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ABSTRACT

Overfishing or over exploited fishing in general defined as harvesting the fish
resources faster than it natural replenishes. The amount of fish that can be
produced from water areas have a strong link with the primary productivity of the
waters. Therefore, chlorophyll serves as one indicator of aquatic primary
productivity. Reef fish species is a kind of fish that is very popular and has a fairly
high selling value in the world. Apart from the sizeable increase in the production
of fish species is thought to have experienced symptoms of overfishing.
Consequently, an effective monitoring and management are required to maintain a
sustainable use of marine resources, admitting fish and its ecosystem. Remote
sensing technology has been enabling continues monitoring ocean color
properties. This study aim to find out the link between the dynamic of primary
productivity in surrounding Bintan Island waters with the reef fish production.
Apart, quantifying on reef fish production were done based on Total Allowable
Catch (TAC) from Ministry of Marine Affairs and Fisheries. Measured ocean
color properties shows relatively good performance. In general highest
chlorophyll concentration occurs when sea surface temperature lower between 25
to 28 Celsius degree. Statistics informed strength linear relation between sea
chlorophyll and primary productivity, r-squared 0,86 and very different from the
relationship between these two parameters with sea surface temperature. Across
eight years analysis on ocean color properties in area of study there is no
indication about degradation of primary productivity from 2005 to 2012, in fact
2012 recorded the highest level of primary production. Despite having no real
connection between the estimated value of primary productivity and distribution
of reef fish production, this study find out that a comparison of three years of data
from 2010 to 2012, production pattern of catches similar to the variation of
primary productivity in a year. Reef fish fisheries production increased rapidly in
Q2 to Q3 in one year and at the same time the estimation of primary productivity
also increased in the same period.

Keywords: primary productivity, chlorophyll concentration, sea surface
temperature, reef fish, Bintan, Kepulauan Riau.
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Chapter 1. Introduction

1.1. Background

The amount of fish that can be produced from water areas have a strong
link with the primary productivity of these waters, which are also limited by the
abundance of feed in the waters. Phytoplankton depends on the nutrient
concentration in the waters, because phytoplankton can only get that benefit from
nutrient through photosynthesis which takes place inside the chlorophyll (Nontji,
2007) to provide nutrient and organic material for higher trophic organisms such
as fish (De Vooys, 1979). Therefore, chlorophyll also serves as one indicator of
aquatic primary productivity, particularly fisheries where waters with high

chlorophyll concentrations would be preferred by the schools of fish.

Seafood, such as fish, crab, shrimp, squid, provides an important aquatic
source of protein for humans. Yet at global scale fisheries are insistently facing
human impact activities, namely population growth, overfishing, climate change,
pollution and habitat degradations (Burke et al., 2011; Khemakorn, 2006). Over
the past 40 years marine fisheries resources has been reaching Maximum
Sustainable Yield (MSY) and about 80 percent of world fishing ground are
overexploited (FAO, 2009). In 2014 (the latest report) FAO wrote that this number
increased to 90 percent, only 10 percent were not optimally utilized. As world
population continues to grow, the need of affordable high-protein intake also

increased.

Overfishing or over exploited fishing is in general defined as harvesting
the fish resources faster than it naturally replenishes (Gulland, 1983). In principle
fishes is a renewable resource that can reproduce naturally, unless its breaking
disrupted regeneration rate or reproduction cycles, the more that fish fails to
proceed to rejuvenate staging, the higher danger that a species population
becomes scarce and can become diminished (Bush, 2000). No fishing regulation,



uncontrolled fishing fleets and its catching ability, fishing techniques, and
unlimited fishing quota are among the driving factors of this phenomena.
(Nasution, 2013).

Overfishing can lead to ecological and economical dangers. For example,
in 1992, nearly 40,000 people lost their livelihoods when the cod fishery industry
suddenly stopped in Newfoundland, Canada. The disaster caused by the
deterioration of the state of aquatic ecosystems resulting absence of cod and after
15 years the fishers still expect the fish back into the water (Koster, 2014).
According to Newton, et. al., (2007) coral reef area worldwide is fished in an
unsustainable way or even overexploited. Moreover, in the Indo Pacific Ocean
and South East Asia region the trading of live reef fish has further contributed to

this overexploitation (Newton et al., 2007).

