (TPC) from the farm accounte®3fdrkg/d, thus constituting
only a small deviation of about 10% when compared to field data lgf ghaticulate organic
carbon emissions (POC). This surplus may be due to the facththanhadel also takes
inorganic particulate carbon into account. Model data for total pateulitrogen (TPN)
accounted for 7.2 kg/d, 4.8 kg/d more than the PON load (2.4 kg/d) asedsbgdbe field
measurements. Modelled loads of total particulate phosphorus (TP&RwWekg/d and thus
1.3 kg/d lower than the measured discharge of particulate phosphoruevét, it should be
noted that, due to the applied methodology, measured particulate phosphorugPPads
include an undefined amount of particulate inorganic phosphorus. With regpéhe t
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dissolved fractions of nitrogen and phosphorus model calculations resubiedisoharge of
7.0 kg/d TDN and 0.3 kg/d TDP compared to field data of 8.9 kg/d TDN arkg@ e O4-P
measured.

In total the model and field data are in a quite good agreement whesidering the rough
assumptions made in both assessment methods (see also Van der Wgulmlume).
Moreover, model calculations were based on an entire production cgaléng in average

daily loads, whereas field measurements constituted a snapshot of aerksitrietperiod.

Tab. 2: Comparison of calculated daily loads from the farm witlehdata (see van der
Wulp, 2006).

FIELD MODEL
(kg/d) (kg/d)
particulate particulate
POC 25.8 23.4 TPC
PON 2.4 7.2 TPN
PP 3.3 2.0 TPP
dissolved dissolved
TDN 8.9 7.0 TDN
DON 6.9
Urea 4.8
DIN 2.0
NH4 1.8
PO4 0.6
0.3 TDP

Spatial nutrient distribution

For most of the parameters a gradient in concentrations towaedtaim site is visible.
Immissions are not restricted to the vicinity of the fish faloom, the spatial distribution of
dissolved nutrients in the channel follows the actual current patighrhighest values close
to the fish cages (figs. 3 a-c). Levels of DON, DIN and POreased by a factor of 2, 8 and
10, respectively, at the fish farm site when compared to the background concentrations
The suspended matter distribution corresponds to the distribution ofvédsualtrients. SPM
levels increased by a factor of 2 close to the western net bfigerd) and elevated
concentrations extended in a plume reflecting the prevailing cudiesdtion during flood
phase: water masses enter the channel from the eastermdidesaenriched with dissolved
and particulate matter when passing the fish farm. The distribofigrarticulate organic

material (LOI) showed a strong similarity to that of SPM.
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Fig. 3 a-c: Distribution of dissolved organic (a) and inorganic reimo@dp) and phosphate (c)

(cages indicated as transparent objects — cluster 2 is located in the losette Siulung).
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Fig. 4. Suspended matter dispersion between the islands of Siuluggmndaverage current

speed in the channel indicated as arrow).

With respect to particulate organic carbon (POC), nitrogen jBQ@Nparticulate phosphorus
(PP) spatial maxima were restricted to the dimensionkeofarm area itself which may be
due to rapid sinking and grazing of these particles. A POC maxiamounting to 30 pM
POC was observed at the net cleaning plattform where patBculatter is washed from the
nets into the sea. POC concentrations decreased to local backgroundratinosrdaf 11 pM
POC at the western end of the cage cluster (fig. 5 a). O distribution showed a similar
pattern with maximum levels of 4 uM PON at the net cleaniagepWhereas a rapid decrease
down to 1 uM PON was observed at the edge of the fish farm (fig.5 b). Thesapatiggest
that the bulk of particulate nutrient emissions derives from theleabing process, however
rapid sedimentation or grazing prevents the dispersion of the pasicuaterial. For
particulate phosphorus, gradients show a slightly different pictigeXfc). Two maxima of
4.3 uM PP and 4.8 uM PP were located in the center and at the sdaghden of the cage

farm.
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Fig. 5 a-c: Distribution of particulate organic carbon (a) and nitrogem¢bparticulate

phosphorus (c) in the fish farm area.
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Biological effects in the pelagic environment

Biological oxygen demand

As an immediate consequence of the availabilty of degradablei@mhadézased from the farm
the biological oxygen demand (BOD) in the vicinity of the fish cageseased. However, it
should be kept in mind that the samples were incubated in closedbe#ites and that the
measurements thus do not reflect the in situ oxygen consumption. Covgsinitural in situ
conditions of the area which is characterised by average cgpeeatls of more than 60 cm/s
it is likely that the bacterial decomposition process of orgamatter is much slower than the
fast removal of organic matter. Therefor, the BOD is rathproay for the organic matter
content than of the in situ oxygen consumption. This is confirmed bgithiarity in the
distribution of BOD and particulate organic carbon. Inside the fish fae biological oxygen
demand in 24 hours (BOD24) was 1.0 mg/l. It rapidly decreased towarasiddé of the
channel (fig. 6). Assuming a stoichiometric ratio of oxygen to cal) of 2 and a
respiratory quotient (RQ) of 0.7-1.0 (Parsons et al. 1977), the BOD@2w darm equals a
carbon demand of 0.26-0.38 mg/l in 24 hours.
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Fig. 6: Pattern of the biological oxygen demand (BOD24) around the fish farm.

Oxygen availability for in situ degradation of organic mattes \@bmost constant above the
100% saturation level in the entire area around the fish farm (fig. 7). Thiseceterthe entire
water column during daytime whereas during the night period onlyarrdecrease to 90%
saturation was observed in a depth of 1 m below the sea surfadewrpelagic chlorophyll

a concentrations (< 0.5 pg/l) and the persisting high oxygen levéie ideep water suggest
that benthic net photosynthesis constitutes a main oxygen souhmeare.. One reason may
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be the net oxygen production by zooxanthellae from the abundant oamaiunities in the

region.
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Fig. 7: Oxygen saturation between the islands of Siulung and 8erimg daytime and

diurnal variation at the fish farm (insert).

From current measurements inside the fish farm a daily lateithrough of 54.3 m3/d can
be deduced. This volume of water has a daily carbon degradation caygdityt-20.6 g C/d
compared to a load of 25.8 kg POC/d (see above). Part of this omatecial will be

decomposed in the water column in the direct vicinity of the fism fathereas another

fraction will be subjected to sedimentation.

Phytoplankton and light availability

Intense PAR radiation of more than 2000 pmol/m2s penetrates therfsez @t noon. In a 10
m depth a light availability of 75 pmol/m?s was still observedultsng in an attenuation
coefficient of 0.33/m and an euphotic zone depth of 14 m. Considering thenamaxwater
depth of 15 m in the channel an average light intensity of 400 pumolA&Rd<Pavailable for
phytoplankton photosynthesis in the vertically mixed water column. @knedight
compensation intensities of marine phytoplankton are well below thie yalg. Falkowski &
Owens 1978). Light supply is thus sufficient for net primary productidowever,
chlorophylla concentrations as a proxy for phytoplankton biomass were low. Tleeyrated
for 0.1-0.5 pg/l and revealed an undifferentiated spatial patghout any increase in the
fish farm vicinity. Vertical variability of chlorophylla as measured with a backscat
fluorometer usually ranged between 0.1 and 0.3 pg/l. HPLC pigment ian@#iys8) revealed
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the parallel occurrence of the pigments fucoxanthin and diadinoxastmretimes in
conjunction with zeaxanthin, indicating that the autotrophic plankton maongisted of
diatoms (bacillariophyceae) and small amounts of cyanophyceateisAthe case for many
tropical seas, phytoplankton growth was obviously nutrient limited. dgackd
concentrations of dissolved nitrogen and phosphorus were in the range aftrimbitation,
whereas silicate was plenty enough. However, it cannot be dedocedhie data set whether

nitrogen or phosphorus was the main limiting nutrient species.
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Fig. 8: Pigment composition of the phytoplankton community in the area of investigation.

5. Discussion

Sources and pathways for particulate matter

Particulate emissions can be attributed to different sourcé#seimperation of a fish farm.
Especially when trash fish is fed pronounced amounts of feed art s environment.
Other particulates are due to the excretory products releastabees. Net cleaning from
fouling may be another important source of solid emissions. At thlargi fish farm this is
realised via steam blasting on a swimming plattform. The isq@lateern of particulate and
dissolved nutrients in the fish farm area are a hint for the datthe substances. While
dissolved nutrients are subject to advection in the surface wategntitted organic particles
(POC, PON, PP) tend to sink to the deep water which is reflégtede rapid decrease of
concentrations beyond the fish farm itself. However, no accumulatioredimentated
particles has been observed underneath the cages (Runte, pers. ddmsmmplicates that
the particulate matter derived from the fish cages is sutgéstense advective transport near
the bottom and/or dispersed over a wide area. In fact, strongqisueeceeding 1 m/s were

observed underneath the cage constructions which is due to a hygrautidoetween the
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cage and the sea bottom. It can thus be suggested that a detioir#ti@sediment due to the
emission of particulate material from the fish farm is pn¢éee by the hydrodynamic
characteristics of the area. This is confirmed by the highgexysaturation levels in the

bottom water.

Phytoplankton reactions and nutrient availability

When compared to light compensation intensities of marine phytoplanktorgvérage
underwater light intensity in the Siulung area does not constituimiting factor for
phytoplankton primary production. In turn, low nutrient background values and low
chlorophyll a concentrations indicate that primary production is nutrient limideftlitional
nutrient supply might than stimulate phytoplankton growth especwelly respect to the
outstanding light supply.

The bulk of total dissolved nitrogen discharge from the fish famaer study was made up of
dissolved organic nitrogen (DON). Generally, DON can representga [zart of the total
dissolved nitrogen pool especially in regions which are supposed to bgeniimited.
Besides refractory humic and fulvic acids which may constitut8080-of DON (Alberts &
Takacs 1999), highly labile fractions of urea and dissolved free aatidg belong to the
DON pool. They are preferably taken up by some phytoplankton seuidsence have fast
turnover times from minutes to days (Bronk et al. 2006).

The urea fraction of the nitrogenous waste derived from the fish farm wesgher (factor
2.7) than the released NH4-N fraction. When compared to other stldisdat et al. 1996,
Handy & Poxton 1993, Kaushik & Cowey 1991) this value is extremely Wiglhow, it
shows that the importance of urea as relevant source of pollutionlds not be
underestimated.

From the data no obvious increase in phytoplankton biomass was observediainiheof
the fishfarm despite of the higher availability of dissolvedogién and phosphorus. The
plume of enhanced nutrient concentrations was limited to a distaniessothan 200 m.
Considering the median current velocity of 0.65 m/s a water body a&eds 5 minutes to
leave this area. Phytoplankton cell division, however, is in the ordkaysf i.e. in the present
case the flushing rate is much faster than phytoplankton generaienlh contrast, fish
farming areas exhibiting long residence times in combination gatm weather conditions
may be affected by nutrient stimulated HABs as observed iBtiieao area, Phillipines
(Holmer et al. 2003). Hence, hydrodynamics are of primary impogtan a suitable site
selection for the implementation and operation of marine fish farms (Windupranatgn, 2007
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Evaluation of the eutrophication status and the holding capacity of the area
Classification of the eutrophication status

A comparative calculation of the Trophic Index (TRIX) after l€olveider et al. (1998) was
carried out using the averaged data of one sampling station &tttiarm and another in the
channel. The following equation was applied:

Eq. 5: TRIX = (logo [chl x aD%O x TN x TP] + k) / m

where:

chl = chlorophylla concentration [ug/l]

aD%O0 = absolute deviation from oxygen saturation [%)]
TN = total nitrogen concentration [pg/l]

TP = total phosphorus concentration [Lg/l]

k=15

m=1.2

The parameters k and m are to determine the lower limit ohttex and the extension of the
scale (0-10). Total nitrogen and phosphorus concentrations incorpasatdved inorganic
(DIN, PO4), organic (DON, DOP) and particulate (PON, PP) compotradghe fish farm a
TRIX value of 4.8 and in the channel a value of 4.4 were found (tab.c®prding to
Giovanardi & Vollenweider (2004) values lower than 4 TRIX units ap@ated with
scarcely productive coastal waters whereas values exceediRgX6units are representative
for highly productive coastal waters. It thus follows that tlggore under investigation can be
characterised as a moderate productive area with the wattes fish farm itself taking an

intermediate position.

Tab. 3: Data applied for the calculation of the Trophic Index (TRIX).

Reference Fish farm Units
chl 0.2 0.2 [ug/l]
aD02% 2 2 [%]
TN 150 271 [ug/l]
TP 103 169 [ua/l]
k 1.5 1.5 [-]
m 1.2 1.2 [-]
TRIX 4.4 4.8 [-]
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Determination of the holding capacity

The maximum holding capacity of the entire area for the upscafifigh farming activities
has been determined by water quality modelling on the basis ofmugn@ssions from the
farm and an allowable nutrient enhancement of 50% above background catnmesitr
(Ozgiirel, this volume). The model calculations resulted in an atlewexpansion of fish
farm activities by 60 cage clusters equivalent to a stocko$i280 t of fish corresponding to
an annual production of about 1400 t.

A more simple approach to estimate the holding capacity ofieededrea for sustainable fish
farm activities is based on the assumption that nitrogen emigsigsisnot surpass 1% of the
total nitrogen flux through the area. The nitrogen flux was cadkuilaan the basis of
hydrodynamic model data on net water transports (Windupranata, pems.and total
nitrogen concentrations at the boundaries of the area. The net volumatesf transport
accounted for 8200 m?/s, resulting in a total nitrogen flux of about 104p00I/d. The total
nitrogen discharge from the fish farm under investigation (11.3 Ml)Trepresents only
0.01% of the total flux through the area, maximum tolerable emissinrthus be increased
by a factor of 100. Considering the average production of the fishalarmonting to 30 t per
year (Van der Wulp, 2006) it follows that fish production in theaaan be upscaled to 3000
t. This constitutes about two times more than the maximum holdpagita as derived from
the water quality modelling. It is of note, however, that in the msidallations the fish farm
cages were placed in a small stripe along the coastlinehwirs designed as suitable for
nearshore cage farming, whereas in the simple approach the aptravas assumed to be
suitable for fish farming.

Recommendations from HELCOM (2004) stated that nutrient dischén@esfish farming
should not exceed the annual average of 50 g TN and 7 g TP pevikg (lieight) of fish
produced. For the fish farm under investigation a nutrient discharge @ T8band 47 g TP
per kg of fish produced was estimated on the basis of field data wenh@mission. Taking
model data as a basis (Van der Wulp 2006) a discharge of 219 g Td and@P per kg fish
produced was calculated. These emissions do not meet the HEL@OMmendations. One
reason may be the large amounts of trash fish used as feed.i®edbithe per kg discharge
would allow for a distinctly higher holding capacity for fish farming\atés in the area.
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Suspended matter fluxes and depositional processes in tbhage finfish farm Siulung

Riau Archipelago, Indonesia.

Katharina Raéisin Niederndorfer & Karl-Heinz Runte

1. Introduction

Large areas of the Indonesian coastal seas are tropggatrophic ecosystems threatened by
human effluents, waste discharge and environmental destruction.i§l@ecemmon concern
that the tearing growth of aquaculture activities in Indonesiain@agasingly contributes to
worsen this problem. Despite of progress in developing and establiskgatations for
sustainable fish farming the effluents released remain ssbpé@ttention. While assessing
the deterioration risks, quality and quantity of matter releasegergdisn, transport, settling

and degradation are decisive parameters to be taken into account.

There is broad consent that the exceed of critical levels of excreamehtgaste food released
from fish farms initiate disturbances in vital processes ofimaaecosystems according to
their specific sensitivities and trophic states (Krom & Nek®89, Seymour & Bergheim
1991, Brown et al. 1987, Rosenthal 1994, Pereira et al. 2004, Porello et al. A2t®%)od
conversation rate is a significant magnitude that also indidhsmetabolic losses of
nutrients to the environment. Wu (1995) found that ca. 85%P, 80-88%C and 52takétN
up in food are emitted by respiration, excretion and as waste faydpu@ing conversion
rates in salmon farms in Michigan/USA, Ramseyer et al. (199®rlinel that only 30% of N
and P as food compound contribute to fish growth even if food is entikely tg. Hall et al.
(1990) report from a marine trout farm in Sweden that 75-78%C offiefedd get lost to the
marine environment and about 18%C offered is estimated to accuraoléibe sea floor in
longer time scales. In a comparable context Holby & Hall (1991¢rebd that 78-82%P
offered in food is released, of which 59-66%P accumulate in the sea dediments.
Although considerable improvements of food conversation rates were athievthe
meanwhile, a fish farm remains a “hot spot” (point source) of eni8i endangering the

sediment quality in local and regional scales. Studies descriveadeng concentration of
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organics released with increasing distance from fish f§@osven & Bradbury 1987, Hall et
al. 1990, Angel et al. 1995, Schendel et al. 2004). Wu (1995) declares thed amgact of

fish farms on the sea floor to be limited to about 1km around thesfakguado-Gimenez &
Garcia-Garcia (2004), however, found enhancements with increasitanak and explain

external sources of nutrients to be responsible.

It is remarkable that the complexity of hydrological and depositi processes many fish
farm areas are exposed to is mostly marginally considerede Tdre still uncertainties
concerning the tying links between the waste released an@diment quality in fish farm
areas involving the specific hydrodynamics, topographic featares the depositional
environment in terms of sediment dynamics, sediment composition attdr reupply. The
presented investigation particularly aims to investigate thgemflux towards the sea floor
and to consider the relationship between farm positioning and sedjuity according to
the hydrodynamic environment exemplarily found at the fish fafilrig Fisheries” close to

Bintan, Riau Archipelago, Indonesia. The following topics are discussed

1. Is the organic flux to the sea floor an adequate criterionféo the deterioration of the
sediment quality under a fish farm?

