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Abstract. East Kalimantan's fishery resources can be found along the waters gthe Makassar Strait to
the Sulawesi Sea. Oceanographic parameters are very influential factors on fishery resources, especially
fish catches. Chlorophyll-a is closely related to the primary productivity of the environoment and it is
capable of sustaining large amounts of phytoplankton biomass. Sampling of phytoplankton was done in
the field by seawater filtration and samples of phytoplankton were collected from the stomach contents
of Indian mackerel (Rastrelliger kanagurta), while the data on chlorophyll-a distribution was the result of
SeaDAS data processing in form of Ancillary Satellite Image Modis. The highest abundance of
phytoplankton from seawater sampling was found in Station 3 in amount of 206,010 specimens/liter
where the Bacillariophyceae class was represented by 17 species out of 29 species found. The highest
abundance of phytoplankton in the stomachs of Indian mackerel (Rastrelliger kanagurta) was found in
the specimens caught at Station 3, with as many as 252.0 specimens/liter, where Bacillariophyceae class
contained 18 species out of 28 phytoplankton species found. The data obtained from the Modis Ancillary
Image Satellite and processed with the SeaDas Program, showed the highest abundance of chlorophyll-a
is at Station 3, with as much as 0.9389626 mg/m?3. The fluctuation of chlorophyll-a abundance was in
accordance with the fluctuation of phytoplankton abundance from the result of seawater sampling and
fish stomach sampling.

Key Words: oceanography, primary productivity, pelagic fish, remote sensing.

Introduction. The potential of biological natural resources in a aquatic ecosystem is
largely determined by primary productivity. Fishery resources in East Kalimantan waters
along the Makassar Strait to the Sulawesi Sea, especially pelagic fish, show great
potential for the local settlements. Oceanography parameters are highly influential on fish
catches, such as chlorophyll-a and surface temperature. An important factor affecting the
aggregation of pelagic fish in tropical waters is food availability, which is very much
influenced by phytoplankton production (Fonteneau & Marcille 1993). The number of
pelagic fish tends to be high in the areas where there is a great number of phytoplankton
and zooplankton indicating that the areas are suitable feeding grounds. See surface
temperature (SST) is closely related to fish activities, so it affects fish abundance and
distribution. TIf# waters of Indonesia have unique and dynamic oceanography
characteristics. The highest temperatures and the lowt salinity in the southern waters
of Sulawesi occur from December to March, while thglowest temperatures and the
highest salinity occur from June to Noveml@r (Hendiarti et al 2004; Susanto et al 2001;
Susanto et al 2006; Susanto et al 2012). Transport of deep and nutrient-rich waters to
the surface are characterized by an increase in chlorophyll-a concentration and a
decrease of sea surface temperature (SST) along the coast. Some sources found
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phytoplankton blooms gthe Southern Makassar Strait during the goutheast Monsoon
based on chlorophyll-a data from satellite imagery (Habibi et al 2012; Setiawan &
Kawamura 2011; Syahdan et al 2014) and water sampling (Afdal & Riyono 2004).
Chlorophyll-a is closely related to the primary productivity indicated by the large amount
of phytoplankton biomass. Phytoplankton, like plants that contain the pigment
chlorophyll-a, are microscopic organisms in the sea that are autotrophs or are able the
produce organic matter from inorganic materials through photosynthetic reactions to
sunlight. Because of the ability to produce organic substance from inorganic substance,
phytoplankton is called a primary producer (Kavanaugh et al 2009; Nielsen 1975; Nontji
2002; Nybakken 2005; Raymont 1980). Each species of phytoplankton has their own
optimum temperature which highly depends on other factors such as light. The optimum
temperature for plankton growth ranges from 25°C to 32°C (Wyrtki 1961 in Hartoko
2013). The types of phytoplankton that contain a lot of chlorophyll-a substances in their
cells and are most often found are the Chlorophyceae class and Cyanophyceae class
(Nontji 2008). The distribution and abudance of phytoplankton can be estimated from
their chlorophyll-a conterfiJthrough remote sensing technology, such as using the Aqua
MODIS satellite imagery. Moderate Resolution Imaging Spectroradiometer (MODIS) data,
such as SeaWiFS OC4 and MODIS OC3M, can evaluate sources of chlorophyll-a in open
sea water (Ab Lah et al 2013). The abundance of various kinds of pelagic fish, especially
plankton-eating fish (planktivore), is highly affected by the growth and density of
plankton (Hickman et al 2009). Pelagic fish generally schoal and can group with other
types of fish. Small pelagic fish are phototaxis positive (attracted to light), they are
attracted to floating objects and they tend to schoal by size group. Most pelagic fish
[[i}lude plankton eaters, both vegetable plankton and animal plankton (Bakun 1996; Cury
et al 2000; Fréon et al 2005; Palomera et al 2007; Widodo et al 1995). Indian mackerel
(Rastrelliger kanagurta), which is a pelagic fish, forms large schools in coastal waters and
they consume phytoplankton (diatoms) (Nurdin et al 2015). Distribution and growth of
fish are influenced by food availability. Indian mackerel (Rastrelliger kanagurta) food
consists of diatoms (31%), other organisms (9%), and unidentified particles (60%)
(Almuas & Jaya 2006; Suwarso & Hariati 2003; Najamuddin 2004; Palomera et al 2007).