Effective monitoring and management are required to maintain a
sustainable use of marine resources, admitting fish and its ecosystem (Brown, et
al., 2005). Research vessels, as part of conventional monitoring approach, are
limited in time and spatial area coverage of an aquatic environment (Longhurst,
2010; Platt, Sathyendranath, & Fuentes-Yaco, 2007). An alternative monitoring
approach involves the use of remote sensing technology to observe marine
ecosystem properties (Brown et al., 2005). When ocean colors data released into
the public, all the limitations of access to the observation of aquatic ecosystems
cover a vast area and the time period can be obtained from satellite imagery data
(Platt et al., 2007). The use of satellite-based images also allow for routine and
cost effective monitoring of large aquatic environments within a short period of
time (Brown, et. al, 2005).

By utilizing satellite imagery and remote sensing technology expert can
be estimating chlorophyll concentration, temperature of surface waters as well as
environmental factors by predicting the aquatic primary productivity. Thus, in
general, it can be estimate if the excess quantity of fish caught is affected by the

declining quality of environmental parameters or not.



1.2.  Fishery in Kepulauan Riau, Indonesia

Several fisheries management areas (FMA) in Indonesia are presumed to
have been overexploited and to experience overfishing (KKP, 2009). This
includes, for example, Kepulauan Riau waters which are part of the South China
Sea. After 2008 the volume of fish production in this region is gradually decreased
to a negative growth of more than 9% (KKP, 2013).

A majority of the fishers is only capable of operating within five miles
from the coast (DKP, 2011). It is believed that almost two-third of catch reef fish
IS not recorded and to be considered as illegal, unreported and unregulated fishing,
where the practices of vessel to vessel fish trade are also not marked and not
logged. On Bintan Island there are only two public centers for fish landing,
which also function as fish market; both are located on the west side of the island
fish market of Tanjungpinang and fish landing port in Barek Motor, Bintan (DKP,
2011). However, most of the small fishermen unload their catch in private ports,
port that owned by “Tauke” or trader/businessperson, who supply all their needs
with some interest in return (Dirhamsyah, 2004). Those kinds of port couldn’t be

effectively monitored by fisheries authority.

Reef fishes are one of the main economic fisheries catch product in Riau
Archipelago, especially in Bintan and Tanjungpinang. These species are on the
market the whole year, especially for use in restaurants. Reef fish generally live in
groups on the reef and not far from the nearby island of about 1 to 3 miles at a
depth of 0 to 50 meters (Froese & Pauly, 2014), and have a higher sale value if
alive (Mak, Yanase, & Renneberg, 2005).

In Table 1.1 presents commonly reef fishes species for consumption and

traded in Bintan and the surrounding area.



Table 1.1. Common species of reef fish with high economic value in Bintan Island
(source: DKP, 2011)

No Common Name  Market name Species

1  Ekor kuning Yellowtail fish Caesio cuning

2 Lencam Spangled emperor Lethrinus nebulosus

3  Kakap merah Mangrove red snapper  Lutjanus argentimaculatus
4 Bambangan Crimson snapper Lutjanus erythropterus

5 Kerapu karang Sea basses Cephalopholis cyanostigma
6 Baronang Golden-lined spinefoot  Siganus lineatus

1.3. Problem statement

The increasing trade in live reef fish and its economic value are putting
pressure on reef fisheries by the increased number of catches (Mak et al., 2005).
Unfortunately, the lack of public (and government controlled) fishing ports
complicates the recording and monitoring of fishing trends; this is further
complicated by the presumed trade of live catch between fishers directly at sea
(Detik, 2014). According to Mak et al., (2005) and Lau (2014) Hong Kong is the
biggest importer of live marine fish and the largest consumer of reef fish.
Groupers (Serranidae), wrasses (Labridae) and snappers (Lutjanidae) are in
highest demand on the market. Of the top-ten exporters of live reef fish in Hong

Kong, Indonesia contributed almost 45% of the total.