2. Are there confidential relationships between suspended matterthendsediment
composition?

3. Which effects may blur the waste flux to the sea floor?

The activities involved were carried out in the project “Developroért Decision Support
System for the Sustainable Management of Coastal Living Resbwwbéch contributes to
the framing SPICE-Project ¢&nce for the Ptection of_hdonesian Gastal_Eosystems).
We thank the German BMBF, the Universities of Bogor (Java), thiwelbsity of Riau

(Sumatra) and the cooperating authorities in Indonesia for their support.
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2. Area of Investigation

The considered cage fish farfiHiang Fisheries” is located close to Bintan, Riau
Archipelago, Indonesia (Figure 1). It essentially consists of ¢lusters of floating cages
positioned in a tidal channel between the neighbouring islands Siulun§eaaid The mean
tidal rage is about 2m. A profile starting at the coastlineiofu8g crosses a shallow and
widely destructed coral reef platform falling dry at lodetiwhich moderately slopes over 50-
300m towards a bordering coral reef rim that marks the Wiateat low tide. From the reef
rim the profile quickly drops down towards a broad tidal channel #ygrates Siulung and
Serai. The channel’s width locally varies between 200-300m andvalter depths in the

central deeps ranges between 7m and 14m.
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Figure 1: Study area. Indonesia (a), Riau Archipelago (b) and Hiang Fishery Fish Farm (c)

3. Farm operation

Finfish mariculture at Siulung started in 1979. At first culturingisi was carried out for
satisfying personal needs. Later the farming facilifepwise expanded to more than 300
cages. Locals operate another 190 cages for their own businedgaga is associated to the
farm. Houses and cabins are established on wooden stilts foundedidaltlilats. Along the
inhabited coastal sections the mangrove forest has been destouetedire the free access to

the sea. Domestic effluents released are dispersed and moved awal/duyrighds.
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The fish cages are rectangular constructions of wooden frames eaahgcamet of 4m x 4m
x 3m volume. The cages are arranged to clusters and are lagitafllarge plastic drums
(Figure 2). Heavy ropes anchored on the sea floor fix the pofithe clusters in the tidal
flow. FC (Farm Quster) Siulung and FC Serai each comprise 112 cages and 197 cages
respectively. Fingerlings for culturing are purchased in hatehean Singapore while other
fish is captured from the wild for being reared in the farm tdketasize. FC Siulung and FC

Serai yield 30.5t and 47.5t fish per year, respectively (Wulp van der, 2006).

Figure 2: Fish farm cages close to Siulung

As indicated in Figure 3 FC Siulung is located just over the bequk dloward the tidal
channel. The second cluster, FC Serai, is established more southwilaedchannel close to

Serai.
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Figure 3: Fish farm clusters at Hiang Fishery Fish Farm (a) and dgptile below the

clusters Silung and Serai (b)

The cultured fish is fed with trash fish captured by local lgesv The supply of the farm with
trash fish varies over the year, so that food pellets are fétk ifupply drops below the
demand. In general, feeding is performed manually once a d&aat, whereas younger fish
stocks are fed several times over the day. While feeding, the exciteedighe food to small
pieces and scuba divers could observe clouds of food particles p#ssingets, slowly

dispersing in the tidal flow and sinking to the sea floor.
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4. Measurements

Sampling of suspended sediments

The physical properties of the fluid, the grain size and fallirigcity as well as the lateral
flow off-set are essential magnitudes in the deposition processusgended matter.
Turbulences may significantly complicate this process. In thediadde the (gravity) settling

of suspended matter is in general restricted to periods of loer waitvement close to high
tide and low tide water levels. In the time intervals betwegh hde and low tide the tidal
currents prevent the settling of suspended matter and may eveversediments off the sea

floor if they exceed the critical shear velocity.

To estimate the particle fluxes between the fish cages amskthfloor sediment traps were
deployed at several locations and water depths at FC Siulungcdis@rrangement of the
traps aimed to deliver horizontal and vertical variances ofmieer fluxes between the farm
cages and the sloped sea floor between the coral reef platform and the aidjalceimannel.
The sediment traps, represented by PE containers (30cm lengthcmndpgning), were
installed across the fish farm Siulung at the locations_Stdu¢® trap_J), St2, St3 (Figure 6).
At each location a trap cluster consisting of 3 units velyicattached to a rope was
positioned in 4m, 6m and 8m water depths, respectively (Figure 4upides end of the rope
was attached to the wooden catwalk over the narrow gaps Ipetineeeages. A heavy weight
at the lower end of the rope kept the system vertically bdt&igure 5. The arrangement
ensured the distance of the trap units relative to the bottom ofetheages (in 3m water
depth) to stay uniform, while the distances of traps and cagée teetn floor would vary
within the tidal cycle.

While the traps were installed in the water column, we meddhifrom positioning sediment
traps directly on the sea floor to prevent the traps to triggmurg and resuspension of

sediment in the tidal flow.
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Figure 4: Sediment traps set-up below FC Silung

FC Siulung (St1, St2 and St3) (10m trap during continuous exposure)

Reference (REF2)

Figure 5: Design of the sediment trap sampling stations
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From Sepl9 to Sep22, 2005 the sediment traps were daily samplecerbetw®0 and
15:30pm. Ropes and attached traps were slowly lifted to the wataceswvhere the traps
were locked. In the field laboratory the traps were left stanébn ca. 2 hours. Then they
were carefully decanted into smaller PE containers. A saddglitive of HgCl prevented the
bio-decomposition of organic compounds. At Kiel University the sampkre nepeatedly
treated with distillate water, centrifuged and decanted (HERAEPATECH Cryofuge 5000
and HERAEUS CHRIST Varifuge GL). The samples were filieth pre-weighed plastic
beakers (100 ml) for freeze-drying and finally weighted. Thaltiag weight of matter (and
its carbon content) per time, per location, per water depth and peritoigp@sea was

considered a®epth related Depositions Ra{®DRy) [g/m?/day], calculated by applying

equation 1.
c
DDRy = 1)
D
Ot
=

DDRy Depth related Deposition Rate of matter (and organic carbonj/{gyh at the

water depth d
o Daily-averaged accumulation of matter (and organic carborjeirsiispended

sediment traps [g/day]
D Diameter of the trap’s opening [m]

The second sampling of suspended matter between Sep22 and Sep25, 28@5tcai
investigate similarities and unconformities of Dpiietween FC Siulung and a remote station
(REF2) located ca. 250m SE of FC Siulung (Figure 6). Two tragienis, each consisting of 4
sediment traps in 4m, 6m, 8m and 10m water depth, were exposed for & tfagdocations
St2 (FC Siulung) and REF2, respectively. After 3 days exposure the sampegdeldsd.
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Figure 6: Locations of the sampling stations at FC Siulung (a) and locatidmreakference
station (REF2) (b)

Sampling of sea floor sediments

Sediments are generally conservative indicators of the depositiorgses. Th&ea Floor
related Deposition RatdSFDR) was estimated by sediment samples and scuba divers
observations. 6 Sediment sample were taken randomly under FC Siulsngdaydivers and
employing Van Veen graper. Two sediment cores (25cm x 5cne ta&en at the sea floor
just beneath the trap cluster St2 (FC Siulung) and at REF2¢gnetelocation), respectively.

In the field laboratory, sub-samples were taken over thesertie length. After registration

of sediment type, colour, stratification, structure and compacthessamples were dried. In

the laboratory at Kiel University they were analysed for prmog® composition and

compounds.
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5. Hydrodynamics

Surveys of tidal currents flanked the sampling of suspended mattgimBal-mounted
current meter (Aanderaa SD-6000) attached at a rope and submegagdte trap cluster St1
registered over a period of eight days (Sep15-23, 2005) the tidahtcuetecity and direction
in 8m water depth. The storage interval was 1min. Since the ropethixed to the catwalk
the distance between current meter and sediment traps kept combtnthe distance of the
device to the sea floor varied within the tidal cycle. The cisrimside the tidal channel close
to the reference station REF2 were estimated by applyingn#erical flow model. It was
developed by Windupranata (2005) and based on the DELDFT3D model fanphgssure
gauge recorded the tidal oscillation of water level from Sep13ep27, 2005. The storage

interval was 1min. The positions of the current meter and gauges are indicatpden-

m@ Current meter %%

&

Pressure gauge

Figure 7: Propeller current meter and pressure gauge positions

6. Analysis of sediments

TOC

The analysis of total organic carbon (TOC) was performed by tipgra STROHLEIN
Coulomat 702. The dried samples were de-salted and homogenised. Sulsseenpleaken
and ground for 10 minutes in a pebble mill. 50mg of the ground matteakes for analysis
of total carbon carried out by ignition of the sub-sample in oxygenflgw (2 minutes at
200°C, 8 minutes at 800°C) and coulometric determination of ther€@ased. A similar

amount of matter was taken for determination of the inorganic catborpounds by
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measuring the C{release during carbonate decay in phosphoric acid (10 minuteS)wa®

determined by subtracting the inorganic carbon compound from the total carbon compound.

Porosity and density

The determination of the porosity of sediment samples taken pgrgoa scuba divers was
not always successful because many samples were disturbed. fbsgypand the bulk
density was experimentally approximated by analysing theyess under the condition of
the loosest sediment layering and the densest sediment laysritigat always ranges and

means were delivered.

Grain size distribution

Sub samples of matter were treated with #Hsolution to decompose sticking organic
compounds and split agglomerations, de-salted and then dried. According tlffering
transport and deposition behaviour of fine and coarser particles ffeoedt practices of

analysis were applied:

Lasergranulometesuited to grain sizes < 63um (clay, fine-medium-course silt)

Principle: A laser beam passing through a fast rotating pmemis a suspended particle in a
measuring cell. The particle’s shadow meets a high resolvingtibetglane, which measures
the grain size in a detection range between 0,5um and 150um.

Sieving suited to grain sizes > 63 pm (fine-medium-coarse sand and cooarser)

Principle: A de-salted and dried sediment of grain sizes > 63um is givea tower of sieves
arranged downwards to decreasing mesh widths. The tower is expasszkhtric rotations.
The grains pass sieves with coarser mesh size and amedetaithe sieve showing mesh
widths smaller than the grain’s diameter.

Statistics

Cluster Analysis was applied as multivariate statistitstrtument (BACKHAUS et al. 2006)
to clarify (un)similarities of characteristics and compounds éetwsuspended matter and
sediments on the sea floor according to the Euclidian distance. &hante Analysis
(ANOVA) was employed to test the relationship between the caesideediment groups by
analysing the relation of the internal variance to the varianbetimeen. For Cluster Analysis

and Variance Analysis the progrdwyplot (Yoshioka 2001) was employed.
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7. Results

Deposition rates

Table 1 shows a review of the depth related deposition rates DDRaspénded matter in
g/m?/day at the locations Stl1, St2, St3 in FC Siulung during theuneg period Sepl19-22,
2005. Sampled water depths: 4m, 6m and 8m.

Table 1: Depth related deposition rates at St1, St2, St3, FC Siulung

. mineraland  organic| TOC Mineral

Sediment trap | Depth [m] compounds [g/mad] [g/mz2d] compound [g/m2d]
(measured) (measured) | (calculated)

4 393.6 7.9 385.7

Stl 6 448.1 8.8 439.3

8 344.7 6.9 337.8

4 403.3 7.9 395.4

St2 6 380.8 7.2 373.6

8 382.5 7.1 375.3

4 289.0 5.4 283.6

St3 6 174.6 3.0 171.6

8 347.0 5.2 341.8

Table 2 shows the DDRd of suspended matter in g/m2 per 3 days (ethasnd per day
(calculated) at St2 in FC Siulung versus reference statior? RIEfing the measuring period
Sep22-25, 2005. Sampled water depth: 4m, 6m, 8m and 10m.

Table 2: Depth related deposition rates at St2, FC Siulung and REF2, reference station

Suspended Suspended TOC Mineral
Sediment Depth [m] matter matter [g/mzd] compound
trap [g/m?23d] [g/mzd] (calculated) [g/mz2d]
(measured) (calculated) (calculated)
4 337.3 112.4 2.4 110.0
6 661.4 220.5 3.8 216.7
St2, 3d 8 1038.4 346.1 6.4 339.7
10 1089.5 363.2 7.5 355.6
4 439.8 146.6 1.8 144.8
6 244.6 81.5 0.9 80.6
REF2 8 827.8 275.9 3.9 272.0
10 1393.5 464.5 6.8 457.7

Derived from Table 1 and Table 2 the DDRd for suspended matter aGdav€aged over
depths and measuring periods are indicated in table 3.
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Table 3: Averaged DDRor suspended matter and TOC

Averaged DDRy Averaged TOC Mineral
, Mineral + organic 9 compounds
Sediment Trap (measured)
compounds (measured) [ g/mz/d] (calculated)
[ g/m2/d] 9 [ g/m2/d]
Stl, St2
(n=17) 413 8.0 405
St3(n=8) 282 55 276.5
St2 after 3 days 55, 5.1 255.9
(n=4)
RI§F3 after 3days 242 39 238.8
(n=4)

During the measuring campaign the cultured fish was fed with fistsiso that the mineral
compounds like carbonates or terrigenous particles were delivened rfadural sources.
According to the TOC analysis of sampled matter at REF2 cenadittk amounts of
suspended carbon originates from external sources (natural soutadsdhcin principle the
numerical difference of the C load in suspended matter determined at FC SintbagREF2
could deliver the C load that the fish farm released to the envenoinifihis was acceptable if
the depositional environment at REF2 could actually represent the timpadsenvironment
at FC Siulung before the fish farm had been installed. This aggumtould statistically not

be confirmed.

Sediment characteristics

The sea floor sediments (0-5cm depth) beneath the fish fargeaszally characterized by
broad grain size spectra. While carbonate compounds (corals, sbhedisisfetc.) are of
marine origin, silicate compounds are likely to be delivered framgé&nous sources. The
mean of the sediments grain size ranges between 200 and 630um (d50nak 498gments
of corals represent the coarser fractions. In general they arly gooted with fine sand,
medium sand as well as clayey and silty compounds. Essentrakgraiparameters are listed
in table 4.
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Table 4: Grain size parameters of the sea floor sediments

< 63- 200- 630- >
_ mean |d50 < 63un
Stations |TOC 63um 200pm 630pum  2000pm  [2000pm
[um]  [um] 9]

[%]  [%] [%] [%] [%]
SD6000 [0.32 |899.04 | 1846.82.32 |5.1 5.9 18.1 22.4 48.5
N Siul |0.36 [323.97| 306.66 2.28 | 8.6 24.5 47.5 13.9 5.5
Einfahrt [0.53 [517.39| 462.66 2.04 | 8.9 11.5 324 15.6 315
OstMSiul [0.13 [631.23| 580.56 1.89 | 7.5 6.8 29.0 21.8 34.9
core 0.69 |372.40| 436.90 3.76 | 15.4f 95 32.0 24.5 18.4
Zentrum [0.15 |301.00| 280.00 1.79 | 54 40.3 26.9 21.3 6.0
SE 0.38 |690.00| 1104.08.3 10.2 | 6.6 194 21.8 41.9
Referenz |0.40 [236.67 | 191.47 4.7 23.1r 47.3 21.1 7.7 0.7

The clay-silt compounds < 0.063mm of the sea floor sediments undeuk@dsivere found
to range from 5 to 16 weight%. However, while the silt particlesizéds < 0.040mm were
found to make 4-13weight% of the sea floor sediment, this size fraefiwesents more than
99,8% of suspended matter sampled in the (suspended sediment) trapSialurG and
REF2.

Moreover, sediment analysis indicate that sea floor sedimeRER2 essentially consist of
ca. 70% fine sand with 25-30% silt compounds (d50 at 190um). Coarser compound®tve
observed. The deposits are weekly cohesive and show an average o8y Sediments
(0-5cm) and sediment cores (0-20cm) did not show any stratific&8miment layers that
might have indicated the deposition of suspended matter (as maypbeted at sea floor
sections exposed to farming emission) were observed neither &iuRfhg nor at REF2.
Moreover, indicators of settling as stratification, level clearapnsolidation and grain sizes
information were assessed as being to weak to deliver relsigleals for proving

accumulation tendencies neither under FC Siulung nor at REF2.

Hydrodynamics

Figure 8 reflects the evolution of tidal curve and current velo€heg. graphs are combined to
the accumulation of suspended matter in the trap cluster St2 (fldexk The daily deposition

rates [g/m?] are continuously summarized over the observation period.
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Sediment trap ST2, fish farm Siulung/Bintan/Indones ia
UTM 48N X=454031,38 Y=83123,08, UTC+7, Sep 19-25, 2005
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Figure 8: Current velocity, water level and accumulation of matter

During the observation period of the trap clusters ST1, ST2, ST3 tletunelocities under
the fish farm Siulung increased to values between 40 and 60cm/srifited shear stress is
the traction which is responsible for the initiation of the movero&at particular fraction of
the sediment particles. It can also be expressed by thealcstiear velocity at which the
particles start to move.

The average critical shear velocity for the sandy sedimfentsd below FC Siulung was
determined to be 0.4m/s (0.3-0.6m/s). During the measuring period itlual arelocity was
exceeded several times per day for intervals ranging betwsm minutes to several hours
(Figure 9).