Material and Method. The sampling was done in the waters of East Kalimantan, in the
east of the island of Kalimantan (Figure 1). The research was conducted for 15 months
from November 2017 to February 2018. The research stations were determined to
conduct purposive sampling (Arikunto 2006). The data for plankton and mackerel caught
were taken at the same locations and days. Meanwhile, the coordinates to find the
chlorophyll-a values were taken from the accurate images of the plankton and mackerel
sampling locations. Data on plankton samples from sea water consists of plankton data
from sea water filtration. The phytoplankton samples were collected using cfiflical
plankton nets with a net mouth diameter of 30 cm, net body length of 150 cm, and sh
size of 30 um. The plankton net was descended to a depth of 5 meters then pulled to the
surface. The plankton samples obtained from the result of seawater filtering from 5-
meter depth until the surface were then taken out of the container bottle, moved into the
collection bottle and preservaed in 4% formalin solution. The bottles were labeled with
the following data: station number, collection location, type of tools used, day and time
of collection of plankton samples. Indian mackerel (Rastrelliger kanagurta) specimens
were collected using a fishing rod, and each specimen was dissected to collect the fish’s
stomach, weigh it, and store it[{fl a labeled collection bottle, with a preservative solution
of 4% formalin. Chlorophyll-a data was taken daily from Aqua MODIS level 3 satellite
imagery and then processed using the SeaDas 8.1 program to obtain grided data at each
phytoplankton sampling station.

The identification of phytoplankton was based on the methods of Yamaji (1976)
and Davis (1995). While the calculation of phytoplankton abundance used APHA (1992)

following formula:
T PV 1
N=—-x—x—x—
L pr w
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N = abundance of phytoplankton individuals (individuals/liter)
T = total area Sedgwick-rafter grid (1000 mm?)

L = the scope of microscope (mm?)

P = the number of phytoplankton

p = the observable amount of view
\

v

w

where :

volume of filtered phytoplankton samples (ml)
volume of filtered phytoplankton samples in the Sedgwick-rafter (ml)
volume of filtered water sample (L)

The daily chlorophyll-a images were processed using SeaDAS program to crop the
research areas and to obtain the ancillary data in the stations of water and fish sampling,
on www.oceancolor.gsfc.nasa.gov. According to McClain and Feldman (2004) and
Tampubolon et al (2016), OC3M algorithm is used as a standard in Aqua MODIS satellite
[Bage processing to obtain data of chlorophyll-a in waters globally. The equation of
OC3M algorithm (O'Reilly et al 2000) is:

Ca = 10(au+alR+a2R2+a3R3+a4R4)
a = 0.2830,-2.753,1.457,0.659,—1.403

Rrs(443) Rrs(490)
R =log 10 >
Rrs(550) = Rrs(550)
where : Ca = concentration of chlorophyll-a (mg/m?3)

R = reflectance ratio
Rrs = remote sensing reflectance

Results and Discussion. The results of measurements of phytoplankton per liter at
seawater sampling stations in East Kalimantan waters are presented in Table 1. Based on
the results presented in Table 1, it can be seen that there were 29 genera of
phytoplankton and 5 genera had abundant populations, namely Chaetoceros in Station 6
in number of 7182 specimens, Chaetoceros in Station 3 in number of 4536 specimens,
Bacteriastrum in Station 6 in number of 3780 specimens, Bacteriastrum in Station 3 in
number 2835 specimens, Oscillatoria in Station 2 in number of 2709 specimens, and
Guinardia in Station 3 in number of 2709 specimens. The kinds of phytoplankton found
consisted of 29 species, belonging to the Bacillariophyceae class (17 species),
Dinophyceae class (10 species), Chlorophyceae (1 species), and Cyanophyceae (1
species). Phytoplankton in Bacillariophyceae class (Diatom) were the species most
common. The domination of Bacillariophyceae (Diatom) was presumably because the
species that belonged to the class had high adaptability and survival rate in various
conditions including extreme conditions. EEtording to Odum (1998), the large number of
Bacillariophyceae (Diatom) in waters is caused by their ability to adapt to the
environment, their cosmopolite property, their endurance against extreme conditions,
and their high reproductive potential. The highest phytoplankton abundance was found in
Station 3 in number of 206.01 specimens/liter followed by Station 6 in number of 162.54
specimens/liter and Station 2 in number of 123.30 specimens/liter.
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Figure 1. Location of water, fish, and satellite imagery collection in East Kalimantan waters (map
generated using ArcGis ver. 10).