A number of parties have indicated a decline in water quality in the
Kepulauan Riau in general and more specifically in Bintan. Various causes are
believed to have prompted a decline, among other illegal mining activity, tourism,
and litter and increased sediment in the water intrusion. The issue of illegal
mining activities has been rising since the mid-2009 where mining activity is
directly adjacent to the coastal region of Bintan Island, so the side effects are
certainly not small (Adriman et. al., 2012; BatamToday, 2014; HaluanKepri, 2015;
Tribunnews, 2010). Bintan is also an icon of maritime tourism destination in the

region, the widespread establishment of building hotels and resorts around the



coast and even up to 1 km from the beach. Trash on the islands, sometimes is a
problem that is not inevitable, especially after a large enough tide to the mainland
region. According to Adriman et al., (2012), sedimentation rate in these waters

into the category of mild to very severe.

On the other hand alleged occurrence of overexploited reef fish due to
the decreased quality and carrying capacity of the marine environment, pollution
of the water environment could cause the decline in the carrying capacity of the
environment to sustain life in the fish habitat, whether it is caused by pollution
from industrial and household waste, excesses of mining which are not
environmentally friendly and global climate change (Supriharyono, 2007).
Through an analysis of the changes in water parameters; chlorophyll
concentration, the temperature of the surface waters and aquatic primary
productivity is expected to provide information link between the presences of
these parameters with symptoms of overfishing on reef fish species in the study

area.

Remote sensing technology allows the analysis of whether there has been
a change in the quality of the ocean environment parameters from the time the
disaster occurred or even a few years earlier. Because of the remote sensing

products can store data on past events with coverage (Butler, et. al., 1998).

1.4.  Research Objectives and Questions

The main objectives of this study is to measure the exploitation of reef
fisheries in Bintan Island waters and compare with primary productivity of
Bintan Island waters, using a remote sensing-based approach. Sub objectives are

followed by research question:

a. To map the spatial distribution of sea surface temperature in Bintan island
waters from 2005 to 2012.
e Are there any major differences in dynamic of sea surface temperature
distribution during 2005-2012?



b. To map the spatial distribution of chlorophyll concentration as an indicator for
fish potential in Bintan island waters from 2005 to 2012.

e Are there any major differences in the dynamic of chlorophyll
concentration distribution during 2005-2012?

e What kind of relationship exists between SST and chlorophyll
concentration distribution in Bintan island waters during 2005-2012?

c. To estimates aquatic primary productivity in Bintan island waters and its
relationship with the catch data from 2005 to 2012.

e What kind of the relationship between primary productivity and
chlorophyll concentration?

d. To determine the exploitation level of reef fish based on fish regulation (total
allowable catch) and its link with the variety of aquatic primary production in
the study area.
¢ Is there any relation between exploitation of reef fish with aquatic primary

production?

e What are the alternatives to maintain a sustainable reef fishery?

1.5. Benefit of the Research

The result of this study is expected to give preliminary input towards
sustainable reef fisheries, especially in Bintan island waters, based on descriptive
analysis on the relationship between primary productivity and the volume trend of
production.



Chapter 2. Literature Review

2.1.  Primary Productivity

Primary productivity declares as the fixation carbon rate (material,
organic synthesis) within the water column that state as gram carbon that can be
produced within a time period (Molles, 2002). Moreover, primary productivity is
the production of complex organic compounds from the photosynthesis performed
by plants using carbon compounds and water molecules in the pigment greener
plants, and with the help of sunlight (De Vooys, 1979). Photosynthesis produced
an organic complex, which placed inside its green pigment (chlorophyll), is a
multi-stakeholder operation that involved carbon dioxide, water molecule and
sunlight (Behrenfeld & Falkowski, 1997a; De Vooys, 1979). So phytoplankton
plays an important role in photosynthesis, as primary production in the ocean that
can only be processed in the chlorophyll, but extreme temperature generally
reduce the rate of photosynthesis by plants (Molles, 2002). Mackey et al., (2013)
compiled that marine pico-cyanobacteria (the most abundant phytoplankton) able
to tolerate sea temperatures up to 30°C, depending on its geographical distribution

in the oceans.

Remote sensing technology based on its energy source divided into
passive and active remote sensing. Passive sensors detected sunlight reflected
from the surface of the earth in the form of solar radiation and thermal radiation,
in the form of visible light and infrared, this sensor does not emit energy but catch
the reflection of the sun from the earth's surface. In contrast to passive sensors,
active sensors emit energy to the earth's surface and then re-record the reflections
of objects from earth’s surface (Comiso, 2010; Lillesand, Kiefer, & Chipman,
2004).