This indicates that bed transport occurs below the fish clustarmn§iuFor organic material,
having much smaller grain sizes, current velocities between 0.08 tésOaniare found to be
sufficient to keep most of the organic waste material in sisspe (Peterson, 1999,
Yokoyama et al.,, 2006, Cromey et al.,, 2002). Considering these values, alveff the
measuring period (about 68% of the time) organidc matter woulddvemed from settling

to the sea floor due to too high current velocities.
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Figure 9: Current velocities at St2, FC Siulung (measured) and at2RgEfodelled). The

dotted line indicates the critical current velocity (0.4m/s)

8. Discussion

Deposition rates
The deposition rates of suspended matter and TOC found under the fisiSitdamg are
characterized by

- horizontal variations across the trap clusters

- vertical variations across the water depth

- temporal variations over the time of exposure
The depth related deposition rates measured at Stl, St2, StZavwepeited to check the
vertical and horizontal homogeneity of suspended matter. Table Sabled6 present the
results of the ANOVA referring to the tested features “suspendedriratte“TOC”.
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Table 5: Deposition rates of suspended matter and results of ANOM@stmng the spatial

homogeneity of suspended matter between the trap clusters St1, St2, St3

Deposition rate of matter

ANOVA Feature: [g /m2/day]
Matter sampled from sediment traps ST1, St2, St3 @r 3 depth stages over 3 days
(refer to 1m?2)
sample time| 19.09.2005 15:00 20.09 2005 15:00 2200% 15:00
depth stage| 4m 6m 8m 4m 6m 8m 4m 6m 8m
trap Stl 404,79 401,23 | 600,29 442,17 559,25 trep 10 333,89 | 383,73 400,87
trap St2 455,45 368,12 258,32 409,93 353,93 483,16344,57 |420,25| 405,96
trap St3 219,31 194,84 | 568,00 349,46 154,31 145,5¢298,19 |trap los827,48
HO: The weights of matter in ST1, ST2, ST3 belanthe same weight population (alpha=0,05; beta¥0,3
P(F<=F(ca
Factor SS Df Ms F(cal) Signif ) F(0,05)
A (Between *
Groups) 104981 2 52490,55 | 5,03312|(P<=0.05)10,01585 | 3,44336
R(A)
(Within
Groups) 229439 22 10429,03
AR (Total) |334420 24

>>> HO rejected, differenc

identified

Table 6: Deposition rates of TOC and results of ANOVA for testinggagal homogeneity
of TOC between the trap clusters ST1, ST2, ST3

ANOVA Feature: TOC [weigt%]
Matter sampled from sediment traps ST1, St2, St3 @r 3 depth stages
over 3 days
sample time| 19.09.2005 15:00 20.09 2005 15:00 22008 15:00
38
depth stage| 4m 6m 8m 4m 6m 8m 4m 6m m
21
trap Stl 2,04 1,92 1,82 1,98 2,03 traploss 2,04| 881, 04
11
trap St2 1,88 1,89 1,94 1,84 1,88 1,75 2,25 1,9 95
11
trap St3 1,93 1,65 1,53 1,86 1,77 1,14 1,83 traplo |6
HO: TOC in ST1, St2, ST3 belong to the same TOGutadiwn (alpha = 0,05; beta < 0,3
)
P(F<=F(cal
Factor SS Df Ms F(cal) Signif  |)) F(0,05)
A (Between o
Groups) 0,43410 2 0,21705 7,3886(P<=0.01) | 0,00351 | 3,44336
R(A)
(Within
Groups) 0,64628 22 0,02938
AR (Total) |1,08038 24

>>> HO rejected, differenc

identified
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The horizontal and vertical depositions rates clearly show var&atiThe ANOVA results
indicate that the variations for suspended matter and for TOC bethveelusters Stl, St2,
St3 are significantly higher than insitiee clusters so that the HO (“homogeneity is given”) is
rejected (n=25, a=0.05, <0.3). Further analysis referring to the tested features “deposition
rates of suspended matter and of TOC” confirm that:

a) The depth related deposition rates and TOC of suspended maiiap icluster St3
that is located closest to the tidal channel differs from St2 and STt3.

b) No depth related difference of deposition rates and TOC betlweesampling stages
in 4m, 6m and 8m depth can be found.

c) No time related difference of deposition rates between the ttay traps were
sampled.

d) There is no difference between the trap cluster St2 {8) @and the clusters Stl1 and
St2, over 3 days according to high variations.

e) However, there is a significant difference of the deposition rates@@do&tween St2

(3-days-exposure of trap) and the reference station REF2 (3-days-exposysg of tra

Sea floor sediments

Derived from the mean density of the sediment under the fish #ydfg/cms3, s= 0.22) und
the average porosity (45,6%, s=6,0) the averaged weight of dryesgdiof the sea floor
between 0-1cm can be approximately calculated to 13.322g/mz2. This sedimigeds 8.7%
(s=3.5) clay and silt. As 80.1% (s=8.1) of sediments grain sizédinac40um consists of
clay and silt, the weight is calculated to 1.159g/mz2. This amouriaof gizes < 40um is less
than 3-times the average daily deposition rate of fractions <404h3gf/cm? derived from
the trap clusters under the fish farm Siulung. If this amounugended sediments actually
settled in mid-term time scales, the accumulation of matigrtize partition of the grain size
fraction < 40um on the sea floor should be expected to be highar.But this phenomenon

was not observed.

The same calculation may lighten the sedimentological skase ¢to the reference location
REF2. Derived from a density of 2.46g/cm3 (s=0.27), an average yoob&8.5% (s=6.4) of
the sediments dry weight can be calculated as 11.316g/m? of whicls3a¥%en by the silt
and clay compounds. The sediment fraction <40um comprises 68.2% (s=4ltand €lay
so that a dry weight of 2.315g/m? is calculated. Compared to the depoaie found in the
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trap cluster REF2 the amount of matter < 40pm in the sea #oloment is 10 times higher

than the amount of matter < 40um found in the suspended matter.

Ratios of clay and silt compounds

Fine grained particles < 20um found in suspended matter and as sea floor sealnpening
are generally transported as suspended load. In order to decodegthefbtine fine grained
matter in the sediment, the ratios R of the contents of thetclane silt compounds (6.5um)
and the medium silt compounds (7-20pum) in the grain size fracBOpm (set to 100%)

were determined.

R[ ]= w% clay [w%] + fine silt [w%][{6,5um)

medium silt [w%)]

The results related to suspended matter and sea floor sediment mattteaia Table 7

Table 7: Ratios between sea floor sediments and suspended particulate matter

Location |n Sample Depth Riean Rs
5 Sediment 0-5cm 0.80 0.07
fish farm
13 | Water 0-10m 0.87 0.07
Sediment 0-24cm 0.28 0.01
reference
Water 0-10m 0.76 0.01

Employing ANOVA it was tested if R may decode systemaglationships and groups
between suspended matter and sea floor sediment
a) at the fish farm Siulung and

b) close to the reference location.

Considering the fish farm ANOVA does not reject HO. The ratiohefconsidered fractions
in sediment (Rea=0.80) and in the suspension{R=0.87) are statistically homogeneous.
However, close to the reference location the ratios in the sedifRgat=0.28) and in the
suspended matter (Ban=0,76) vary tremendously. The cluster analysis (Fig xxx) areange
the tested objects so that specific groups are identifiecttiefijethe similarities and distances

related to the considered ratio.
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Cluster Dendogram - Incremental Sum of Squares Method (WARD)

Locations : Fish farm Siulung/ Bintan/ Indonesia and related reference station

Sampling : 3 floating traps, sampling depth: -4m, -6m, -8m, (-10m); 2 sediment cores: 0-5cm
Trap values averaged over 3 days, sediment values over 5cm depth

Process : Grouping > grain size compounds

Variable :  Ratio vol% clay+fine silt compound / vol% medium silt compound

4> RefsedMean

Ref2-8,3d
Ref2-10,3d
Ref2-4,3d
Ref2-6,3d —

St2-10,3d
St2-6,3d
St2-8,3d
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St3-8
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St1-6
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Figure 10: Results of the cluster analysis

9. Conclusion

As indicated in Figure 1 the level of critical shear stressmuheefish farm is daily exceeded
for several hours. This implies that
a) mineral-organic sediment particles mostly agglomeratdiddks, fragment of faeces
and waste food are finer grained and/or of much lower specific ygethsin the
bottom sediments. They get in motion long time before the criétozdr stress for the
much coarser sediment is exceeded
b) long-term accumulation of suspended matter in the hydraulic enwardrotose to the
fish farm is unlikely considering the concentrations found
According to the tidal dynamics under the fish farm the depositiGuspended matter may
be narrowed to periods of little water movement given closedgb Water and low water

level. Re-suspension will take place with increasing current ¥eecOn the other hand, the
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sediment samples from the sea floor indicated that a depositioh haue taken place
nevertheless. Actually small scale deposition of fine grainednsediand matter exchange at
the sediment-water interface may take place if suspendedr rddfteng close or settling to
the sea floor is physically and/or biologically captured
a) in small caves, niches, holes or gaps in and between coeter on the sea floor,
e.g. coral fragment, shells, worm tubes, garbage etc., wherenthgriined matter
may be sheltered against re-suspension
b) by activity of benthic fauna, e.g. bio-filtration, bio-deposition @l matter, that is
finally bioturbated into the coarser sediment.

The poor sorting of the sediment below the fish farm caused hbyimesxof coarse and fine
sediment compounds, thus leading to a broad grain size spectra, poinkatotltet fine
grained sediment compounds in particular are not very balanced tbythedynamic
environment. The magnitudes of deposition rates measured in thelustgrs may not be
uncritically transferred to the sea floor. The rates observddctefore a potential of

deposition in protected environments as is it artificially given in a seditram

In the fish farm area the results of the statistical arsp@int out that the fine grain particles
in the sediment and in the suspension show close similaritibe igtribution of their finest
compounds. This supports the assumption that the suspended matter drifting eearftber
may be considered as essential source for the finest compoundsetfiatind in the bottom
sediments, as well. Although only the ratios of mineral compounds leasamalysed this
source may include external suspended loads and particulate rebdteyed from the fish
farm. As discussed above sheltering effects, biodeposition and biatarblely supported

the deposition of the small particles.

However, considering the ratios close to the reference locatiomdhe unconformities of the
composition of the finest grain size fractions between suspendedRgag £0,76) and the
sediment (Rea0.28). Whereas, at least, similarities to the grain size cotiposif the
suspended matter at the fish farm are given, the ratios intlhedtthe content of medium silt

in the sediment is much higher than in the suspended matter.

This discrepancy may have several causes that have to be edeagdinst the hydraulic,
depositional and geological background. On the one hand this discrepancy betwerdeslisp
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matter and sediment could be a random event if the investigaticod peas to short for
receiving more representative results valid for longer thirees. Maybe variations in the
depositional system are responsible. On the other hand depositiona sheuld have left
their fingerprints in the fish farm area as well. Such @agicould neither be observed nor be
solved by the data and the statistical procedures - this doeseaatthat they actually do not
exist. The question, how the fine grained sediments at the refetecation settled and

consolidated in the strong current regime still remains unanswered.

It is possible that the silt fine sands are old depositions detateevent in the geological
history since there are only weak links to the recent hydrodynamvironment, the
depositional process and the suspended matter. It is less conceivable
- how this type of cohesive sediment in question may have depasitedonsolidated
under the recent tidal flow regime in the channel
- how the recent suspended matter may represent an essentz $asirit was

concluded for the sea floor under the fish farm)

A dating of the sediment core applying’Pmnd C* would deliver more confidential results

of the depositional process in the central tidal channel.

Considering the results the organic flux to the sea floor is an teagarriterion of danger for
the sediment quality but in tidal environments it is not always deeisive one. The
depositional and hydraulic conditions especially the potential of dlaé d¢urrents to prevent
the depositions of organic waste or to remobilise alreadyedettiatter are important

magnitudes that should compulsorily be considered.

A confidential relationship between suspended matter and the sedimentposition is not
always given if the hydraulic environment prevents suspended meltased to settle or if

the general depositional environment turns-off towards erosive tendencies.

Remobilisation of organic waste that may have settled duringticiglor low tide on the sea
floor is taking place when current velocities temporarily eddbe critical shear velocity of
the settled organic waste. The determination of deposition nagi®yng sediment traps in

tidal environment is not always reliable if temporarily sdttteatter is re-suspended and
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moved-off by tidal currents. Sediment traps are not yet designatlow remobilisation of

matter.
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Sedimentological studies for investigation of fish farm impact®n the tidal coral reef

platform at Pulau Siulung, Riau Archipelago, Indonesia

K.H. Runte

Coastal Research & Management CRM

1. Introduction

Coastal cage fish farms, operational facilities and assoctabuses and cabins for workers
and families are sources of effluents released into thenenarivironment. Considerations of
impacts mostly focus the attention to the nutrient release sksl involved for the marine
environment. A number of studies have stated that the intensive refeag@nic waste from
fish farms may seriously impact the sea floor and deteridretesediment quality in den
vicinity of cage fish farms (Krom & Neori 1989, Pereira et 2004, Porello et al. 2005,
Seymour & Bergheim 1991, Brown et al. 1987, Rosenthal 1994).

Thus adequate tidal flushing and oxygen supply, spatial dispersion and traspbined to
a rapid bio-decomposition of excrements and waste food is a vitaljprsite for sustainable
farming to prevent accumulations to the sea floor and damage toarine environment. In
this context Wu (1995) indicates that more than 80% of P and C in foexl g are released
in the marine environment as metabolic products (respiration, extoreind waste food.
Holby & Hall (1991) indicate that about 80% P offered in fish food rebeased from the fish
farm observed, and estimated that ca. 60% of this quantity accumtdated sea floor
sediments. According to Hall et al. (1990) 75-78%C of the fish foaal tobut fish farm in
Sweden got lost to the marine environment; 18%C of the food setteedi@dions to the sea

floor and accumulated.

The flux of organics released to the sea floor may trigger selvelnemical processes in
sediments. If the oxygen demand in sediments exceeds the diffusivey shppherobic
decomposition of organic matter turns to anaerobic that decisivetgriarates the
environmental condition for benthic flora and fauna. According to the dispeof matter in
the falling and settling process the fish farm’s impact arethe sea floor is considered to be
closely limited. Thus Gowen & Bradbury 1987, Hall et al. 1990, Angal.€t995, Schendel
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et al. 2004 observed a decrease of organic contamination with growtagcdifrom fish

farms. Wu (1995) reports the impact area around a fish farm to be limited to 1 km.

On the other hand Aguado-Gimenez & Garcia-Garcia (2004) found &megeeoncentrations
of organic matter with increasing distance from the farmeyTrefer this phenomena to

external organic sources.

Actually the marine and terrestrial primary production inipaldr in the coastal transition
zone is a significant nutrient source for coastal environments.dier @0 achieve a better
assessment of the relevance of emissions of a cage fish“Hiang Fisheries”, Pulau
Siulung, Riau Archipelago, Indonesia in local and regional scaleset@ was identified to
carry out investigations in the adjacent tidal flats. Emphasis gwesn to the spatial
distribution and variability of sediments and embedded particulate iosganth increasing
distance from the fish farm. The investigations aimed at contdptti answer the following

guestions:

a) Are there indications of an extending influence of fish farnsgons on the sediment
composition in regional scales?

b) Is there any evidence of contamination in the adjacent tidal flats?

c) Is the fish farm an outstand “hot spot” for organic contaminatmntertidal

sediments?

The investigations were carried in Mai 2006 contributing to the obgsctof the project
“Development of a Decision Support System for the Sustainable déavent of Coastal
Living Resources”, 2004-2007, SPICE (Science for the Protection of Indan€sastal
Ecosystems) which has been supported by the German BMBF, thergditiegeof Bogor

(Java) and the University of Riau (Sumatra)

2. Investigation area

The companyHiang fisheriesoperates a cage finfish farm located between Pulau Siulung and
Pulau Serai south of the Kijang on Bintan island, Riau Archipelago, Is@on€he farm
consists of more than 300 fish cages combined in two floating dagfers close to Siulung
and Serali, respectively. Yearly production rates of fish achievpe8Oyear (van der Wulp,
2006). The farm is associated to a smaller fisherman village. edoaad cabins are
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constructed on stilts in the tidal flats close to the coastlinehabited coastal sections the
mangroves have been felled to facilitate the inhabitantsado the sea. A shallow platform
of destructed corals periodically flooded in the tidal cycle exténding 100-300m from the
coastline to the sea surrounds the island Siulung. In between the staedler and broader
patches of sediment are enclosed. At the seaward rim of tHerplahe tidal flats steeply
slope towards a broad tidal channel reaching a water depth of ldmeparating Pulau
Siulung and Pulau Serai. The mean tidal range is 2m. Farntiéscdind cages are installed
just over the slope representing a transition zone from the id&rpiiatform to the sub-tidal
sea floor. It was found that tidal currents in the transition zoaehneg 60cm/s close to the
bottom (during the measuring period) widely disperse and move-offiicrgaste released
from the fish farm (Niederndorfer & Runte 2007). The currents temporabeekthe critical
shear velocity of matter settled on the sea floor beneathsthé&afm at high tide and low tide
and resuspension takes place. So significant organic accumulations seatfieor beneath
the fish farm were neither observed by scuba divers nor identifiegraper samples.
Nevertheless there was no reason for excluding that unknown quantinesttef released
could be transported by the tidal flow and deposited in the tidal ptatférst observations in
the area confirmed the occurrence of some finer grained depegitscoarser sediment,

which became subject of the presented investigation.

3. Methods

Resulting from observations in 2005 a sediment sampling was carri@u iaty 2006 along

a 10km transect crossing the tidal platform of Siulung towards nesthand northeast.
Measuring stations were randomly defined in distances of 300-1000n&GRBdpositions

were taken (Fig. 1). At each station 3-5 sediment samples (@4pth) were randomly taken
inside of a radius of 100m. Coastal distance, depositional environnratificsition, oxygen

supply, colour and consistency of sediment were registered.
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Fig.1 Positions of the measuring stations for sediment sampling, transect Siulung.

Another 5 sediment samples were taken on the sea floor beneaghtferh by employing
Van Veen graper. The sampled sediment was enclosed in bagshplelye} and later spread
and dried in the sun (T at 45°). After drying the sediment wassaat and air-transported to
Kiel, Germany. In the laboratory of the Research and TechnologlyeC&/estcoast in Blsum
the sediment samples were allocated from the bags to smals,bdedsalted, dried and
weighted.

For determination of the grain size distribution the sediments s@iteby sieving into the
grain size classes <38um, 38um-63um, 63um-212um, 212pm-630um, 630um-2000um and
>2000um. According to the source the particulate organic mattediments often varies in
size. Organic waste released from the fish farm, partiguéartrements, was predominantly
expected in the finer grain size fraction of the sediment sat favas exposed to farm
emissions. In coarser sediment fractions other kinds and sizesticlifpée organics, e.g.
wooden detritus, leaves, (macro) algae, contribute to the total omgarent in the sediment.
To investigate the role of “grain size effects” of organictterathat could mask or even
exaggerate the organic waste released from the fish ferrartalysis of organic matter was
extended to fractions < 38pp, 38-63um and 63-212um of the sediment’s zai

distribution. The fractions were split in a careful sieving procedor diminish rubbing
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effects. The samples were weighted and tempered at 550°C anddlwe# ignition of organic

matter (LOI) was determined. For statistical computation clusteysisalere employed.

4. Results

4.1  Characteristics of investigation area

Fig. 2 presents an overview of the destructed coral redbptatlt is bordered by mangrove
forests at the landside and by coral reef rims at thedseasibrownish coating of clayey and

silty matter often covers coral relics and attached green algae.