Table 1
Phytoplankton distribution in each station

Sampling station

No Types of phytoplankton Station Station Station Station Station  Station  Station

o 2 3 4 5 6 7
1 Bacillariophyceae
Bacillaria sp. 252 63 1134 - - 315 126
Bacteriastrum sp. 1008 819 2835 63 126 3780 -
Biddulphia mobiliensis - - - - 63 63 -
Biddulphia sinensis - 252 - - - - -
Climacosphenia
mon."ﬁgera ) ) ) ) ) ) 189
Chaetoceros spp. 1764 1935 4536 441 189 7182 567
Coscinodiscus spp. 504 1197 1764 189 189 63 252
Eucampia zodiacus 252
Melosira borrerii 189 189 1071 - - 378 63
T’;a""ss’om’.'.'x 1197 1071 2583 252 63 441 189
rauenfeldii
Thalassionema sp. 252 126 819 - 63 315
Pleurosigma sp. - 63 - = = 315
Guinardia sp. 63 1008 2079 126 - 693 252
Nitzschia sigma 63 189 63 63 - 126 -
Synedra tabulate 189
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Rhizosolenia bergonii 756 1134 1764 252 63 1071 252
Rhabdonema adriaticum 63 63 - 126 - 63 -
2 Chlorophyta
Stichococcus sp. - - 189 - - - 189
3 Cyanophyceae
Oscillatoria spp. 1449 2709 189 126 63 63 504
4 gbinophyceae
Ceratium fusus 63 63 - - - 126 2394
Ceratium furca 567 252 N - 63 63 -
Ceratium tripos 126 - - - - - -
Ceratium macroceros 63 126 N - - 315 126
Dinophysis caudata 63
R L B
Protoperidinium spp. 189 693 252 126 126 378 -
Ditylum sol 126 63 315 - - 63 -
Ditylum brightwellii - 126 126 63 - 189 -
Abundance specimens/liter 86.94 123.30 206.01 18.27 10.08 162.54 53.55
Table 2

Phytoplankton distribution in fish stomach in each station

Sampling station

No Types of phytoplankton Station Station Station Station Station Station Station
1 2 3 4 5 6 7
1 Bacillariophyceae
Bacillaria sp. - - 63 - - - 252
Bacteriastrum sp. - 378 252 - - 1575 189
Biddulphia mobiliensis - 504 252 - - - 126
Biddulphia sinensis - 6300 5607 63 - 252 -
Climacosphenia moniligera - - - 126 63 - -
Chaetoceros spp. 126 126 504 - - = -
Coscinodiscus spp. 1071 4095 7119 252 126 1323 1512
Melosira borrerii 378 756 882 189 - 63 504
Thalassiothrix frauenfeldii 1260 - 63 756 - 567 504
Thalassionema sp. 882 126 63 252 - 63 126
Pleurosigma sp. - - - 252 - 63 63
Navicula sp. 63 - - - - - -
Guinardia sp. - 2520 2961 63 N 189 N
Nitzschia sigma 63 189 - 441 252 - 441
Synedra tabulate - 126 - 189 - - -
Rhizosolenia bergonii 252 756 1386 63 252 3780 -
Rhizosolenia alata - - - - - 2520 -
Rhabdonema adriaticum - - 504 - - 1197 -
2 Chlorophyta
Stichococcus sp. - - 63 63 - - -
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Cyanophyceae

Oscillatoria spp. - - - - 189 -
d)inophyceae
Ceratium fusus 126 189 189 - - -
Ceratium furca 63 819 1071 - 63 -
Ceratium tripos 189 126 63 63 - -
Ceratium macroceros 63 63 - - - -
Protoperidinium sp. 126 189 63 63 - -
Triposolenia truncata - 189 63 - - -
Ditylum sol - 1260 2520 - - -
Ditylum brightwellii - - 1512 126 - -

Abundance specimens/liter 46.62 187.11 252.0 29.61 9.45 115.92 37

.17

7119 Coscinodiscus
S0D

Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 Station 7

Figure 2. The abundance of phytoplankton in Indian mackerel stomachs.