Remote sensing technology can also be used to estimate primary

productivity in the marine environment using a spatial model of ecological



primary productivity. These mathematical models use spatial ecological approach
of surface chlorophyll concentrations and phytoplankton biomass in relation to the
carbon or nitrogen, as input (Behrenfeld & Falkowski, 1997a, 1997b).

In marine waters, primary productivity is highly dependent on the presence
of phytoplankton organisms as a producer and as a primary autotrophs organism
that contain chlorophyll pigments. Chlorophyll pigment serves to absorb sunlight
as a source of energy for photosynthesis. There are three kinds of chlorophyll in
phytoplankton, chlorophyll a, b and c. Chlorophyll a is a pigment that is important
in prose photosynthesis in marine phytoplankton (Strickland, 1960). Judging from
plant physiological, spectrum light absorbed by phytoplankton in the wave range
of 400-700 nm known as a PAR spectrum (Tripathy, Raman, Chauhan, & Ajai,
2014) which is similar to the spectrum of visible light is 360-780 nm. Pigment
chlorophyll-a have a high absorbance properties in blue and red channels. While
the chlorophyll-a will reflect green channel and near infrared because it does not
absorb radiation of electromagnetic waves in this channel. So the waters with high

a phytoplankton abundance will look more green than blue (Robinson, 2010).

2.2.  Sea Surface Temperature

Sea surface temperature (SST), is one of the important parameters of
geophysics in the ocean contains information about the limits that are used to
measure the heat flux at the air-sea interface. This information can be used on a
global and local scale. On a global scale, this information is used for weather
modeling and measuring interaction between atmosphere and ocean and their
anomalies (such as ENSO). SST, on a local scale, used to measure the biological

productivity, eddies, fronts and upwelling in the ocean (Comiso, 2010).

Satellite technology in measuring SST is far more advanced than the
conventional technology using ships and buoys, making it easier for global

observations and periodically. Sea surface temperature can be estimated in two



ways, namely thermal infrared remote sensing and passive microwave radiometry
(Robinson, 2010).

SST from of thermal infrared (TIR) method has the advantage of high
resolution and better accuracy and coverage availability is quite long, the
drawback of this product is very influenced by atmospheric effects, such as the
cloud so that atmospheric corrections need to be applied. Among TIR satellite
using current technology are NOAA, Aqua and Terra (with MODIS sensor) and
Meteosat. While SST from passive microwave is almost completely free of
atmospheric disturbances (cloud-free) and are relatively insensitive to atmospheric
effects, shortcomings have low resolution and accuracy and surface roughness and
precipitation affected. Application among others on the Aqua satellite (with sensor
AMSR-E) and Coriolis (Kuenzer & Dech, 2013; Robinson, 2010).

Traced of light has a strong vertical precedent in the ocean temperature.
Unlike in the dark bottom water temperature stand cool, sunlight keeps the surface
environment warmed, (Bush, 2000) this happen because the blender and mix of
water mass by wind. Sea surface temperature in the shoreline is higher than
offshore. The mean temperature in Indonesian surface waters about 28° to 31°C
(Nontji, 2007).

Sea surface temperature affects the rate of photosynthesis and
distribution of phytoplankton in the water column. The optimal temperature range
for the breeding of phytoplankton in the tropics, range 25-32°C (Kemili &
Mutiara, 2012; Nontji, 2007). According to Nybakken, (1992) temperature of sea
water is very high in the surface layer will be resulted in mixing of water masses
with the underlying layer (down welling) so that phytoplankton also carried over
into the water column and the waters become less productive. At the upwelling
location, sea surface temperature can go down to 25°C due to the cold water under
elevated to the upper layer (Nontji, 2007).

Water temperature and its variation are the most frequently used

environmental indicators to investigate the environment and fish behavior and
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abundance relationships (Kellogg & Gift, 1983). In marine fisheries potential
fishing ground can be predicted by overlaying data on lake surface temperature
and chlorophyll concentration in Lake Malawi (Chavula, Sungani, & Gondwe,
2012). Many fish species easily adapted temperature fluctuation as small as 0.1°C
and temperature can impact fish in many different ways, for example, fishes
metabolisms will be increased at higher temperatures, but the availability of
oxygen decreases as the temperature rises, causing the fish to stress (Helfman, et.
al, 2009).