_ -

Fig. 2 Destructed coral reef platform, Fig. 3 Sediment sampling point D2

view to south at measuring station D

Patches of sediments composed of smaller coral fragmentsntsb&ls, carbonate sand and
silty-clayey compounds are enclosed in gaps and caves betweemalse Thin red-brownish
covers of diatoms are observed. Under the surface black coloutmdests and a typical
smell often indicate anaerobic degradation of organics. Fig. 2 showartiing point no. 2

at the measuring station D (see Fig. 1).

4.2  Classification according to grain size distribution
Tab. 1 lists the results of grain size analysis of the sedisanpled. The capitals refer to the
respective measuring stations as indicated in Fig. 1. The numinete delb-samples taken at

each measuring station.

98



Tab.1 Grains size fractions of sediments [um], transect Siulung, 2006

SampleF<63 Fo3- frel2-F630- F>200(BampleF<63 F65- freleos0- F>2000
212 1630 (2000 212 630 (2000
ALl 9,3 |22,0|525| 145 1,7 B1 249 365 36,6 1,4 0,7
A2 10,8 |137,8| 30,3| 17,9| 3,2 B2 24,1 31)8 337 82 23
A3 9,4 |21,1|40,5| 25,4| 3,6 B3 82l 76,6 145 05 0,1
A4 9,6 |22,0(45,2| 19,7| 34 B4 21,y 399 354 20 1,
AS 6,5 |30,0(47,2| 13,2| 3,0 B5 13,8 664 171 18 0,9
J1l 54,0(26,1| 17,1 2,6 | 0,2 F1 45 18/0 26,8 26,5 24,2
J2 93656 [ 05| 02 | 01 F2 6,3| 47)r 28,7 8p 9,3
J3 82,8139/ 27| 05 | 0,0 F3 6,9 478 30,7 78 68
H1 81 |69 |59,2| 18,0| 7,9 El 32| 343 19,0 27,8 15,6
H2 49 |27,1|44,7| 13,6| 9,8 E2 7,7 46,0 22,3 11,7 6,8
H3 39 |20,5|62,2| 99 | 34 D1 6,0l 70 214 22 0,2
G1 31,7 140,4| 7,4 | 16,1| 4.3 D2 52/ 669 26,8 08 0,3
G2 7,2 |43,5| 32,6/ 13,0| 3,8 D3 49 67,7 234 35 04
G3 21,9 139,1| 13,3| 16,7| 8,9 C1 88 316 484 10,2 1,0
FARM15,1 |59 |18,1| 22,4 | 485| C2 50| 246 52{7 16,7 1,0
FARM28,6 (245|475| 13,9| 55 C3 19,6 32,0 23,7 182 6,5
FARM38,9 (115(32,4| 156 | 315| C4 14,7 20/8 30,5 285 5,6
FARM47,5 16,8 [29,0| 21,8| 34,9| K1 44| 494 29/6 114 5,3
FARM5(15,4 |95 [32,0| 245| 18,4| K2 43| 259 67]3 1,8 0,8

Fig. 4 shows the relative significance of the sediment’s griam classes at each measuring

station in cumulative histograms. The order of the stations refehe distance from the fish

farm Siulung.

Grains size distributions and standard deviations reflect a cortdel@axiability in local and

regional scales. Generally the sediments are composed of medndnand fine sand with

smaller contributions of finer and coarser compounds. On first vievhigtegrams do not

show tendencies that would indicate a trend or evolution of the satdiliséribution referring

to fish farm emission.
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Fig. 4 Relative weightings of main grain size classes based on 3-5 sedan®gles taken at
each measuring station. The measuring stations are ordered according to ttesicdiso the

fish farm.

Fig. 5 shows the dendogram of a cluster analysis groupingtlh@ment samples according to
similarities inside the grain size distribution, that is, thesgifications describe the mutual
numerical distance of the single sediment samples to eachiottegms of the contents of

clay and silt, find sand, medium sand, coarse sand and gravel. Thalscaginbol the

measuring station.
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Cluster Analysis, Incremental Sum of Squares Method (WARD)

Location: 10km measuring profile. Tidal flats west and east of the fish farm Siulung
Process: Clustering of sediments taken at sampling points

Variables: Clay+silt, fine sand, medium sand, course sand, gravel

Order of stations (westtoeast) :C-D-E-F-B-H-FARM-G-K-A-J

12 -
1
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0
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Standardized Euclidian Distance

Fig. 5 Grouping of sediments according to similarities referring to the test variables.

The results indicate that sediments at the measuring stationshsgh variation in the grain
size distribution in local and regional scales. The clusteringegs does not deliver
similarities of sediments referring to varying distangethe fish farm, that is, no relationship
Is detected along the transect indicating influences of thédianreferring to the sediment’s

grain size distribution.
4.3  Classification according to organic matter (OM)

Tab. 2 lists the results of measurements of OM contents {4 @f ignition ) in grain size

fractions of the sediment [um].
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Tab. 2 Contents of organic matter [%] in total sediment selected grain size fragtions [

SampleF<38 F3s- F<63 F63- [Total SampleF<38 el F<63 F63- [Total
63 212 |Sed. 63 212 [Sed.

Al 10,2 18,9 |19,1| 24 | 49| B1 10,4 9,8 20,2 2,y 10,9
A2 8,2 |7,7 |159| 2,3 | 52| B2 13,1 144 27,5 6,8 28
A3 99 |91 |19,01 28 | 36| B3 11,8 8,9 20{12 65 4p
A4 8,7 |86 (17,328 | 49| B4 9,1 7,3| 164 2,7 4.4
AS 86 |79 16,5/ 2,2 | 44| B5 11,8 104 217 2,0 5f1
J1l 11,4] 10,6/ 22, 3,1 | 8,6/ F1 4,8 18,0 26,8 26,5 24,2
J2 11,7111,2) 229 41| 116 F2 6,3 47,7 28,7 80 93
J3 10,9/ 10,6/ 21,5 39| 10,8 F3 6,9 478 30,7 7|8 48
H1 17,1 120,5| 37,6/ 9,2 | 3,7| E1 132 84 216 26 3|1
H2 13,1 11,9/ 25,00 1,9 | 2,8 E2 141 12|7 26,8 2/6 44
H3 14,0 10,1| 37,5/ 1,9 | 3,7| ES3 14,7 13]1 27,8 3,1 44
G1 11,3|10,0{ 21,3 3,3 | 34| D1 171 1116 28,7 3,3 50
G2 10,9(8,3 | 19,2 2,0 | 7,0 D2 80 7,2 152 38 43
G3 11,8/9,8 | 21,6/ 3,1 | 6,5 D3 138 74 20,7 34 3|9
FARM1- - 26,8 |- 91 | C1 16,8 10,7 27,5 2,6/ 6,(Q
FARM2- - 25,2 |- 7,0 | C2 15,9 10,4 26,0 2,4 3,Q
FARM3- - 22,2 |- 6,2 | C3 12,4 89| 21,8 52 2(
FARM4- - 29,0 |- 10,0 K1 86| 74| 16,0 14| 0,8
FARMS- - 27,4 |- 6,1 | K2 74 | 3,7 | 11,1 0,7 1,7

Fig. 6 shows the regional evolution of OM in sediments at thasoreng stations with
increasing distance from the fish farm. The graphs indicate the cont®M bbth in the total
sediment sample as well as in the sediments grain sizefrac 63um, respectively. Each

measuring station on the transect represents 3-5 local sub-samples.
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Fig. 6 Regional evolution of organic matter in sediments along the transect Siulung.

Compared to total sediment the content of OM in grain sizes <63pabdut 2-6 times
enhanced along the transect. Beneath the fish farm the sedirdeyt'and silt compounds
contain ca. 26% OM. Towards the north-western flats OM varies brt®@&% and 26% so
that it does not significantly differ from the OM levels in fish farm sediselToward the east

OM decrease significantly to a mean content between 13% and 22%.

Considering the total sediment OM shows a slight enhancemetiteafish farm and
regionally a slow decrease towards the northwestern tidal Madst values are still in the
range of the standard deviation of OM close to the farm. In thheastern tidal flats the
development is less clear, as the values drop and then incigese tdere, as well, OM
content in sediments at distant measuring points on the transsiit iis the range of OM

concentration in sediments close to the farm.

The sediments grain size fraction <63um represent the granngerval where dispersed
organic particles released from the fish farm were expdotetcumulate if there was an
influence of the fish farm. The cluster analysis aimed tb ifethe grouping procedure

identified relationships between the tested measuring stations that wdsdamsimilar OM
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contents in the grain size classes <38um (Variable 1), 38-68analfle 2) and 63-212um

(variable 3) that moreover, refer to the distance to the fish farm.

The resulting dendogram in Fig. 7 shows the grouping of sedimentsdawy to the
standardized Euclidian distance in between the tested sedimenliu$tration indicates that
the internal variations OM in the sediments at each measudtigns(in terms of the of the
variables tested) can be much higher than the external var@ti@M in the sediment

between the respective measuring stations so that no regional weightirgsidantified.

Cluster Analysis, Incremental Sum of Squares Method (WARD)

Location: 10km measuring profile. Tidal flats west and east of the fish farm Siulung
Process: Clustering of sediments taken at sampling points
Variables: OM in sediment fractions <38um, 38-63um, 63-212pm

Order of stations (westtoeast):C-D-E-F-B-K-A-J
10

Distance

m@; iy el

CO0BU0rBulldlB=SSRANAaILeILLy

Standardized Euclidian Distance

Fig. 7 Grouping of sediments according to similarities of OM referringthe tested

variables: grain size fractions <38um, 38-63um and 63-212um of sediments.
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5. Discussion and Conclusions

The investigation carried out aimed to identify indications of rediteg influences of fish
farm emissions at Siulung on the sediment composition of the adjatadrtats in local and
regional scales. Moreover, it should be tested if contamination dddjaeent tidal flats in
terms of enhanced organic matter contents referring to impddise fish farm may be

observed.

On the base of the sedimentological and computational methods applisgstits delivered
no indications that would confirm a regionally extending influenceistf farm emissions
towards the adjacent and distant tidal flat areas in ternsgdiment distribution, sediment

composition and particulate organic compounds.

High variations were found referring to the sediment’s compositiolocal and regional
scales indicating a inhomogeneous depositional environment. The nsestti&sprocess
delivering sand, gravel and coarser silt is the destruction otdha platform. The dead
corals are exposed to long-term destruction by currents and whves. smaller extent
shallow section of the sea floor may represent another sediment sourcerbit& motion of
waves and turbulences of breaking waves close to the reef rims under stornoesiitiate

resuspension from the sea floor and transport even to higher coastal areas.

The finer compounds are derived from settlings of suspended matieg tle daily tidal
cycle. Referring to observations after rainfalls island effts with heavy loads of terrestrial
suspended matter ruffles the coastal water and deposit maiobasgtal sections where the
mangrove belts have been destructed. On the other hand fishermen and wbtker fish
farm Siulung consider companies mining bauxite ore on the neighbosiamgls to be most
responsible for the temporary increase of cloudiness, that is suddeads, of the sea water.
Consistency, colour and the spatial distributions of the coatings atesitieicted coral point
out that an influence of mining on the suspended load in the water thes likely than to

exclude.

Organic matter differs from conservative (mineral based) sedimompounds in terms of
biodegradation, sources and accumulation processes. Organic matisedefrom the fish

farm represents an attractive nutrients source for numerausengaganisms. Oxygen supply
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and sufficient dispersion proposed the matter is bio-decomposed to biasatrcompounds,

which are rapidly absorbed by the oligotrophic marine environment.

The hydraulic conditions close to the fish farm Siulung widelyg@méa long-term deposition
of organics released. Matter that has settled to the seaaldone periods of low water
motion at high tide and low tide are re-suspended by tidal carveinén they exceed the
critical shear velocity of the deposits. According to the hydranvironment the fish farm
area is exposed to the tidal dispersion of matter releaselvisusly so effective that the

deposition of the matter in the adjacent tidal flats seems to be negligible low.

In more distant coastal section of Siulung far away from the fish farm stlieces of organic
matter in sediments have to be taken into account. In this taetegstrial effluents and
detritus of the coastal mangroves may play an important roléadosupply of the tidal flats
with organic matter. Boto et al. (1991), Atmadja & Soeroyo (198dind that mangrove
forest export significant quantities of particulate organic endtt the adjacent coastal waters
mainly in the form of mangrove plant litter. They indicate for calastangrove associations
in West Java (Ujung Kulon) a net primary production of 17,3 kgoratta'day®; other
species achieve 40-45 kg carbor’tiay’ . According to the existing coastal mangrove
forests belt in Siulung bordering the coral platform a tremenddligence of organic matter

leaking out of the mangroves on the supply of sediment hase to be taken into consideration.

Moreover the primary production of diatoms and green algae on thks @d sediments is
another significant source for organics in the sediments found. Thelrsatppdy in the tidal

flats with organics obviously takes place in a magnitude thaarti@unt of organic matter
found in the tidal flats sediments is comparable to the amount of orgeatier in sediments
found close to the fish farm Siulung if the observed variabilitieims of standard deviation

is implied.

If statistically the 95% confidential interval of the meaM @ontents in sediments (Gauss
distribution proposed) is applied for assessment the relationshiditoesgs beneath the fish
farm the contents are not enhanced: The natural variation afybaie organics in sediments

covers or even mask a possible fish farm influence in local and regional scales.
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Sediments carrying capacity of organic pollution and cumulative féects by fish farming

in a tidally influenced region in Riau region, Indonesia

By Peter Krost, CRM, Tiessenkai 12, D-24211 Kiel, Germany

Abstract

The deposition of organic material, rates of organic matter breakdawd benthos
community in the vicinity of two fish farms in a tidally influemteegion of the Riau
archipelago, Indonesia, have been studies. In general, the area ssiteellfor fish farming:
The supply of oxygen caused by strong currents keep the water quality fagéuefish high,
the bottom topography allows access of large boats as wéle agthchment of the fishfarm
to the ground, tidal currents remove practically all particaldtem the seafloor thus
preventing anoxic sediment conditions and environmental deterioratiomi©rgatter decay
rates account for the breakdown of 0.5 to 2 g carbon per squaremeti&ayanelating to the
rate of deposition of organic material. Organic matter dedayg m&e a measure for sediment
carrying capacity of organic pollution and are a useful toot&fming limits for single and

multiple input sources.

1. Introduction

In the past 30 years, marine fish farming has become a maustry in many coastal areas
of the world. Considerable ecological experience has been madewawdriot always a very
pleasant one:

In the early days of marine fish-cage culture in the 70sltesied coastal areas — such as
Norwegian or Scottish Fjords - were preferred as farmiteg.sThe undesired side-effect of
this choice was discovered soon afterwards: protected, shelteasltand to have limited
water exchange; the excess feed caused eutrophication,dffetis water column as well as
on the sea bottom.

In subsequent years efforts were made to minimize these umbdefeets: Models helped to
clarify the whereabouts of dispersed particular materiale@xdeeds, faeces) and diluted
compounds (nutrients, Angel et al. 1995), current studies and improved feedelped to
decrease the undesired effects.

The following table gives an overview of all potential ecologicahages which can occur
due to the presence of a net-cage fish farm.
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Table 1: Observed consequences of fish farming for the environment

Problem Consequence Subsequent consequence

Food input Increased load of particulateOrganic enrichment on sea floor, Decrease of
organic material oxygen,

Food input

High fish Decreased oxygen content in

density in cagesvater

High fish High metabolism High ammonia loading of sea water

density in cages

°2

Net cage Decreased current velocity Decreased oxygen content in water

Fish farm Mechanical damage to

construction  |environment

Use of Distribution of antibiotics in

antibiotics environment

Genetically Genetic mixing with wild

altered fish population

Fish diseases Distribution of diseases in the

environment

As nothing in nature is ever constant, natural ecosystems héeeabole to react flexibly to
changing circumstances; however, this flexibility has itsté, and major negative ecological
effects of anthropogenic disturbances are always the result ahlaalance between the
magnitude of disturbance and the (limited) potential of the natysééra to cope with the
disturbance. Next to quantifying the disturbance — in this cagdymapresented by the input

of organic material through fish feed and faeces (Roisin-Niedesrd2006, Van der Wulp
2006) — the documentation of thatus quaoof the sediments a well as an assessment of the
carrying capacity of the natural system will be the maskgaof this study. The paper will
show that basic geochemical data are able to provide tools ifoagseh of sediment carrying

capacity including cumulative effects as well as mitigation stiegefigr coastal aquaculture.

2. Study area

The study area in the Riau archipelago, Indonesia, has been ddsaoribetail elsewhere
(Ladwig & Hesse in prep.). A settlement on Pulau Siuliung providing hguer approx. 30

families is prevailingly sustained by two fish farms atigland of Siuliung, south of Bintan
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Island in the Indonesian Riau area. The area is subject ofysstreng tidal regime, which

generates currents up to 0.6 mseeveral times per day (Krost & Runte in prep.).

Bathymetry

The bathymetry in the study area is characterised by anehaystem and coastal flats,
stabilized by coral reefs. The flats have a water deptheaetvt and 3 meters. Most of the
settlements and also the fish farms are constructed in thaBews areas. The flats stretch
about 50 to 300 meters from the coast into the sea and end in an &xtsbar@ slope
descending from 3 meters to 11 - 13 meters water depth. Maxinaten depth found in the

study area was 16 m.

Sediments

A variety of sediment patterns was found; a prominent sedimertaldgature was a thick
grey layer of pure clay, which was found in most of the statisumlly a few centimeter

below the sediment surface (Runte in prep.).

Fish farms

Two major fish farms are operating in the study area, neseveral smaller units which
belong to various owners. The size, operation procedures and otherdé&aits are
summarised in Van der Wulp 2006. Both large operation were studiedofegnience, we
refer to the Fish Farm close to Serai Island as “FF Seha"other on the southern side of the

channel and close to our expedition base as “FF Lab”.