The results of abundance of phytoplankton in the stomachs of Indian mackerel
[BBstrelliger kanagurta) at each sampling station are presented in Table 2 and Figure 2.
Based on the result of the study, there were 28 genera of phytoplankton, of which 5
genera with abundant populations: Coscinodiscus spp. in Station 3 in number of 7119
specimens, Biddulphia sinensis in Station 2 in number of 6300 specimens, Biddulphia
sinensis in Station 3 in number of 5607 specimens, Coscinodiscus spp. in Station 2 in
number of 4095 specimens, and Rhizosolenia bergonii in Station 6 in number of 3780
specimens. The kinds of phytoplankton found consisted of 28 genera, including
Bacillariophyceae class (18 species), Dinophyceae class (8 species), Chlorophyceae class
(1 species), and Cyanophyceae class (1 species). Phytoplankton belonging to
Bacillariophyceae class was mostly found in mackerel stomachs. The domination of
Bacillariophyceae in fish stomachs was presumably because the availability in nature was
abundant based on the result of sampling shown in Table 1, and they had high
adaptability and survival rate. The highest phytoplankton abundance was found in Station
3 in number of 252.0 specimens/liter, followed by Station 2 in number of 187.11
specimens/liter and Station 6 in number of 115.92 specimens/liter.
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Table 3
Data of chlorophyll-a and phytoplankton abundance in each station

Anaﬁary_ gata Satellite Phytoplankton Phy top!anktqn .
Modis . . abundance in Coordinates
No ; image pixel abundance
Satellite . ; - mackerel sample
. 3 coordinates  specimens/liter
image mg/m stomach
0°03'45" S 0°03'55" S
1 0,609072 117°43'45" E 86,940 46.620 117947'22" E
2°13'45" S 2°13'8.59"S
2 0,77513963 116°56'15" E 123.300 187.110 116°54'50.11"E
2°03'45" S 2°03'31.4"s
3 0,9389626 117°03'45" E 206.010 252.000 117°03'47.8"E
1°23'45" S 1°24'45.6"S
4 0,561721 116°56'15" E 18.270 29.610 116°55'48.0"E
118°21'15" E 0°07'58.6"S
> 0,159598 0°06'15" S 10.080 9:450 118°20'48.0"E
2°21'15" S 2°20'42.03"S
6 0,8759998 117°03'45" E 162,540 115.920 117°04'54 1"E
1°51'15" S 1°50'05.07"s
7 0,67369723 117°06'15" E 53,550 37.170 117°08'41.1"E

The abundance of chlorophyll-a data from Ancillary Satellite Imagery Modis was
determined at the sampling stations for seawater and fish samples. Table 3 shows that
the highest chlorophyll-a abundance was in Station 3 in number of 0.9389626 mg/m?3,
Station 6 in number of 0.8759998 mg/m?3, and Station 2 in number of 0.77513963
mg/m?3. The chlorophyll-a abundance from the result of Ancillary Satellite Image Modis
data was the spectral result of the sea. The fluctuation of chlorophyll-a abundance was in
accordance with the fluctuation of phytoplankton abundance based on the result of
seawater sampling and fish stomach sampling shown in Figure 3, indicating the chart of
satellite image chlorophyll-a content and phytoplankton abundance in each station and
phytoplankton abundance in mackerel stomach.

300,000 1 —+— Phytoplankton in
n mackerel stomach
™ 09 Phytoplankton
250,000 .
's— 08 | |- Sateliite Image
z 0.7 Data
£ 200,000
o
2 0.6
£ E
150,000 0.5 ]
5 T
- ) = @
£ 100,000 M =
- S o3 sE
s 5 @
2 =
- 0.2 ==
50,000 =0y
0.1 A
0
1 2 3 4 5 6 7
Sample Location

Figure 3. Chart of satellite image chlorophyll-a content and phytoplankton abundance in each
station and phytoplankton abundance in mackerel stomach.

Conclusions. Based on the result of observation, it could be concluded that the highest
phytoplankton abundance was found in Station 3 in number of 206.010 specimens/liter.
17 species out of 29 species of phytoplankton found belonged to the Bacillariophyceae
class. The greatest abundance of phytoplankton in mackerel stomach was found in
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Station 3 in amount of 252.0 specimens/liter. 18 species out of 28 species of
phytoplankton found belonged to the Bacillariophyceae class. The chlorophyll-a
abundance of Ancillary Satellite Image Modis data was in the station of seawater and fish
sampling. It could be seen that the greatest abundance of chlorophyll-a was found in
Station 3 in amount of 0.9389626 mg/m?3. The fluctuation of chlorophyll-a abundance
was in accordance with the fluctuation of phytoplankton abundance from the result of
seawater sampling and fish stomach sampling.
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