The extreme temperature raised can caused coral bleaching and
increasing the coral mortality rate (Cinner et al., 2012) which will lead into
declining of the reef fish stocks in the coastal waters. In 1998 the increase in sea
surface temperature between 2-30C triggered by the EI-Nino phenomenon, has led
to extensive coral bleaching from Kepulauan Riau (East Sumatra) to the
Kepulauan Seribu (off Jakarta), Bali and Lombok, where nearly 90- 95% of
affected coral reefs flat down to depths of 25 m (UNESCO, 2000).

2.3.  Chlorophyll-a

The green pigment of plant or chlorophyll not only available in typical
plant organisms. In aquatic environment also has plantlike organisms that float as
the wave move the water, knows as phytoplankton while zooplankton for an
animal like organisms. Phytoplankton, as well as land plant, needs nutrients,
carbon dioxide, water and sunlight to life and growth. It is the chlorophyll that
catches the sun’s energy for photosynthesis (Sverdrup, Duxburry, & Duxburry,
2006).

Chlorophyll as high plant level divided into chlorophyll-a and
chlorophyll-b. The molecule structure and type of light absorb are the main
different.  Chlorophyll-a chemical compound as CssH72MgNsOs and
CssH7oMgN4Oe for chlorophyll-b. Blue, violet and red light catch by chlorophyll-a
and chlorophyll-b traps blue and orange and reflect yellow-green light (Nybakken,
1992).
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The ocean color shows general information on marine environment. The
blue water informs short of nutrient availability, limited gross primary
productivity and scarcity of the feed source (Bush, 2000). Phytoplankton needed
sunlight and nutrient to growth and regeneration. Therefore they need to be
remain in the upper layer of the sea surface to get benefit from sun’s energy. Even
throughout year tropical regions washed with high-intensity of solar energy,
nutrient are limited in the tropical water. Only at the equator, where upwelling
nourish the environment continually, giving the high rates of primary productivity
(Sverdrup et al., 2006).

The capability of remote satellite to recorded sea surface chlorophyll
measurement has allowed the measurement of primary productivity on global
scale affordable in time and research grant. It was expensive and took a long time
period when using oceanographic and fisheries research fleets (Sverdrup et al.,
2006).

The Coastal Zone Color Scanner (CZCS) is the first satellite-borne
sensors were created to predict the biological productivity of the ocean waters.
Ocean color data provides access to the characteristics of spatial and temporal
variability of chlorophyll structure so as to provide a breakthrough in the study of
the relationship between the tropic levels in the ocean (Comiso, 2010; IOCCG,
1999).

Based on the geographic distribution of material dissolved and suspended
material in the water Morel & Prieur (1977) introduced two approaches remote
sensing to measure chlorophyll content as an index of phytoplankton biomass are
Case 1 and Case 2 waters. Case 1 waters characterized when watercolor is a real
phytoplankton concentration and higher than other particles, usually applied in
open waters. In Case 2 waters inorganic particles predominate over the
chlorophyll concentration, generally applied in coastal waters with a large runoff

inputs and high human activity (Martin, 2014) .
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2.4.  Overfishing

Fisheries can be divided into small-scale and large-scale or artisanal
fishing operations. A small-scale fishery could be typified by an individual’s or
community’s effort to harvest fish using small boats or pulling nets by hand,
whereas a large-scale fishery could be a fully mechanized industrial trawler fleet
supported by a mother ship (Bush, 2000).

According to SEAFDEC (2001) small-scale or artisanal fisheries is
fishery with removable engine < 10 DK or 5 GT and operate in path 1; or boat
(with engine) below than 50 DK or 25 GT and operate in path 2. Industrial fishery
which has vessel with more than 200 DK or 100 GT and operate in path 3.

Fishers is not the only single player to be condemned for damage in
fisheries. Mangroves or wetlands provided shelter for spawning and protection for
from predation, as well the habitats supply high nutrients that let the young fish
grow rapidly (Bush, 2000). Development of coastal area, deforestation and
conversion of mangrove to shrimp-farming ponds has wiped out almost half of
this perfect nursery ground and make fish yet vulnerable to overfishing (Adriman
et al., 2012; Bush, 2000; Supriharyono, 2007).