Materials and methods

Sampling and analysis techniques have been described in Hoppe &irKprep., Krost in

prep., Krost & Runte, Van der Wulp 2006, Réisin Niederndorfer 2006, Runte & Krost in prep.
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Fig. 1. Schematic visualisation of fish farms and sampling positions

3. Results

Organic pollution

No clear interdependence between the organic pollution of surfedahents and fish farms
could be found. In fact, lowest as well as highest concentrations feend directly

underneath the fish farm, while reference stations in 100 resp. 100G@tamo#i showed
intermediate values of organic content (fig. 2) the varianclkeeotontent of organic carbon in
the study area exceeded the differences between sites wattlethe fish farms and at

reference stations.
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Fig. 2: Organic carbon in the study area at fish farm Siuliung. The dashed box ewlibat
position of the fish cages, the numbers in circles represent thenpegeeof organic carbon

in the uppermost sediment layer. (data: courtecy of Dr. Runte, Kiel).

Benthic degradation rates

There are various ways of degradation of organic matersddiments, according to the site-
specific conditions. The most prominent factor is the availabilityxafgen which largely
controls the speed of decay (Findlay & Watling 1997). The followaitdgetgives an overview

over important metabolic processes and benthic assemblages, following Hoan&065).

Table. 2: Scheme of dominant metabolic processes and benthic conditions actoiitieg

oxygen suppl, following Holmer et. al. 2005.

Benthic Oxygen Zonation

Oxic A (Il Oxic B (1) Hypoxic (1) Anoxic (0)
Eh (mV) >+ 100 +100to O 0to -100 <-100
Total Sulfides< 300 300 to 1300 1300 to 6000 > 6000
(UM)
Dominant Aerobic Metabolism Sulfate Reduction Anaerobic Chemosynthesis
Metabolic 0O, and CQ SO reduced to LECO, reduced t
Process Respiration / Photosynthesigand § carbohydrates by oxidati

of Hp, H,S, Fé*, NO,

Dominant Megafauna (> 5 cm) Meiofauna |Protozoa Anaerobic bacteria
Benthic Macrofauna (> 0,5 mm) Nematode Ciliates
Fauna/Flora Meiofauna (< 0.5 mm)

Aerobic algae/bacteria Facultative anaerobic bacteria
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In order to determine the rates of benthic metabolism, the foltpapproaches were used
(for details see Krost in prep.):

1. Lab incubations Sediment cores including overlaying water were sampled and

carefully transported into the lab and cultivatedhisitu temperatures. The change of
oxygen concentration in the overlying water was measured time series. This
approach also prevents fish dwelling activity completely, and biotarbabf
invertebrates to a large extent.

2. Porewater profilesThis approach is convenient under certain conditions, as it does not

require sophisticated underwater work; it requires information olusisediment
parameters and calculations for diffusive fluxes; this approgstersatically ignores
the role of bioturbation and water currents, and is therefore an umuatesof the
real fluxes.
A reasonable match between the various methods and approaches wasgaurdmarised
in table 3

Table 3: A summary of organic matter breakdown rates, calculated frorarediff
methodoligical approaches

Date of sampling Location Water method Corg decay
depth (gC*m?*d?

06.05.2006 FF Serai/ E 5.8 Electrode (SOD) 1.39
07.05.2006 FF Serai/ C 7.5 Electrode (SOD) 1.26
10.05.2006 Ref. 2 7.0 Electrode (SOD) 0.47
11.05.2006 FF Lab /W 12.0 Winkler titration (SOD) 0.39
11.05.2006 FF Lab /W 12.0 Winkler titration (SOD) 0.26
12.05.06 FF Serai/ N 4.5 Winkler titration (SOD) 0.87
12.05.2006 FF Serai/ N 4.5 Winkler titration (SOD) 0.49
12.05.2006 FF Serai/ N 4.5 Winkler titration (SOD) 0.77
13.05.2006 Ref. 2 7.0 Winkler titration (SOD) 0.26
13.05.2006 Ref. 2 7.0 Winkler titration (SOD) 0.34
13.05.2006 Ref. 2 7.0 Winkler titration (SOD) 0.27
19.09.2005 Shallow water, 2.0 Porewater (ammonia flux) 2.38
20.09.2005 Ref. 2 7.0 Porewater (ammonia flux) 1.35
21.09.2005 Ref. 3 10.5 Porewater (ammonia flux) 0.43
23.09.2005 FF Serai/ C 7.5 Porewater (ammonia flux) 0.97
25.09.2005 FF Serai / E 5.8 Porewater (ammonia flux) 0.26
25.09.2005 FF Lab /W 12.0 Porewater (ammonia flux) 1.73
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Benthos community

Neither the number of species, nor the abundance of individuals peraaiia the diversity
of the benthic community can be assigned to the distance respegtioglgnity to the fish

farms.

In effect, the variation between benthos samples under or close festlihfarms and at
reference stations did not exceed the variation that was foumngdretdifferent reference
sites. We therefore conclude, that despite the high input of orgaaterial (Roisin

Niederndorfer 2006), and as opposed to the majority of reported @isiathnderneath fish
farms, no adverse effects on the benthic community could be detecteash eduld be

directly assigned to the fish farm influence. Particularly norebial mats, no azoic and/or

anoxic conditions, no mass abundance of opportunistic species have been observed.

Tab. 4: Summary of benthos samples:

Station Sampling Water depthNo.of Abundance Diversity
date (m) species  (Ind m™®) (Hs)

F Serai/ C 2005 7,5 16 1992 2,48
F Serai/ E 2005 5,6 11 1299 2,25
Ref. 1 2005 4,8 15 1559 2,66
Ref. 2 2005 7,0 24 3725 2,82
FF Lab /W 2005 12,0 9 1386 2,01
FFLab/C 2005 10,5 19 2685 2,66
FFLab/S 2005 12,0 5 953 1,29
Ref. 3 2005 10,5 8 1040 2,02
Ref. 1 10.05.06 | 6,0 7 953 1,85
Ref. 2 10.05.06 | 6,0 4 433 1,33
Ref. 3 13.05.06 | 7,5 19 1906 2,9
F Serai / C-W | 07.05.06 | 6,7 22 2599 2,93
FSerai / W 09.05.06 | 7,5 17 2079 2,73
FSerai/ N 09.05.06 | 7,5 13 1386 2,51
F Serai/ E 06.05.06 | 4,7 21 2339 2,97
F Serai/C-E | 12.05.06 | 6,0 14 1559 2,58

4. Discussion

Emission, sedimentation, deposition

The fish farming activities result in a strong input of organatenal into the natural system,
mainly due to fish faeces and uneaten food. Van der Wulp (2006) estithatttal emission

of particulate carbon from fish farm Siuliung to be 2900 kg per momsih &5 kg per day.

The mean areal emission from the fish farm (the dimensionE &ilHiung are approx. 100 *
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30 m) would thus account for 318 g C?uii*, a number considerably higher than the estimate
of RéisinNiederndorfer (2006) of 7,3 g Cha™* which was based on sediment trap results of
the same area. Even lower is the estimate of Krost of 1 g € m? d* derived from
decomposition rates.
The most probable explanation for the difference between emissiomesgdiion and
deposition is the influence of currents. Particulate organic rahter released in large
guantities from the fish farm; it gets dispersed in the watérmn and removed by strong
currents from the sea floor.
During several dives the author observed a heavy sedimentation nfcopgaticles such as
scales, fish bones, uneaten fish tissue (from feed fish) ayel dmantities of faeces from the
fish farm, particularly during feeding periods. It was also oleskrthat large particles,
including entire bodies of dead fish were moved from the sedimentsuwafal disappeared
when tidal currents began. Although no dives under fish cages weeetakeh when tidal
currents reached their maximum due to safety consideratioaggiy likely, that sedimented
material is completely removed from the sediment surface uitlessncorporated into the
sediment by benthic animals. This assumption is also strengthimnede fact that the
sediment surface appeared completely clean when the currenésasgtnn intensity and
diving was possible again.
Regardless of the fact that currents remove the vast magbnggrticulate material from the
sediment below the fish cages, a reduction of organic input will befibeal for the entire
coastal ecosystem. By improving the feed efficiency, the faatdcbe operated in a more
efficient way with the following positive effects:

1. excess food spill will be minimized

2. costs for feeding will be reduced

3. the amount of fish catch needed for feed fish is reduced, and thuisdibsred side-

effects of fishing

Intensified research on feed demands and improved aquaculture techisioweeglired,

possibly by focussing on fewer species.

Detection and prevention of cumulative effects:

Despite the fact, that the existing fish farming actividesnot impose a threat to the seafloor
at the present state, a cumulation of farms in the area ctigihige that picture. Too high a
density of fish farms in the neighbourhood might lead to a pre-polluticheoincoming
water, thus decreasing the flushing and cleaning effect of tidal currrscuimulative effect
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of multiple sources of pollution will impose a severe problem whenldad of deposited
particulates exceeds the capacity of sediment to decompose #ppmx. 2 g C mhd™
Measurements of sediment parameters, such as a long tesanassts with sediment traps
near the sea floor, would be an easy way to check the potenkiadnisto help decision
makers to arrange fish farms in a sustainable way.

The question of cumulative effects does not only refer to fish fayniihere are other - and
possibly more severe! - anthropogenic stressors in this regianuldt be documented that the
corals in the study area are in bad condition (Hoppe & Krostap.prlt cannot be excluded
that they might have suffered from the fish farm operation; buetttethat even in a distance
of 6 km from the fish farm corals showed strong signs of de&didor, indicates that the
cause for coral decline must be assigned to factors of leegemal influence. Moreover, the
water in the study area is very turbid. A possible explanatiaich is in perfect agreement
with the opinion of the local population as well as with a UNEP tepois the extensive
bauxit mining activity in the region, which leads directly tmassive sediment transport and
— unvoluntarily but nevertheless — to deforestation and landslides, dalitibr@al organic
material will thus be transported into the marine system. Fatirtfeebeing it is not possible
to compare the extent of the various disturbances or to assignolbgieal effects to them.
However, regardless of the origin of the organic material, ansexioad will cause an
environmental deterioration in the water and on the sub-sea sediWWentherefore

recommend to install a monitoring scheme which includes sedimentation measarement
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The geochemical response of sediments to organic loading fromshf farming; a case

study in a tidally influenced region in the Riau region, Indonesia

by Peter Krost, CRM, Tiessenkai 12, D-24211 Kiel, Germany

1. Introduction

In the scope of the German — Indonesian project “SPICE” (Sciancthé Protection of
Indonesian Coastal Ecosystems), numerous environmental measuremenizeviormed in
the vicinity of a fishfarm in the Riau region of Indonesia durin@ twtense measuring
campaigns. This paper focusses the effects of fish farmingeachgmical properties of the

marine sediments, as well as of their causes.

2. Study area

Several fish farms are | The study area is described inl detsan der Wulp (2006). A
settlement on Pulau (island) Siuliung, south of Bintan Island in the Is@don®iau area,
providing housing for approx. 30 families is prevailingly sustainetinoyfish farms located
in a channel area between Pulau Siuliung in the North and the vditysamal “Pulau Serai”
in the South. The whole area is subject of a very strong tidmheegvhich generates strong

currents several times per day (see Krost & Runte in prep.)

The bathymetry in the study area is characterised by anehaystem and coastal flats,
stabilized by coral reefs. The flats have a water deptheagtvt and 3 meters. Most of the
settlements and also the fish farms are constructed in thaBews areas. The flats stretch
about 50 to 300 meters from the coast into the sea and end in an &xtsbar@ slope
descending from 3 meters to 11 - 13 meters water depth. Maxinaten depth found in the
study area was 16 m.

The sediment consists of a thick grey layer of pure clay, fourtdeinvast majority of the
stations, which is usually covered by a fluffy and silty sedinsntace of several cm
thickness (Runte in prep.).

Two major fish farms are operating in the study area, neseweral smaller units which

belong to various owners. Their respective parameters such asperation procedures and
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other farm details are summarised in Van der Wulp 2006. Both daeg@tions were studied.
For convenience, we refer to the fish farm close to Sdeaidsas “FF Serai”, the other on the
northern side of the channel and close to our expedition base as “FF Lab”.

oPulau Siuliumg  © o ©

0
Pulag, Serai © ©

Fig. 1. Schematic visualisation of fish farms and sampling positions

3. Sampling

For geochemical sampling, acrylic cores of 5 cm inner diametge inserted into the
sediment by divers at the stations indicated in Fig. 1. Per sayrgihtions a minimum of 2
cores were taken, and analysed by electrodes for Eh and pH in the porewatgrjdats and
used for incubation experiments, see Tab. 1:
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Table 1: List of geochemical samples and measurements:

Core |Date of Location Water | pH | Redox |Nutrien|Oxyge Incubatio| Grain |Organi
sampling depth potentia|ts n n size |c
(m) I (NHz) conten
t (LOI)

[11/01 19.09.2005 Shallow 2.0 X X X

[11/02 19.09.2005/ Shallow 2.0 X X

[11/04 19.09.2005 FFLabC 11.0 X X

[11/05 |{20.09.2005 Ref.2 7.0 X X X

[11/06 20.09.2005 Ref.2 7.0 X X

[11/07 {21.09.2002] Ref. 3 10.5 X X X

[11/08 21.09.2002 Ref.3 10.5 X X

[11/09 23.09.2005 FF Serai/C| 7.5 X X X

l11/10 |23.09.2005 FF Serai/C| 7.5 X X

[1/11 25.09.2005 FF Serai/E| 5.8 X X X

[11/12 25.09.2005 FF Serai/E| 5.8 X X

l1/13 25.09.2005 FFLab/W | 12.0 X X X

l11/14 25.09.2005 FFLab/W | 12.0 X X

l11/15 | 28.09.2005 FF Lab/W-C12.0 X X X

l11/16 28.09.2005 FF Lab/W-C12.0 X X

IV/01 03.05.2006 shallow 2.0 X

IV /03  04.05.2006 Ref. 2 9.5 X

IV/04 04.05.2006 Ref.2 9.5 X

IV /05  04.05.2006 shallow 2.0 X

IV /06 | 06.05.2006 FF Serai/E| 5.8 X X

IV /07 06.05.2006 FF Serai/E| 5.8 X X

IV /08 06.05.2006 FF Serai/E| 5.8 X El

IV/11 07.05.2006 FF Serai/C| 7.5 X El

IV/18 10.05.2006 Ref. 2 7.0 X El

IV/19 11.05.2006 FFLab/W | 12.0 X El'/ Wi

IV/20  11.05.2006 FFLab/W | 12.0 X Wi

IV/21  12.05.06 FF Serai/N| 4.5 X Wi

IV/22 12.05.2006 FF Serai/N| 4.5 X Wi

IV /23 12.05.2006 FF Serai/N| 4.5 X Wi

IV /24  13.05.2006 Ref. 2 7.0 X Wi

IV /25  13.05.2006 Ref. 2 7.0 X Wi

IV/26  13.05.2006 Ref. 2 7.0 X Wi
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EH- and pH- profiles

Eh and pH measurements were performed by inserting Ingoldoglestlinked to a WTW pH
meter into the sediment. The redox electrode allowed a maxsadiment penetration depth
13 cm, the pH electrode was restricted to 7 cm. The following gralpéxamples show the
depth distribution of redox potential (blue) and pH-value (red). Partigudarthe shallow
water site (core 1) the vertical gradient of redox potentiexiseemely steep, indicating strong
geochemical activities in the sediment. Also pH drops from ar8undhe overlaying water
to approx. 7.5, a value which is rather low for marine systems anchwhdicates the

presence of oxidising agents such a$,GHQS and others.

Core 1: shallow water Core 5: Ref. 2, 7.0 m
7 pH 8 7 pH 8
0 h 0 —
1 - 1 -
2 :h -2 h
s 3 | — g 3 -
2 4 :':h _g',— -4 ‘:h
S| m——— £ ——
R W— = S —
-_é 7 [ ‘ g -7 :h
n -8 | i » -8 —]
9 | ‘ -9 =
10 |! 10 [
12 12 e
-13 -13
14 -14
-15 -15
-500 -250 0 250 -500 -250 0 250
Redox Potential (mV) Redox Potential (mV)

Fig. 2 & 3: Vertical profiles of redox potential (blue) and pH valuedjrén sediments

exposed to high organic input (Fig. 1, left) and lower organic input (Fig. 2, right)
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Nutrient profiles

For analysis of porewater, the sediment was carefully moved upmithsh the sampling
cores and sectioned in horizontal slices. The sediment sliceselvated by adding 3 volume
units of distilled water to one volume unit of sediment and shaking tkeunm for one

minute. After about 1 to 2 hours the supernatant water was claar, #gwas analysed by

colorimetry for oxidised nitrogen (nitrite + nitrate ) and for ammoniaﬂ\)fafter filtration.
Seven cores were analysed for nutrients in September 2005. The predomutident

compound was NiT, while the concentrations nitrite and nitrate rendered to be toolte t
measured with accuracy under the given

expedition conditions. Core 1 shows the
Core 1: shallow water

distribution of NH in the pore water in

0
-1 | shallow water (2 m), very close to the
£? . .
2 [y village. A prominent peak of N&
S ‘ | o .
35 | | | - concentration in a sediment depth of 4 to
?'6 = 5 cm indicates a high turnover of organic
-7
& material. The sediment of this sampling
12 :: station is black, has a strong odour of
0 200 400 600 800 1000 Nydrogen sulphide and is obviously
polNH4 /1

anoxic due to organic pollution.

Fig. 4: Vertical profile of ammonia concentration in the porewater of shallow water station

At reference station 2, in a water depth of 7 meters, a m@aug decline of N

concentration with sediment depth is encountered. Core 7 from redestaton 3 shows a
significant concentration of NfT in the porewater in the top 3 cm of the sediment, while no

NH4+ was detectable below.
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Core 5: Ref. 2, 7.0 m

Core 7: Ref. 3, 10.5m
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Fig. 5 & 6: Vertical profiles of ammonia concentration in the porewataefdrence stations

2and 3

A similar pattern, however with higher surface values, was found uradbrtiee central part
of fish farm Serai at a water depth of 7.5 m. At the easternokmige fish farm elevated

porewater levels were detected down to a depth of 10 cm, withmua values between 3
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and 7 cm sediment depth.
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Fig. 7 & 8: Vertical profiles of ammonia concentration in the patewunderneath the fish
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At fish farm Pulau Siuliung (FF lab), close to our field statibe, sea bottom was extremely

hard to sample, as most of the area was covered with almost uapavietcoral rocks. We

assume that the strong currents have cleared the sea bottosoftateposits and prevented
the deposition of soft material. Only

close to the the western margin of the
Core 13: FF Lab/W; 12.0 m

farm, in a water depth of 12 m, we

1 ‘ ‘ ‘ found a stretch of sediment suitable for
2 = core sampling; the results are shown
Q-3
f‘f -4 below. High ammonia concentrations in
c
O 5 . . .