Fishery management needs to be changed if its goal is to maintain a
sustainable harvest and a balanced ecosystem. Wherever possible, the fishers must
be given control over on local fisheries so that these areas may be “owned” rather
than treated as “a commons”. By monitoring fish populations and landings,
warning signals of a future population crash can be seen and action can be taken at

an early stage to reduce fishing pressure (Bush, 2000).
2.5. MODIS

Moderate-Resolution Imaging Spectrometer (MODIS) is part of National
Aeronautical Space Agency Earth Observing System (NASA EOS) program to
observe the earth from outer space. MODIS censor that launch with satellite Terra

and Aqua designed to collect and measure physical atmosphere characteristics
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also land and ocean characteristics. MODIS designed to record data continuously
as it successor AVHRR NOAA with a better sensor and technology such spatial
resolution, radiometric sensibility, geometric rectification, and more accurate

radiometric calibration (Danoedoro, 2002).

Table 2.1. Details information in each band of MODIS sensor (after Mather, 2004;
Aronoff, 2005; Jensen, 2007 in Danoedoro, 2002)

Band Bandwidth (um) Spatial Primary Use
Resolution
1 0,620-0,670 250x 250 m Land cover classification, chlorophyll
2 0,841 -0,876 absorption detection, mapping of leaf
area index (LAI)
3 0,459-0,479 500 x 500 m Land, cloud and aerosol related study
4 0,545 —0,565
5 1,230 -1,250
6 1,628 — 1,652
7 2,105 -2,155
8 0,405-0,420 1x1km Ocean color, phytoplankton and
9 0,438 — 0,448 biogeochemistry study

10 0,483 -0,493
11 0,526 —0,536
12 0,546 — 0,556
13 0,662 — 0,672
14 0,673 -0,683
15 0,743 -0.753
16 0,862 -0,877
17 0,890 -0,920 1x1km Water gas in atmosphere study
18 0,931-0,941
19 0,915 -0,965
20 3,600 — 3,840 1x1km Land surface temperature and cloud
21 3.929 - 3,989 surface

22 3,929 - 3,989
23 4,020 - 4,080

24 4,433 — 4,498 1x1km Atmosphere temperature measurement
25 4,482 — 4,549

26 1,360 —-1,390 1x1km Cirrus cloud study

27 6,535 —6,895 1x1km Water gas study

28 7,715-7,475
29 8,400 -8,700

30 9,580 -9,880 1x1km Ozone study

31 10,780-11,280 | 1x1km Land surface temperature and cloud
32 11,770-12,270 surface measurement

33 13,185-13,485 | 1x1km Study on top of cloud characteristic

34 13,485-13,785
35 12,785 -13,085
36 14,085 — 14,385
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To study the biological characteristics of the ocean, from table 2.1
informs that the channel with the ability to recognize these characteristics is the
band 8 (405 — 420 nm) until band 16 (862 — 877 nm). Common information could
be intercepted is associated with ocean color, chlorophyll waters, phytoplankton
and ocean biogeochemical. Various levels of MODIS products which are available

to date are presented in Table 2.2.

Table 2.2. MODIS product level specification (source: NASA Ocean Color web,
at http://oceancolor.gsfc.nasa.gov )

Product Level | Spatial Resolution (m) Description

0 250, 500, 1000 Raw format data, unprocessed
instrument/payload data at full resolution,
no geocorrection

1A 250, 500, 1001 Radiance data and georeferencing
parameter, no geocorrection

1B 250, 500, 1001 Radiance data and georeferencing parameter
(Level 1A data) with calibrations applied

2 1000 Data consist of derived geophysical variables
with calibration and atmosphere correction
applied

3 4630, 9000 Aggregated/projected geophysical variables

(Level 2) spatially and temporarily,
georeferencing applied

4 9000 model output or results from analyses of
lower level data, for example ocean primary
productivity
(http://www.science.oregonstate.edu/ocean.

productivity/)

Products Ocean Color Level 3 SMI is generated image of the binned data
product and derived from SeaWiFS, MODIS, or OCTS. This product has a two-
dimensional image with an Equidistant Cylindrical projection or also known as
the Plate Carre. Products Ocean Color 