E the interstitial were found here, with
R —— . .
A — highest concentrations at the surface

s [ : ,

o and a peak in 6 — 7 cm sediment depth.

10 |

0 200 400 600 800 1000

umol NH4 /|

Fig. 9: Vertical profiles of ammonia concentration in the porewater undehnnéat fish farm
Siuliung

Fluxes calculated from nutrient profiles

Porewater profiles of dissolved compounds allow the calculation afsdi# fluxes, and thus
— in the case of nutrients and other compounds — also the rate of délcayajanic material

by which they are released.
Fundamental for these considerations is the assumption, that thlthares:ﬁeP\IH;+ Is caused

by the decay of organic material containing nitrogen compounds. Tleerdoation of NH*

in the porewater therefore is a function of:
3. the rate of production of N (decay of organic material) and

4. the rate of removal of NH

Within sediments, uptake of ammonia by autotrophous organisms can leeteeglithus

rendering diffusion and bioturbation the only cause of removal of NH

The here presented calculations of fluxes are based only on theiotifflusiux, while
bioturbation appears to be of minor importance in the sediments enealimi¢ne study area
(Krost & Hoppe, in prep.); still: the flux calculation remains a minimunmrese.
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The calculation follows Fick's first law:

F=-D*dC
with:

[ dx

F = Flux (in pmol * m? * d%)

D = Diffusional constant of the particular ion

C = concentration of the ion (in umol * dm'a)

X = distance (in cm)

The diffusional constant D has to be corrected for temperatuneitysadind for the so called

“tortuosity” (Berner 1971, Lermann 1975), a factor which makesctrestant suitable for

sediments by taking into acccount the deviations caused by the sedimentyarticle

For the 6 profiles we get the flux, and — considering the rati@uddon / nitrogen in living

tissue - also the organic matter decay rates as shown in table 2:

Table 2: Sediment characteristics, ammonia flux rates and organic mattay dates of

sediment samples from

995

Core # 1 5 7 9 11 13 Comments
Sampling position shallo |[Ref.2 | Ref.3 | FF FF FF
w Serai/C |Serai/lE |Lab/W
Porosity in topmost cm 0.8 0.8 0.8 0.8 0.8 0.8
Dsw 25° 19.8 1 19.8 | 19.8 19.8 19.8 19.8 |Li & Gregory
1974
Dsw 28° 21.07 | 21.07 | 21.07| 21.07 21.07 21.07
Dsed 28° 13.49 | 13.49 | 13.49| 13.49 13.49 13.49
Flux of NH,<* across11339.6414.4 2061.7 4639.03 | 1237.07  8247.16
sediment water interface |8 6 9
C /N ratio 175 | 175 17.5 17.5 17.5 17.5 Angeletal. 1
Cog decay (mmol * m? *|198.45 112.25| 36.08 | 81.18 21.65 144.33
d?)
Cog decay (g *n**d™") 1238 |1.35 | 043 | 0.97 0.26 1.73
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4. Discussion

In a steady state situation (steady sedimentation of orgamierroato a sediment surface and

steady decomposition rates), NH- porewater profiles show a more or less linear increase

with sediment depth (Krost 1990), or remain close to zero through tme sediimentprofile.

The shapes of the Nf profiles measured in this study cleary indicate a non-ststadey-
situation: highest ammonia concentration were found close to the sedioréace followed
occasionally by a subsurface peak, while ammonia concentrationeperdeediment layers
were lower. It can be concluded that a significant increasggaiic matter to the seafloor

must have occurred, causing the inverted porewater profiles oF.NH

Comparison of profiles of various distances from the fish farm did not showlearypatterns
or trends, and it remains very improbable that fish farming isntlén course of the
variability of the results. The profile of reference station@d 7) for example shows similar

surface-porewater concentrations of Nhas core 11 (fish farm Serai), even though this
station is further away from the fish farming activities than any otmapkng station.
However, it has to be mentioned that in the vicinity of human sedties higher
concentrations of ammonia in the sediment were measured (cores 1 and 13).

While in a steady state situation there is only an upward dffiasiflux of dissolved
nutrients, this is not the case for inverted porewater profilesréasing concentrations from
the sediment surface to deeper sediment layers): the conentgahdient causes an
additional diffusional flux downwards into deeper sediment layerstddfse, the downward
flux is slower than the upward flux, due to the higher porosity of deper sediment layers,
but ammonia concentration peaks 3 — 7 cm below the sediment sumfader (example
encountered in cores 1, 5, 11 and 13) may be explained by this effsbibwsa in the
following example:

A stochastic supply of organic material, caused for examplecbgsional sedimentation or
occasional stillwater situations, which allows the ingestion dinsented organic material
into the sediment by its inhabitants, will initially cause ahhapncentration of organic
material and its decay products very close to the sedimentesuabsequently the dissolved
compounds will decrease by diffusion, predominantly into the water eolbuot to a smaller

extent also into deeper sediment layers following the concentration gradient.
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Fig. 10: Calculated diffusive change of a NH

profile in the porewater over 10 days

I ncubation experiments

A different and independent way to estimate benthic turnoverigathe direct measurement
of the oxygen uptake of the sediment, usually called SOD (sedioxgygen demand). If
possible, large enclosures (“flux chambers”, “bell jars”) diyeplaced in the natural
environment should be preferred in order to minimize disturbance angimeffects. The
approach used here was laboratory incubations, a method which magkestede

measurements easier, particularly, where sampling (diving) is inconvenéedaagerous.

Methodology

The acrylic diver cores containing approx. 15 cm of the originalayieg water were placed
in the laboratory. The initial oxygen concentration was measureakebgle electrodes and
verified by Winkler titration. The core with overlaying watessthen covered by a layer of at
least 2 cm of paraffin in order to prevent gas exchange throughatiee surface and covered
by a light-tight cover. In the first experiments, the decredsexygen was measured either
periodically by electrodes; due to a equipment failure, for timair@ng experiments Winkler
titration at the beginning and at the end of the experiment was performed.

The decrease of oxygen content of overlaying water was correctdte water volume and

calculated for unit time and sediment area.
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Oxygen consumption reflects not only the oxic decay of organic ialateia defined system,
but also the subsequent oxidation of othér adceptors (nitrate, manganese, sulfate etc.)
which occurs in oxygenated bottom near water in the same ratieeasfflux of these
compounds from the sediment. SOD thus serves as a bulk paramétentioic turnover
processes. While, however, a sufficient supply of oxygen in the namvalonment of the
study area was always provided (oxygen saturation was alweys all water levels close to
saturation), the same prerequisit is not provided in an enclosurare@pertherefore, the
oxygen consumption decreased from initial high levels following smmptotic curve as

shown in the following figure.

SOD incubation, core 18, 10.05 - 11.05.2006

75
7 T
6.5 A
6 -
5,5
5
= a5
(@) 35 —¢-
S 3
2,5
2
1,5
1
0,5
0 \ \ \ \
10.05.2006 12:00 10.05.2006 18:00 11.05.2006 00:00 11.05.2006 06:00 11.05.2006 12:00

Fig. 11: SOD incubation experiment: decrease of oxygen concentration iovérkaying
water during 24 hours

Repeated measurements with electrodes make it easy to thefimatial slope, as shown in

the following example from core 19:
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SOD incubation, core 19, 11.05.2006
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Fig. 12: SOD incubation experiment: decrease of oxygen concentratitthre overlaying

water during the first hour of experiment

Based on these findings, experiments were stopped after 2 — 4 haorsirag to the height

of supernatant water in the cores. The following table shows shés®f all 10 incubation

experiments.

Table 3: Incubation experiments

Core # Date of Location Water |method SOD Corg decay
sampling depth (@ O *m?* (gC*m?*d?
dh

8 06.05.2006 FF Serai/ E 5.8 electrode 3.7 1.39
11 07.05.2006 FF Serai/ C 7.5 electrode 3.36 1.26
18 10.05.2006 Rference 2 7.5 electrode 1.24 0.47
19 11.05.2006 FF Lab /W 12.0 Winkler titration  1.05 0.39
20 11.05.2006 FF Lab /W 12.0 Winkler titration  0.68 0.26
21 12.05.06 FF Serai/ N 4.5 Winkler titration  2.32 0.87
22 12.05.2006 FF Serai/ N 4.5 Winkler titration 1.3 0.49
23 12.05.2006 FF Serai/ N 4.5 Winkler titration 2.04 0.77
24 13.05.2006 Ref. 2 7.0 Winkler titration  0.69 0.26
25 13.05.2006 Ref. 2 7.0 Winkler titration 0.9 0.34
26 13.05.2006 Ref. 2 7.0 Winkler titration 0.73 0.27

5. Summary and conclusions

The concentrations of ammonia in the porewater in sediments undathtii@ms were very

low, despite the fact that a large quantity of organic naterireleased by the farm (Roisin
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Niederndorfer 2006). No clear trend of porewater concentrations and redentiglotvas
found, that would significantly correlate with the distance from this sourceie$iem

A reasonable match between different and independent approachesrmimieg rates of
organic turnover were found. Highest organic matter decay ratetich coincide with
highest organic residues in the sediment (Runte in prep.) — were 1.5¢oC2*4m? * d?,
while lower values were calculated for the margins of fish farms deceree sites.

Except for the shallow water station next to the settlemérgampled sediments were oxic;
no indicators of anoxia or hypoxia (for example smell of sulphid¢hemrexistence of mat-
building, sulphide oxidizing bacteria ddeggiatoatype, absence of fish, changes in the
epibenthic life) were found. Moreover, the benthic community under thedisns did not
differ substantially from the community of reference siteopjpe & Krost in prep.)
Considering the fact that the eutrophic sediment close to theevMlatly all indications of
anoxic conditions had an estimated decay rate of 2.38 & €dit it can be concluded, that
the calculated rates of the other stations are rather cléise pmtential of oxic degradation of
organic material. In order to manage the fish farm in a swsdibs way — i.e. by by avoiding
negative eutrophic imprints on the underlying seafloor - it is of utt@ortance, that the
sedimentation of organic material does not exceed the degradatemigotWe therefore
conclude, that sedimentation rates of more than 1.5 & €dit should be avoided.

In the situation of the Siuliung and Serai fish farms, the vegngttidal currents prevent
extended deposition of organic material from the fish farms; #@wment therefore is
relatively void of organic overloading despite the considerablesens from the fish farm

above. The hydrographic regime renders the location of the fish farms to be fd@oura
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Influence of a fish farm on the benthic community; a casstudy in a tidally influenced

area in the Riau region, Indonesia

Kai Hoppe* & Peter Krost**
* Klstenbiologie, Wildenhorster Weg 4, D-24211 Wildenhorst, Germany
* CRM, Tiessenkai 12, D-24211 Kiel, Germany

1. Introduction

The benthos study was part of an integrated research plan i8diem¢e for the Protection of
Indonesian Coastal Ecosystems (SPICE)” project. Aim of theqroyas to investigate the
effects of fish farms on the environment and to develop a dacsipport system for the
establishment and sustainable management of such operations. Xpeetee that fish farms
do influence the benthic communities below the fish cages by fste$aand leftovers from
feeding. Depending on the amount of organic particles to be deposiedasitig as well as

detrimental effects are possible.

2. Study area

The study area was a channel between two islands, Pulau Siulumg Notth and Pulau
Serai in the South and has been described in detail elsewheredé@vaivulp 2006,
Niedernddrfer & Runte in prep.). A settlement on Pulau Siulung providesngdos approx.
30 families and is prevailingly sustained by two fish farntse Blands are located south of
Bintan Island in the Indonesian Riau region. It is noteworthy tleaatba is subject of a very
strong tidal regime, which generates currents up to m sec-1 severapanusy.

The bathymetry in the study area is characterised by anehaystem and coastal flats,
stabilized by coral reefs. The flats have a water deptheagtvt and 3 meters. Most of the
settlements are constructed in these shallow areas. Thetfletish about 50 to 300 meters
from the coast into the sea and end on the northern side in an déxtrgmaep slope
descending from 3 meters to 11 - 13 meters water depth. Theafigls of fish farm Lab are
extending from the top of the slope into the channel. On the other side of the channel the slope
is not as pronounced and the second fish farm (fish farm Secaihssructed at a water depth

of four to 7 m. Maximum water depth found in the study area was 16 m.
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A variety of sediment patterns was found; however, the most promseeinnhentological
feature was a thick grey layer of pure clay, which was fournddst of the stations, usually a
few centimetres below the sediment surface (Runte in prep.)dddy areas in the channel
were covered by a pavement-like calcareous stone surface Weitis éilem the village and

gorgonian corals.

oPulau Siuliumg

e .
Pulag Serai © ©

Fig. 1. Schematic visualisation of fish farms and sampling positions

Two major fish farms are operating in the study area, neseveral smaller units, which
belong to various owners. The size, operation procedures and otherdé&aits are
summarised in Van der Wulp 2006. Both large operations were studiecorh@neence, we
refer to the Fish Farm close to Serai Island as “FF Seha"other on the northern side of the
channel and close to our expedition base as “FF Lab”.
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3. Materials and methods

Fig.2: Coring below FF Serai

For sampling, acrylic tubes of five cm diameter were insartedthe sediment by divers at
the stations indicated in Fig. 1. Three cores were taken at aaghirsg station and sampling
date. The benthos samples were then sieved over 1 mm meshnsizeseaerved in 4%
buffered formalin solution. They were air freighted to Germanysamgkd and analysed with
the use of an Euromex trinocular zoom stereomicroscope at magoiig of 7 to 45.
Identification was achieved by comparing specimens to keys ascrigieons of North
Atlantic species as well as pictures in popular photoidentificaiiooks. Most animals were
identified to the family, but a few species were identicalEuropean counterparts (i.e.
Heteromastus filiformis, Scoloplos armiger

4. Visual observations

The corals at the slopes were in relatively poor condition. Theg wsually affected by a
high sedimentation load and by mechanical disturbance from boat,tfedim fishing with
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lines and nets and from fish farm trash. Still, the varietgavfl species was surprisingly
large. A number of brown algae, mainly Sargassum speciesgweveng on dead coral parts
in the shallow water region. Below two meter water depth only dpleen algae were
observed on dead corals. The channel bottom was littered with fish debris, but the

variety and condition of the gorgonians (mainly sea whips and farssgxeellent. Only few

fish were observed, some big specimens like a “tonkol” tuna were olyiegsapees from

the farm. A large number of fish traps was deployed under fish lfabm but many of those
are not looked after and held trapped fish in various states o&tstexvAround the net cages
of both farms some fish, mainly juveniles, were observed, but their msmias very much

lower than in comparable locations (for example Nusa Karamba, Seribu Islands).

Under fish farm Serai there was a rather uniform mud aresacditral position under the fish
farm was approx. 7 m deep. A large number of mollusc shells elEerved in an area of
about 10 x 10 m in the vicinity (north) of the central station. In #s¢ of the area large U-
shaped tubes were found in abundance. Hardly any wild living fish wetieed there, a fact
that appeared to be rather surprising as the food supply for wilt fesformous. During one
of the dives a feeding period was encountered at this station. & glbitd of meat particles,
scales and bones of the fish feed was sedimenting. However, taier@aevrelicts of previous
feeding to be found on the sediment surface. In May 05 mortaliigtimfish farms was very
high due to a high silt content of the water. Below many cages fiad fish were

encountered and observed to be rolling along with the current.

Fig.3: Photo from bottom below FF Serai with dead Napoleon fish
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At the eastern margin of fish farm Serai (water depth apfx@xm) there was a number of
Orbicular batfish Platax orbicularig and needle fish (c.iCrocodilian longtom Tylosurus
crocodilug (family Belonidae). The sea bottom is flat and covered witld.nThere is a
multitude of holes in the soft bottom almost regularly distributedsiplysthe effect of the
activity of sandeels.

In NE direction approaching the reference station 2 a few smuferfish (Arothron
immaculatus), including many gestating females, were foundedsaw/ small individuals of
Octopusspecies in caves on a flat of approx. 5 m water depth. Fwéiséthere is a lawn of
Halophila ovalisof at least 50 by 50 m. There were also a few anemones, butfmibst

sediment did not show any sign of life.

Fig.4: Immaculate Puffer (Arothron immaculatus), a common species on the mud areas

5. Benthos or Infauna

The sediments underlying Fish Farm Lab proved to be extremeadyobeheous, rendering
sampling at certain positions almost impossible. Therefore, owgéples were taken, and
most of benthos sampling took place underneath and in the vicinity lofFaisn Serai as

shown in Tab. 1:
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Tab. 1: Summary of benthos samples:

Station Sampling |Water No. of| Abundance |Diversity
date depth (m) | species |(Ind m™ (Hs)
FF Serai/ C 15.09.05 7,5 16 1992 2,48
FF Serai/ E 17.09.05 5,6 11 1299 2,25
Ref. 1 18.09.05 4.8 15 1559 2,66
Ref. 2 20.09.05 7,0 24 3725 2,82
FF Lab /W 25.09.05 12,0 9 1386 2,01
FFLab/C 19.09.05 | 10,5 19 2685 2,66
FFLab/S 25.09.05 | 12,0 5 953 1,29
Ref. 3 21.09.05 | 10,5 8 1040 2,02
Ref. 1 10.05.06 6,0 7 953 1,85
Ref. 2 10.05.06 6,0 4 433 1,33
Ref. 3 13.05.06 7,5 19 1906 2,9
FF Serai/C-W | 07.05.06 | 6,7 22 2599 2,93
FF Serai / W 09.05.06 7,5 17 2079 2,73
FF Serai / N 09.05.06 @ 7,5 13 1386 2,51
FF Serai / E 06.05.06 4,7 21 2339 2,97
FF Serai / C-E 12.05.06 6,0 14 1559 2,58

Determination of Indonesian benthos species — as it is the @aseobt tropical benthos

species - is rather difficult due to the lack of keys for species idenbficat
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Fig.5: Benthos sample after sieving and sorting

Therefore, the following list (Tab. 2) will only summarise thenber of species within the

major taxonomic groups.

Tab. 2: Number of species and their resp. taxonomic groups

2005 2006 | Both years
Polychaeta 29 30 40
Nematoda 1 1 1
Mollusca 6 7 10
Crustacea 13 15 23
Echinodermata |2 5 5
Nemertina 2 1 2
Bryozoa 1 1 1
Porifera 1 0 1
Coelentarata 0 2 2
Sum 55 62 85
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It was surprising that neither the number of species, nor the aburmfaincéviduals per
nor the diversity can be assigned to the distance respectivelyngsoxo the fish farms.
Water depth, coastal exposure and sediments were relativelgrsiwvater depth is also to be
excluded as a controlling factor for benthic ecological indices.

Fig. 6 shows the situation underneath and in the vicinity of FasimFEab: Most Species and
individuals were found directly underneath the farm, whereas at the mandins a@prox. 30

m distance lower values were ascertained.

Number of Species

urrent directi

FF Lab /W FFLab/C FFLab/S Ref.3

Individuals /sqm

rrent directi

FF Lab /W FFLab/C FFLab/S Ref.3

Diversity index (Shannon-Wiener)

rrent directi

FF Lab /W FFLab/C FFLab/S Ref.3

Fig. 6: Ecological indices of benthos samples underneath and in the vicinitly fb in
September 2005

As has been pointed out before, sampling underneath fish farm Lakliffiaslt. It was
therefore decided to shift the sampling program to fish farrai.SeEhe results are shown in

the following figure 7:
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Number of species

FFSerai/W FFSerai/C-W FFSerai/N FFSerai/C-E FFSerai/lE Ref.1 Ref.2 Ref.3
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2000 ﬁ&eyraﬂmgi Ldiggction
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1.000 ~
u
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Diversity index (Shannon-Wiener)l

FFSerai/W FFSerai/C-W FFSerai/N FFSerai/C-E FFSerai/E Ref.1 Ref.2 Ref.3

Fig. 7: Ecological indices of benthos samples underneath and in the vicinity of FF Serai in
September 2005

Highest abundance, species numbers and diversity were found at a refaoénce station,
while at the eastern edge of the farm these indices were. llowader to clarify the situation,
fish farm Serai was extensively sampled during the subsequertitexpén April 2006. This

time, reference station 2 showed a very low diversity and abuedaviule the benthic
coenosis shows no clear pattern underneath the fish farm. Refatatioa 3 refers to fish

farm lab and is listed here only for the sake of completeness.
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Fig. 8: Ecological indices of benthos samples underneath and in the vicfriitly Serai in
April 2006

6. Discussion

It was presumed, that an output of particulate nutrients would in @doeentration benefit
the benthos community and lead to a higher biomass below the fish éageshigher

concentration it might exceed the carrying capacity and threrééad to oxygen deficiency
and loss of biomass or diversity. However, the variation between besdhgsdes under or
close to the fish farms and at reference stations did not éxleevariation that was found
between different samples. It is therefore concluded, thattde@ high input of organic
material (Niederndorfer 2006), and opposed to the majority of repsittetions underneath
fish farms, no effects on the benthic community could be detected, whidth be directly

assigned to the fish farm influence. Particularly no microbialkm@o azoic and/or anoxic
conditions, no mass abundance of opportunistic species have been oliderdeskcretions,

particulate matter and even large objects, like dead farm fishtransported out of the

channel system (visual observations).
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The stone corals in the vicinity of the fish farm Lab are vy poor condition. It cannot be
excluded that their status has suffered from the farm operatione\dgoweven at significant
distance (approx. 6 km) the corals observed showed strong signs adrdéater indicating
that the cause for decline in their health status must benedsig factors of larger regional
influence. A possible explanation is the increased turbidity in thelevregion due to
extensive bauxit mining (UNEP report). This agrees with the olsmmydhat most corals in
the area were more or less covered by sediments. However, thaheel with its high
current speed the sedimentation affects corals to a much éagsed. Also, the gorgonians at
the channel bottom are in a very good condition, further indicatingtiyahegative influence
of the fish farm Lab do not reach the bottom. It is not clear whefteeGorgonians profit

from any farm output, due to a lack of comparable stations.

Obviously, the fish farm complex is situated in an optimum positiothenregion. Output
from the fish farm is distributed and diluted to a wide areahabrto effects on the benthos
community below or close to the cages can be shown. A limitatifurtteer enlargement of

the farm complex cannot be estimated from the available benthos data.
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Numerical modeling of the holding capacity of coastal finfish maricultue in Indonesia

ligar Ozgiirel

Research and Technology Centre Westcoast
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Abstract

In order to guarantee environmental sustainability, the dissolvermtunads arising from

marine fish farming activities must not exceed the holding agpat a specific site in

guestion. Nutrient discharge is closely related to stock size mwodird of fish produced.

Numerical modeling of nutrient emissions was used to support theiateonaking process
with respect to the maximum allowable stock size of coast@ tarms in Indonesia. After
validating the numerical model with field data different scenaz@ssidering various scales
of fish farm installations were examined. The holding capavias then determined
comparing the results of model simulations for ammonium immissuthsacceptable limits

for environmental sustainability

1. Introduction

Impacts on Indonesian coastal ecosystems by intensified fismépautivities are becoming
a problem of increasing relevance. A target of current econpaticies in Indonesia is to
increase the farmed fish production in the future in order to imptovdotal income and
social welfare of the coastal population. However, fish farm imgitgation should not lead

to a deterioration of the natural environment and should proceed in a controlled manner.

Hypernutrification caused by nutrient discharges from coas@ ¢arming constitutes a
predominant problem because of its stimulating effects on algamtlys and bloom
formation. The amount of nitrogen and phosphorus released from the fish ifatinearly
increasing with the stock size and amount of fish produced. In the ppegEntthe maximum
allowable size of fish farm implementation at a potential isitéetermined with the help of
numerical model simulations. The holding capacity is defined cangpanodel results for

ammonium imission with environmental threshold values taken from the literature.
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2. Setup of the model

Water quality simulations have been carried out with Delft3D-WgaQware package. The
hydrodynamic flow information is derived from the coupled two-dinwra flow module of
Delft3D. The model solves the advection-diffusion-reaction equation (Edistjetely to
simulate advective and dispersive transport of nutrients. The advedfissiati equation for

a two-dimensional depth integrated model may be written as:

2 2
€ _pdC_, C,p0 C—vyg—C+S+fR(C,t) @
y

—_= V —_ [
ot “ox: fox Yoyt

WhereC= concentrationD, andDy= dispersion coefficients in theandy directions,v and
vy= depth-integrated fluid velocities in theandy directions,S= additional inflows and
fr(C,t)= reaction terms for processes that are described in terms céntoaton and time.
The discharge terr8 is an additional discharge which in this study represents thel\eids
inorganic nutrient emission arising from the fish farms. Theti@atermfg(C,t) is comprised
of both physical and biochemical processes. In this study dpitycaemical process, namely

nitrification, is taken into account which is described in the following section.

2.1 Water quality parameters: Nitrification of ammonium

Concentrations of dissolved inorganic nutrients arising from aquacudictigities are

important limiting factors that exert an adverse impact omtiadity of the adjacent water
body. Results of the in-situ measurements indicate that ammonidhe isnost abundant
nutrient released (see Ladwig, this volume). In both of the imjagin areas in the vicinity
of the fish farms, high flushing rates are observed and confirméueldyydrodynamic model
(0.4-1 m/s). Thus, the impact on the bed sediment is disregardedor@knainary approach,

processes like nutrient uptake by algae as well as nutrimmesalization are not considered
as the temporal scale of the model simulations (3 to 7 daysfaat®o short for these
processes to have a significant effect. Denitrificationlse aot incorporated in the model
considering high dissolved oxygen concentration (>6’g/Nitrification is assumed to be the

most important transformation process.
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Nitrification is the chemical transformation of ammonium intaraté (with nitrite as an
intermediate product) under the presence of oxygen. The conversios tateperature and
oxygen dependant (first-order nitrification). In this study nitrificatis modeled as a sum of a
zero- and first-order process (as the water temperature, 30Righer than the critical value
of 3°C). Process parameters used in the model are listed in Tablel.

Table 1. Process parameters used in nitrification

Parameter Value
Temperature coefficient for nitrification 1.07
Ambient water temperature 30°C
Critical water temperature for nitrification 3°C
Zero-order nitrification flux 0 gN/ritd
First-order nitrification rate (for 20°C) 0.11/d
Optimum oxygen concentration for nitrification 5 g/m
Dissolved oxygen concentration 6 g/m

A temperature coefficient for nitrification is used to modife first-order rate for the actual
water temperature. However, it should be noted that direct measuie of the in-situ
nitrification rate are rare and data are mostly obtained thrmaijtect procedures. (Capone et
al., 1990). For comparison the first-order nitrification rate thatleen used in modeling
Singapore Straits (Tkalich et al., 2002) was consideredl.66x10’ 1/s<0.0] 1/d). Detailed
description of the numerical solution of the nitrification is giverDielft3D-WAQ manual
(2003).

3. Case studies

The ability of the water quality model to represent the agtualtu nutrient distribution is
checked by comparing data from field measurements conductedmulrand Serai Islands
with model predictions of the concentration values. The bathymetrietheofsites are
presented in Figure 1. The effluent arising from the fish fasmespresented as a point source
in the model domain with a certain (and constant in time) dischargeentration of the
relevant nutrient type. The flow characteristics derived from hp@rodynamic model is
incorporated into the water quality model considering either destidpl cycle -rewinding

the representative tidal period through out the simulation periodsy alirectly using the
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actual water level and current velocity data predicted fdrgbkaod. The time step for the
coupled hydrodynamic file is 30 min. The temporal resolution ofwthter quality model
depends on the numerical method selected and the computation timedredjeresatisfying
the numerical stability of the solution of the advection-diffusion eguoatt thus necessarily
follows that the maximum time step allowed in the water quaiibdel is the time step of the

coupled hydrodynamic model, i.e. 30 min.

e

O=-10.0 5.0 200 =300 0100 B 5.0 <200 W <330

=50 <100 [ E=E0 O=-5E <100 [ B W 200

=Ll H150 | Eind 0D [ Bkl W <300 W0
() (b)

Figure 1. Bathymetrical maps of the sites: a) Serai, b) Pramuka.

The dissolved nutrient load discharged from the fish farms wemsaget from the stock size
and type of the fish species involved with an empirical approastdban literature data on
the metabolic rates of farmed fish (Van der Wulp, 2006). Calculattchates of nutrient
discharge were crosschecked with field data on nutrient emissiooh were assessed by
tidal measurements underneath the fish cages (see Ladwigothmee). In this study the
concentration values as calculated from the empirical formulat®rt@nsidered to be in a

constant rate covering the whole time period of the simulation.

Data from nutrient measurements at the open boundaries of the modshdwre both used
to assign the nutrient loads entering the system and the at&fround values. The water
body at the open boundary locations is far enough from the fish farsiteg and not

impacted by other anthropogenic activities.

147



Two water quality models have been set-up for the two areas stigatton. Sensitivity tests

have been carried out for the Serai Island model because of the better dakaliguai

3.1 Serai Island Model

Field data taken from the third intensive measurement campaidd l{liMhave been used to
set-up the open boundary and initial conditions. The open boundary nutrient conaérens
defined from the in-situ tidal cycle measurements at thesdidosa The initial nutrient
concentrations have been determined from stations far away fromfliience of the fish
farm. The nutrient emission arising from the fish farm has bieemaed by considering the
monthly average of the estimated nutrient output estimation of adohdual cage cluster
(see van der Wulp, this volume). Ammonium emission through a single ataser is
calculated to be 0.007 to 0.015 gN/s, and for phosphorus between 0.0003 and 0.0006 gP/s.
The numerical solution of the advection-diffusion equation has been acdoedply an
implicit horizontally backward, vertically central scheme. Thistimd uses an iterative
procedure to compute the concentrations and offers some advantageimeeical schemes
using direct solving methods, which may be very time consuming apudrirg very high
internal computer memory. Details about the numerical schemieectound in the Delft3D-
WAQ User Manual (2003).

* Sensitivity tests

Time step:

The time step determines the accuracy of the transport aatiore calculations. The smaller
the time step, the higher the accuracy of the computations. Intordetermine the optimum
time step value time steps of 30 min, 15 min and 1 minute weesltdhe results have been
compared for ammonium concentrations predicted in the vicinity dighdarm (Figure 2).
The values differ slightly only at the highest and the lowesterdrations. Considering the
high computing time required for the 1 min time step and the lztteiracy achieved, a time

step of 15 min is selected.
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Figure 2. Influence of the time step on ammonium concentrations at the fish farm location

Effect of nitrification:

The ammonium emissions released from the fish farm are didpkig@wving the physical
conditions and undergo biological and chemical transformations at the see. As
discussed before, the key process for the biochemical transimmmat assumed to be
nitrification of ammonium. The effect of this process is exandhiog comparing simulations
which account for nitrification using the parameters listed ibl&&a with model runs
disregarding the process. In the latter case ammonium is catsiterbehave like a
conservative substance, i.e. only the advective transport deterrmaekstribution of the
nutrients. The predicted ammonium concentrations are shown in FiguretBeiowith the
water level at a site in the vicinity of the fish farm. @ be traced from the figure the peak
concentrations are reached following the low water periods when the flushing sapposed
to be minimum. In the case where nitrification has not been condjgeramonium levels are
only fluctuating with respect to the tidal cycle (flood and ebhbopgs). Integration of the
nitrification process leads to a decrease of ammonium contensrdout they remain at the
same range through out the simulation period. On the other hand tlzrenisrease in the
nitrate concentration during the first two days of the studyogdefihis phenomenon can be
explained taking into account the continuous dissolved ammonium emissiorthieofish

farm and the nitrate production through nitrification. In the casataite the concentrations
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increased as much as 50%. Consequently, it can be stated thathdrfhas a major impact

on the predicted nutrient concentrations.
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Figure 3. Effect of nitrification on ammonium and nitrate concentrations at the fish farm

Effect of water level:

An iterative loop of a representative tidal cycle period savaet the hydrodynamic data of
the two-dimensional flow module of the DELFT3D model was used as hydrodymgrutdo

the water quality model. Since the water exchange capacitheokite in question also
depends on the tidal cycle selected, two model simulations have bsgnetl in order to

check the influence of spring and neap tidal periods on nutrient advectiéigure 4 the
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water level predictions used in the comparison together with #eeage ammonium

concentrations during the corresponding tidal cycle are shown.
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Figure 4. Ammonium concentration comparison in the model domain considering neap and
spring tidal periods. The corresponding water level predictions are given in the

upper figure
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As the flushing capacity decreases during the neap tide dissolvedranm is less dispersed
and thus the concentrations in the vicinity of the fish farm aree rpoosnounced. For the
simulations concerning the determination of the holding capacity ofithethe worst case

neap tide conditions were selected to be on the safe side.

» Calibration with respect to nitrification constant

Dissolved nutrient concentrations measured during the third measuremeaigraiMC 111)
have been compared with the model results to calibrate the fist-pitrification constant.
As a first trial the default value of 0.1'dvas used as nitrification rate (Figure 5). The nitrate
concentrations predicted are higher than the observed values and amnoomnicentrations
are lower when this value is considered. The reaction ratehuasdecreased to 0.01' ¢
which is in the range of values applied to a similar area inrtipics (see section 1.2). The
application of this nitrification rate resulted in lower nitr§&%) and higher ammonium
concentrations (10%), which improved the accordance of model and field data.
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Figure 5. Measurement vs. model predictions of nutrient concentrationsledngi different

first-order nitrification rates.
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* Model results vs. measurements

The performance of the calibrated model has been tested on a setandield data, which
had been obtained two days after the first set at the samgotod&igure 6). The
corresponding predicted water level is also given in the figureeTikaro clear relationship

between the predicted nutrient concentration and the water Kpaft from ammonium,

observed nutrient concentrations are lower than the predicted ones.
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Figure 6. The measured vs. predicted nutrient concentrations after calibration in thigyvici

of the fish farm.

The accuracy of the model predictions is tabulated in Table 2.

Table 2. Prediction errors

Error type

NG

NH4

PO,

Mean absolute

0.786

0.986

0.927

Root mean square

0.0024 gN/m?®

0.0030 gN/m?®

0.0001 gP/m?®

15¢



» Determination of the holding capacity

The water quality model with the settings as described abovedemsapplied to the area of
investigation in order to examine the potential environmental itrgfez future expansion of
the aquaculture activities. The estimation of the holding capduotyld be based on three
environmental criteria: the bottom sediment quality, the water tgualthin the fish cages
and the water quality of the nearby water body (Stigebrandt, 200h)is study the sediment
guality was not assumed to be a critical factor due to strong currents and hidpedestiess,
resulting in intense resuspension and dispersion of particulateiahatethe area. For the
same reasons, oxygen deficiency was not a matter of concernstuttyearea. Therefore, in
the present holding capacity analysis, the enhancement of dissoivednaum levels was
considered as a primary indicator of water quality because pfdim@unced discharge of this
nutrient species from the fish farms. In the model scenario, maagfish farm cage clusters,
each consisting of 16 cages with 500 fish (tiger grouper), weredpddicever the area at sites
designated as ‘best suited’ in a previous suitability analygisdupranata, 2007) (Figure 7).
To determine the maximum allowable number of cage clustersysenpial-error procedure
was applied starting from an initial virtual number of cagetelssfollowed by a gradual
scale-up, thereby examining the resultant impact on the surroundteg vealy in terms of
ammonium concentrations. In the simulation, each individual fish farnesepted a point
source in the model. Nutrient discharge rates from the farnmes eedculated according to van
der Wulp (this volume). The analysis was carried out for the ndap dycle as shown in
Figure 4 by averaging the ammonium concentrations in this per@reBulting ammonium
concentration in the model domain is presented in Figure 8. Nutrienhcarhant was
compared to threshold dissolved ammonium levels as outlined in the euttigohica
assessment procedure of the Oslo-Paris commission (OSPAR 20&5)didg to this
assessment, critical nutrient levels are defined as an sscrbg more than 50% of
undisturbed (background) concentrations. In the present study, backgrouneitretiores for
ammonium were calculated from the open boundary nutrient measureresuiteng in an

average value of 0.0063 gNfand a threshold value of 0.01 gNjmespectively.
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Figure 7. Location of the

fish farm cage clusters.

200 cage clusters

Vs
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Figure 8. Determination of the site-specific holding capacity: Dissolved ammonium

distribution for various number of fish farm cage clusters

Excessive ammonium levels resulted for a scenario of 200 cage clustet80F@yge clusters
critical ammonium concentrations were observed in the North and Strigh close to the
shoreline, whereas in the channel the 50% limit was not exceddedinor impact on

ammonium levels in the area resulted in a scenario with 60 cagfersl. Fish mass stored in

60 cage clusters corresponds to 400 tons of tiger grouper.
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4. Discussion

The model approach adopted appears to be sufficient for the short itettation of
ammonium distribution in the region. However, significant negative a@oditive
discrepancies between model results and field data in the nudrgmnibution indicate that
localized and additional sink and source processes other than the wmhdidh farm
effluents must be taken into account in future efforts to improvauheerical water quality
model. In this context, water-sediment interactions in the shaffwly area, such as
ammonium release from the sediment and phosphate adsorption todroritgs, exchange
processes which are impacted by erosion and bioturbation, seem tmmb@ofelevance and
should be included in a local parametrisation. Another major procesgldi@ssed in the
model is the horizontal transfer of matter between the seahantutnerous mangrove belts,
which temporarily function as a sink or a source for dissolved inargaririents (Dham et
al., 2002).

Furthermore, in the present study it was assumed that the uptakatrients by the
phytoplankton and phytobenthos is largely compensated by reminéoaliaatl can thus be
neglected in the modelling. However, these processes exhibit a predospatial and
temporal heterogeneity, generally depending on light avatiabihd hence on water depth as
well as on the local supply of organic matter. In further studies assumption of a zero
balance of autotrophic and heterotrophic processes should be testeddegtmate field

measurements.

It should be noted that in this study the holding capacity determinationly based on the
level of the background concentrations; no spatial factor is addressepractice the
environmental quality standards (EQS) that constitute the holdingitbapé a specific site
are defined for a zone where the receiving water body and bedesedame changed from
their normal (background) state. This area (or volume) wher® E&p be exceeded by a
factor is called agllowable zone of effecf\ZE) (SEPA, 2004). AZE determination also
depends on the type of environmental impact. In cases where the impaatarily benthic
this zone is defined according to the extend of sedimentationazl faed food pallets (Ervik
et. al.,, 1997). On the other hand, when the primary impact is oret¢keésing water body,
flushing time calculation can be useful. According to SEPA (2008)e flushing time is
smaller than 3 days or the total biomass in the systemsgHaa 500 t, this impact can be
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disregarded. The AZE for fish farming activities is set td®@ m in Scottish practice when
the EQS in the water column are concerned (SEPA, 2006). It candxg thiat despite strong
tidal currents, calculation of the flushing time to decide on thenelxbf impacts can lead to

more insight to the problem.
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7. Nutzen und Verwertbarkeit des Ergebnisses

Die im Laufe des Vorhabens gewonnenen Beobachtungs- und Modelldalem ls¢eeits fir
sich allein genommen eine wichtige Datenbasis fir die noch wehagakterisierten
indonesischen Kistengewasser dar, auf die weitere Projekte somibh§rundlagen-
orientierten Forschungsarbeiten als auch mit angewandten Fhamgege im Bereich des
marinen Umwelt- und Naturschutzes sowie im Klstenzonenmanagement aufbauen kénnen.
Konkret steht mit dem aus der Entwicklung des DSS resultierendgfeklungen eine
wissenschatftlich begriindete Leitlinie fir indonesische Regishetgrden und die
Marikulturwirtschaft zur Verfigung, die eine umweltgerechte dtt®vung und Raumplanung
zukunftiger Fischzuchtaktivitdten ermdglicht. So bestehen bdogitreschrittene Planungen
der indonesischen Fischereibehdrden, im Bereich der Seribu-InséénRotanlagen zum
Sea-Ranching zu etablieren, zu denen die entwickelten hydrodyhamistodelle wichtige

Datengrundlagen liefern kénnen.

Uber die Einbindung indonesischer Wissenschaftler, Doktoranden, Student&irraed in
die Forschungsarbeiten wurde ein Wissens- und Technologietrarafsierge der nicht nur
der wissenschaftlichen Kompetenz im Partnerland forderliclsasigern auch das Bewusst-
sein fur die Notwendigkeit einer nachhaltigen Weiterentwicklung alesggjedehnten indo-
nesischen Kustenraums starkt. Nicht unerwéhnt bleiben soll auch, ddssldehmer beider
Seiten in dem Projekt viel von den kulturellen und wirtschaftlicherrizigen des Partner-
landes gelernt und mit auf den Heimweg genommen haben, sicherlitbsi®ine gute Basis
fur zukunftige bilaterale Kooperationen und Entwicklungen. Die Etablierung &oeble-
Degree Master of Science in Coastal Geosciences and Emgineesammen mit dem
Technological Institute Bandung (ITB) ist bereits weit forthesten, was ohne die im Laufe
des Vorhabens entstandenen Kontakte nicht denkbar ware. Zur logistiscls¢ben
Unterstitzung wurde dem ITB durch den Forschungsdezernenten der Udtivi€rsitein
kleines Forschungsboot Ubergeben.

Aufgrund der im Rahmen des Projektes durchgeflhrten Trainingsatdivitvurde seitens
des Gouverneurs Bupati Rahmadan und LIPI der Wunsch herangetragenn sddr a
Entwicklung und Durchfuhrung eines uberregionalen marinen Trainingseentauf den

Seribu-Inseln zu beteiligen. Das geplante Trainingscenter soll memeKonsortium aus
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ITB, IPB und der University of Indonesia in Jakarta getragen everdnd in einem
transdisziplindarem Ansatz abiotische, biologische und sozio6konomiscHhee Imbanitteln.
Die baulichen Voraussetzungen werden seitens der Provinz Serimzidina Es fehlt
allerdings an Ausbildungskapazitat im Bereich moderner Meerebkiorg sowie an Mitteln
fur die erforderliche Messtechnik, so dass von einer Beteiligung zunachstrehgessde.

Die im Projekt gewonnenen Erkenntnisse haben gezeigt, dassewedeameter im Ent-
scheidungsprozess des DSS anzusprechen sind. Sie bilden daher eiige Biasis fur die
Weiterentwicklung des Systems in einem breiteren Kontext,dr die soziobkonomischen
Aspekte berucksichtigt. Daher wurde ein Anschlussvorhaben formuliefénndie umwelt-
relevanten als auch sozio6konomische Entscheidungskriterien zusagfiineng/erden, um
eine in beiderlei Hinsicht ausgewogene Entwicklung der Marikuftuder indonesischen

Klstenraumplanung zu gewahrleisten.
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B. ERFOLGSKONTROLLBERICHT

1. Beitrag des Ergebnisses zu den forderpolitischen Zielen des Férgrogramms

Das Vorhaben ist dem Cluster ,Coastal Ecosystem Health“S6(RHEE Projektverbundes
(Science for the Protection of Indonesian Coastal marine Ecos)siemeordnet, welcher
einen wesentlichen Bestandteil der WTZ der Bundesregierung erelsleund Geowissen-
schaften mit Indonesien darstellt. Neben den allgemeinen Zietggn der WTZ, die u.a.
eine Verbesserung der bilateralen Beziehungen, den Aufbau von wisstiden
Netzwerken, die ErschlieBung neuer Forschungsregionen sowie den Auwusvau
Forschungskapazitat im Partnerland zum Inhalt haben, zielen diSRICE-Verbund
durchgefuhrten Aktivitdten darauf ab, unser wissenschaftlichestarelinis der Prozesse in
tropischen Land/Meer-Ubergangsbereichen zu erweitern und einencamgsnahen Beitrag
fur ein verbessertes nachhaltiges Umwelt- und Ressourcenmamagaeneindonesischen
Klstengewasser zu leisten. Sie liefern somit einen wichtigen Inpaem internationalen
IGBP-Programm LOICZ (Land Ocean Interaction in the Coa&tak). Die im vorliegenden
Projekt durchgefuihrten Forschungs- und Entwicklungsarbeiten stehen imniginkieden im
Aktionsplan der bilateralen Kooperation formulierten Zielen. Dieemd/orhaben gewon-
nenen Erkenntnisse und Produkte tragen dazu bei, die indonesischen Kistengewéabser
Lebendressourcen besser zu verstehen, zu schitzen und zu nutzen. Rés BX@Hrodukt
liefert eine Entscheidungsgrundlage fuir die nachhaltige Ressourcemgutzr indonesischen
Klistenmeere, auf die Regierungsstellen und Fachbehérden, die in Ehisghprozesse des
Klstenzonenmanagements sowie des Aufbaus und der Lizenzierung eoruErgaktivita-

ten einbezogen sind, zurickgreifen kdnnen.

Die im Vorhaben integrierten Schulungs-, Trainingseinheiten undk$§%ops in Indonesien
leisteten einen Beitrag zur Verbesserung der ForschungskapazitRartnerland. Einen
weiteren Schwerpunkt bildete die Aus- und Fortbildung indonesischer undclleut
Studenten. Aus dem Projekt resultierten 4 Masterarbeiten, die inmd®a des Master-
Studienganges ,Coastal Geosciences and Engineering” der Utdivd¢sel durchgefihrt
wurden. Flankiert wurde das Projekt weiterhin durch ein BMBF-deftes Stipendium-
programm des Deutschen Akademischen Austauschdienstes (DAAD). idtlemesische
DAAD-Stipendiaten waren im Rahmen des Postgraduiertenprogrg@mwastal Geosciences

and Engineering“ mit Spezialfragestellungen in dem Vorhaben eingebunden.
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2. Wissenschatftlicher Erfolg des Vorhabens

Als Ergebnis des Vorhabens liegt ein modellgestitztes Entscheiohauggssystem vor,
welches eine umweltgerechte Auswahl geeigneter Kiistengehiede fiiiinftige Etablierung
von Fischzuchtanlagen als auch eine Bestimmung der vertraglichenugusba der Farmen
ermdglicht. Die hierfir gewdahlte Forschungsstrategie bestanceiags Kombination von
Naturmessungen, numerischen Modellierungen und GIS-Anwendungen. Die konekpti
DSS-Strategie ist auf andere Kistengebiete UbertragbarglBighe gilt fir einzelne Module
des Vorhabens, wie das Modell zur Bilanzierung der Nahrsteg&onen aus den Kafig-
farmen.

Als eigenstandiges Resultat der Untersuchungen liegen daruber heratsalig

umfangreiche Datensatze, Modellentwicklungen und Karten zur réenliStruktur der
wesentlichen physikalischen und néhrstoffchemischen Parametedidtbeiden Unter-
suchungsgebiete in den Seribu Inseln und im Riau Archipelago (Bintan) swnh5das

Okosystem des Seribu-Archipels als auch dasjenige der Kiibtetegam Bintan gelten als
gefahrdet. Hauptursache sind zum einen die anthropogenen Belastungén deurc
expandierenden Grof3raum Jakarta, zum anderen der intensive Bauxitatiislichren Riau

Archipel. Die im Zuge der 4 Messkampagnen gewonnenen feldorientieetensatze und
Modellergebnisse bilden somit auch eine Grundlage fir weiterfidréndjekte, die eine

Okologische Zustandsbeschreibung dieser bedrohten Systeme anstreben.

Ein Erfolg des Vorhabens liegt auch in der erreichten Ausbilduiigjeeiz: Aus dem Projekt
resultierten insgesamt finf Examensarbeiten. Die im Laufe\iebabens entstandenen
Kontakte reichen weit Uber die urspringlich beteiligten Partméchtungen Institut
Pertanian Bogor (IPB) und der Universitat Riau (UNRI) in Pekanbaaus. Zusammen mit
dem Gondol Research Institute for Mariculture (Bali) und demtinstiof Technology in
Bandung (ITB) wurde ein weiterfihrendes Kooperationsprojekt vorber&ie Gesprache
mit dem ITB mundeten in konkrete Planungen zur Etablierung eines Dd@dyece-
Studienganges in Coastal Geosciences and Engineering zusammen mit desitéiniiel.
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3. Einhaltung des Finanzierungs- und Zeitplanes

Der Zeit- als auch der Finanzierungsplan konnten im wesentlishenvorgesehen ein-
gehalten werden. Geringfligige Verschiebungen in den einzelneioR@siim Rahmen der
wechselseitigen 20%-Deckung hatten keine Anderung des GesamtbadaFslge. Samt-
liche Messkampagnen konnten antragsgemal’ durchgefiihrt werden. Infolge dedlichsté
Prozeduren bei der temporaren Einfuhrung der Geréateausstattung ubhldelung der
Forschungsgenehmigungen verzogerte sich die Terminierung den emst der letzten
Messkampagne um einige Wochen.

4. Verwertbarkeit der Ergebnisse

Zur Verwertbarkeit der Ergebnisse sei auf 87 des Schlussbendmnggesen. Mit dem aus
der Entwicklung des DSS resultierenden Empfehlungen wird essenschaftlich begriinde-
te Leitlinie fur indonesische Regierungsbehdrden und die Marikultischiaft geschaffen,
die im Rahmen des Kiustenzonenmanagements eine umweltgerechégtetivg und
Raumplanung zukinftiger Fischzuchtaktivitaten ermdglicht. Es bestehindahesischer
Seite ein starkes Interesse an einer Erweiterung deuBDSziobkonomische Aspekte und

einer grol3flachigen Anwendung auf den indonesischen Kistenraum.

5. Erfindungen und Schutzrechtsanmeldungen

Entfallt

6. Ungeloste Fragen

Die ungelésten Fragen betreffen weniger geplante Aufgabenstellungenicht bewaltigt
werden konnten, als Forschungsdefizite, die sich wahrend der LadéeiProjektes erst
ergaben. Kenntnislicken betreffen u.a. die quantitative Formulierungusssnmenhangs
zwischen partikularen Emissionen aus den Fischzuchtanlagen und der Seulaitéint
Infolge der geringen Sinkgeschwindigkeiten, des kohesiven Charakters dematandigen
Remobilisierung und Transformation des deponierten partikularen Materra kritische
Belastungsgrenzen partikularer organischer Emissionen nur schwdefinieren. Hinzu

kommt, dass quantitative Informationen Uber die komplexen Wechselwirkungischen
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Sediment und Wasserkorper sowie Uber Umsetzungsraten der orgartististanz als auch
der (gel6sten) Nahrstoffe in den Untersuchungsgebieten fehlepragmatischer Grenzwert
der tolerierbaren Sedimentbelastung wurde daher eine kritischen Schubspasfmiad,dei
der das sedimentierte Material aus dem Bereich der Fisafrfialmmaus weiterverfrachtet
wird. Die numerische Modellierung der Wasserqualitat beschréméke zunachst auf den
Leitstoff Ammonium. Da stets eine gute Sauerstoffversorgung mddmawar und davon
ausgegangen wurde, dass sich in den oligotrophen tropischen Kusisegm die Raten der
Nahrstoffremineralisation und der Nahrstoffaufnahme die Waagenhaltede Nitrifizierung
als einziger Transformationsprozess in der Modellierung berintigtic Unbertcksichtigt

blieb bisher jedoch der oben bereits genannte Nahrstoffaustausch mit derartbedim

Das im vorliegenden Projekt konzipierte DSS bietet eine Enthahgshilfe fir die 6ko-
logisch nachhaltige Ansiedlung von Fischfarmanlagen. Gleichermb@eeutend fur den
Entscheidungsprozess sind jedoch neben den umweltrelevanten Aspekten somdgiiwno
Entscheidungskriterien. Nur unter Berlcksichtigung beider Erforderissssne ausgewo-
gene Entwicklung der Marikultur in der indonesischen Kistenraumplanuggwahrleisten.
Es soll daher der Aufgabe einer Projektanschlussphase Uberlessen sinem umfassenden
DSS sowohl die umweltbezogenen als auch die soziobkonomischen Aspektemas zu

fuhren.

C. ZUSAMMENFASSUNG

In den Kisten- und Inselregionen Indonesiens sind Belastungen dexsMieevelt durch eine
zunehmende Intensivierung der marinen Aquakultur ein Problem von grafisahadtlicher
Tragweite. Ziel des BMBF-Projektes war daher die Entwicklenges Decision Support
Systems (DSS) fiir ein 6kologisch nachhaltiges Management kiistennaher Fitatiagen.

Das DSS basiert auf einer Kombination von GIS-Technologien, numarisineulations-
modellen und Naturmessungen. Mithilfe des Systems kdnnen potenziellengsgebiete fur
die Ansiedlung von Netzkafigfarmen anhand gewichteter Umweltkntedentifiziert und
die zulassige GrofRe und Produktionskapazitat der Zuchtanlagen aui8adviodellsimula-
tionen bestimmt werden. Es besteht aus 3 Stufen: In eineam &shritt erfolgt grof3skalig
eine Vorauswahl von potenziell geeigneten Kistengewasser anhancheomschen und

physikalischen Schlusselkriterien, von Sedimentcharakteristika und igseaden. In einem
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zweiten Schritt erfolgt eine lokale Auswahl von EignungsgebiatéBasis der Wassertiefen,
der Strémungsgeschwindigkeit, der Wellenexposition, der Bodenneigung un8oden-
schubspannung. In einem letzten Schritt wird die maximal tdbemierBesatzgroRe anhand
von Simulationsrechnungen der Nahrstoffimissionen bestimmt, die eiestgelegten

Grenzwert nicht Gberschreiten durfen.

Die Funktionalitit des DSS wurde in zwei Kistengebieten Indonegjetestet. Die
Ergebnisse bestéatigen die Eignung des Systems als EntscheitfenfighiRegierungs-
behorden und Marikulturwirtschaft auf dem Wege zu einer umweltggere&rweiterung und

Raumplanung zukunftiger Fischzuchtaktivitaten.
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